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ABSTRACT

A new adsorbing material, coal cinder ball, was synthesized, characterized, and applied to
remove chemical oxygen demand (CODc,) and ammonia nitrogen (NH;-N) from water.
Since coal cinders contain harmful metals, the optimum pretreatment method was deter-
mined by testing the harmful metal concentrations of cinder leachate solution. The results
demonstrated the optimum concentration of HCl in modified coal cinders was 6 mol/L.
Due to large surface areas of modified coal cinders, they exhibited a high adsorption affinity
for CODc, and NHj -N. The adsorption kinetics of CODc, and NH;-N on coal cinder balls
could be expressed by the pseudo-second-order model, which revealed that the adsorption
process consisted of physical adsorption and chemical adsorption. The adsorption isotherms
were fitted well with the Langmuir isotherm, which might be due to homogenous distribu-
tion of active sites on the microspheres’ surface. When the coal cinder balls were used to
purify the micro-polluted river water, the removal of COD¢, was much more than NH;-N
under different water volumes and packing lengths. When combined with zeolite at the
ratio of 1:1, the removal rates of CODc, and NHI-N increased significantly. This would
overcome the shortcomings of zeolite single use and offer a wide application prospect in
water treatment.
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1. Introduction

Coal is the main energy source in the world.
Millions of tons of coal cinders as the products of coal
combustion are discharged every year, but only 10%
were reused in producing cement, power generation,
and agricultural soil improvement [1,2]. Large num-
bers of coal cinders are piled on land for long time.
The coal cinder piles do not only occupy large quanti-

*Corresponding author.

ties of land, but also pollute the environment [3,4].
The effective reuse of coal cinders is an increasingly
urgent concern worldwide.

In recent years, with the development of waste uti-
lization technologies, coal cinders have been widely
used as adsorbents to purify wastewater because of
their honeycomb pores, large specific surface areas,
and good permeability [5]. And some researches have
begun to focus on how to improve the adsorption
capacity of coal cinder, such as choosing different
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pretreatment conditions, coating the surface of honey-
comb briquette cinders with iron, etc. [6-11]. These all
provided prospective pathways for coal cinders uti-
lization. However, earlier studies have demonstrated
that coal cinders contained a large number of deleteri-
ous metals such as Al, Cr, Cu, As, Hg, Cd, and Pb [4].
When the coal cinders were placed directly into water
to adsorb pollutants, harmful metals would be
released into water body to cause the secondary pollu-
tion [12]. This limits the application of coal cinders.
Meanwhile, in reuse process, coal cinders with low
mechanical strength are easily broken [6,13], and then
cause water turbidity and sedimentation blockage
problems. The harmless treatment and mechanical
strength improvement of coal cinders make them suit-
able for reuse in water treatment.

To expand the application of coal cinders, some
harmless treatment ways of coal cinders from four
coal districts in China were tried to determine the
favorable pretreatment way. A construction method of
cinder ball that could improve the mechanical strength
was provided. In order to clarify the adsorption pro-
cess of COD¢, and NHZ—N, adsorption isotherms and
kinetic studies were conducted in the synthetic
wastewater containing potassium hydrogen phthalate
(KHP) and NH4CI to provides the basis for COD and
NH; -N study [14]. The application of coal cinder balls
combined with zeolite to purify actual micro-polluted
river water was also studied.

2. Materials and methods
2.1. Raw material

Four coal cinders, obtained from Feicheng
(Shandong province, China), Yuanbaoshan (Neimengu
municipality, China), Nanpiao, and Qinghemen
(Liaoning province, China), were dried in a drying
closet for 24 h at 105°C for using. The chemical com-
positions of the four raw coal cinders were given in
Table 1. Other chemicals were purchased from Beijing
Chemical Reagents Company (Beijing, China) with at
least analytical grade. Potassium hydrogen phthalate
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(KHP) and NH4Cl were added to distilled water to
adjust CODc, and NH;-N concentration as the
synthetic wastewater used in this study.

2.2. Preparation of coal cinder balls

Raw coal cinders (20 mesh) were pretreated with
diluted HCI and H,0O,. Ten grams of raw cinders were
added to 100 mL of HCI, or HCl and H,O, solution
(1#, 4 mol/L HCI; 2#, 6 mol/L HCI;, 3#, 7.2 mol/L
HCl;, 4#, 6 mol/L HCI and 0.05 mol/L H,O, 5%,
6 mol/L HCI and 0.1 mol/L H,0O,), respectively, and
shaken by a horizontal oscillator for 8 h. After stand-
ing for 16 h, the liquid was then filtered. The modified
cinders were repeatedly washed by distilled water
until the pH of leaching liquid was 6.9-7, then dried
in a closed container at room temperature for later
use. Polyvinyl alcohol (PVA) was modified by succinic
acid with the mass ratio of 5.6:1 at 85°C to improve
the water resistance and adhesion [15-17]. Four modi-
fied cinder balls (A-D) with the diameter of 3 cm were
prepared using 15 g modified coal cinders from four
coal districts (Feicheng, Yuanbaoshan, Nanpiao, and
Qinghemen) and 12 mL modified PVA in a balling
plate, then dried at room temperature in a closed
container.

2.3. Characterization of coal cinder balls

Raw and modified coal cinders were added to
ultrapure water with a quantity—volume ratio of 1:10
and then shaken by a horizontal oscillator at 25°C for
8 h. The mixture was left to stand for 16 h and then
filtered to detect the concentration of deleterious met-
als in the filtrates. After filtration, the remaining raw
and modified coal cinders were dried at 40°C for 48 h
in a closet for BET and SEM analysis. To detect the
compressive strength, 30 g of modified coal cinders
and 24 mL of modified PVA were placed into a cylin-
der (height, 4 cm; diameter, 5cm). Zeta potentials
were measured at different pH values using a Horiba
SZ-100Z.

Table 1

Composition of cinders used %

Composition SiO, Al,O3 TFe TiO, CaO MgO CaF MnO,
Feicheng 41.54 33.15 6.21 1.45 0.49 0.44 ND ND
Yuanbaoshan 60.77 18.15 4.88 0.33 1.05 1.85 0.28 0.73
Qinghemen 62.25 20.72 5.75 0.59 1.33 2.05 0.35 0.85
Nanpiao 65.17 19.68 497 0.61 1.24 2.15 0.39 0.74
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2.4. Adsorption experiments

To determine the adsorption kinetics of coal cinder
balls for CODc, and NH;-N removal, batch experi-
ments were performed in a series of 500-mL glass con-
ical flasks. A total of 425 mg potassium hydrogen
phthalate (KHP) was dissolved in distilled water and
diluted to 1,000 ml, so this solution had a theoretical
COD¢; of 500 mg CODc,/L [18]. This solution was
further diluted with distilled water to obtain the
50 mg CODc,/L. And the standard NH;-N sample
was prepared with a NH4Cl concentration of 15 mg/L
[19]. The initial pH of the water samples were
adjusted using 0.1 mol/L NaOH or HCIL. A total of
16 g cinder balls were added to 400 mL water samples
and agitated in a shaker (XJ-III, Shaoguan Taihong
medical instrument Co., Ltd, China) at 20°C for 10, 20,
30, 60, 120, 180, and 240 min. Then the concentrations
of KHP (CODc,) and NH; -N left in the water samples
were detected.

The adsorption isotherms were studied under the
following process: The concentration of COD¢, sam-
ples were prepared with KHP to 10, 20, 30, 40, and
50 mg CODc,/L. The concentration NH;-N samples
were prepared with NH,CI to 1, 2, 4, 8, 10, 20, and
40 mg/L. A total of 16 g cinder balls were added to
200 mL different KHP (CODc,) and NH;-N samples,
respectively. Then samples were shaken by a horizon-
tal oscillator at 20°C. At predetermined time, the con-
centrations of KHP (CODc,) and NH;-N left in the
water samples were analyzed. The trials were
repeated three times for each sample. KHP (CODc,),
NH; -N adsorption capacity and percentage removal
efficiency were calculated by Egs. (1) and (2):

(Co—C)V
m

Q= 1)

Co — C;
0

% Removal = x 100 2

2.5. The application of coal cinder balls in micro-polluted
river water

To study the absorption effect of coal cinder balls
in micro-polluted river water, coal cinder balls and
other absorbents were fastened in the experimental
facilities (2 m x 0.5m x 0.7 m, Fig. 1). The absorption
efficiency of CODc, and NH; wunder different
water volumes (0.9, 0.7, 0.5 m>/h), packing lengths
(1, 0.75, 0.5 m) and different combinations of absor-
bents (1:1, 2:1) were compared.
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2.6. Analytical methods

Raw coal cinder and zeolite mineral contents were
measured according to the standard method for silicon
and organic matrix material (EPA3052, 1996). The con-
centrations of trace metal elements in cinder leaching
solution were measured by inductively coupled
plasma mass spectrometer (7500C, Agilent, America).
The surface areas and interior structures were investi-
gated by BET (ST-08A, Beijing analysis instrument fac-
tory, China) and SEM (5-4800, Hitachi, Japan). The
compressive strength was tested by material test
machine (YAW-300, Fangyuan experimental instru-
ment Co., Ltd, China). CODc; concentration was mea-
sured though the rapid digested spectrophotometry
method using potassium dichromate with a microware
digestion system (X]J-III, Shaoguan Taihong medical
instrument Co., Ltd, China). According to standard
methods (Chinese HJ 535-2009), NH; -N concentration
was characterized though the Nessler's reagent spec-
trophotometric method using a spectrophotometer
(752 SP, spectrumlab, China) at the wavelength of
420 nm.

3. Results and discussion
3.1. Pretreatment of coal cinders

To investigate the effect of different concentrations
of HCI and H,O, on treatment efficiencies of deleteri-
ous metals, the harmful metal concentrations in the
different filtrates of raw cinder and modified cinder
were shown in Fig. 2. The results showed that the con-
centrations of different harmful metals in filtrates of
four coal cinders modified by five different ways
changed significantly.

While the coal cinders from Feicheng were pre-
treated by five different combinations of HCl and
H,0,, the concentration of Pb in filtrate changed
slightly because of its low concentration (about
0.035 pg/L) in filtrate of raw coal cinders. However,
the concentration of Pb in filtrate of other three kinds
of coal cinders pretreated by HCI (4, 6, and 7.2 mol/L)
decreased significantly, which is similar to other
reports [20]. Compared to the three former pretreat-
ment methods, the concentration of Pb in filtrate of
Feicheng, Qinghemen and Nanpiao coal cinders
increased more by the 4# and 5# pretreatment method.
It can be attributed to the change in morphology of Pb
induced by H,O,. So the 4# and 5# pretreatment
method cannot be chosen as the best way.

Similar to the change in Pb, the concentration of
Hg in filtrate of four kinds of coal cinders increased
using the 4# and 5# pretreatment method. This is
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Fig. 1. Experimental facilities: (a) vertical view and (b) front view.

mainly because the morphology of Hg in the coal cin-
ders was changed by H,O,, which was consistent with
the reports of Martinez et al., Zhang et al. and Zhou
et al. [21-23]. Meanwhile, it could be found that the
concentration change in As, Cu, Cd, and Cr in filtrate
of four kinds of coal cinders also was similar to the
change in Pb and Hg as shown in Fig. 2.

Since the concentration of Al was the most among
the different metals in the four kinds of coal cinders
(Feicheng 33.15%, Yuanbaoshan 18.15%, Qinghemen
20.72%, Nanpiao 19.68%), the concentration of Al pre-
treated by HCI (4, 6, and 7.2 mol/L) in filtrate of four
kinds of modified coal cinders decreased significantly.
As can be seen in Fig. 2, the concentration of Al in the
filtrate decreased with the increase in concentration of
HCI. However, the concentration of Al in the filtrate
of four different kinds of coal cinders increased under
the 4# and 5# pretreatment method, which was similar
to the change in the concentration of Hg, Pb, As, Cu,
Cd, and Cr. So the cinders modified by 6 mol/L HCl
were chosen in the study for high efficiency and low
cost.

3.2. Characterization of coal cinder balls

The SEM images of four kinds of coal cinders
before and after modification by 6 mol/L HCI are
shown in Fig. 3. Fig. 3(A2, B2, C2, D2) showed that
the surface was covered by numerous flake-like crys-
tals after HCl treatment. It might be attributed to the
conversion of water-soluble metals-containing com-
pounds under the strong acidic condition.

The BET surface areas of the four kinds of coal cin-
ders modified by 6 mol/L HCIl were larger than the
raw coal cinders as shown in Table 2. The surface
areas of four kinds of modified coal cinders were
14.44-37.74 m*/g, which were 1.23-2.07 times greater
than the raw coal cinders (6.98-26.14 m?/g).

The density of modified cinders (0.77-0.94 g/ cm®)
was significantly lower than that of raw coal cinders
(1.54-1.89 g/cm’), suggesting that coal cinders modi-
fied in HCI could reduce the density of coal cinders as

shown in Table 2. Therefore, cinder balls made of
modified coal cinders could be easier to float in the
water, and can increase the adsorption capacity of
pollutants. All these were attributed to the use
of 6 mol/L HCI, which could dissolve a large number
of metals in coal cinders including Pb, Hg, Cd, As,
Cu, Cr, and Al, thereby causing plenty of micropores
and large surface areas.

Surface features and interior structure can reflect
adsorption ability of material to some extent [24].
Since the larger surface areas the more adsorption
capacity for some pollutants [19], the modified cinder
balls could receive better removal efficiency for COD¢,
and NH; -N.

The compressive strength of cinder balls was about
3.2-3.8 MPa, which was three times higher than the
raw cinders (0.5-1.2 MPa) as shown in Table 2. Higher
compressive strength could resist higher water
pressure, and the coal cinder balls were unbroken.
Therefore, coal cinder balls would be better to purify
micro-polluted river water compared with the raw
cinders directly used in the water treatment.

3.3. Influence of pH on adsorption of KHP (CODc,) and
NH;-N

The pHpzc (point of zero charge) of coal cinder
balls was calculated to be 6.0 according to the zeta
potential shown in Fig. 4. When the reaction time was
240 min, the adsorption of KHP (CODc,) and NH;-N
on coal cinder balls was investigated at different pH
values. As shown in Fig. 5, the highest treatment effi-
ciencies were obtained at pH 6.0, removal efficiencies
of KHP (CODc,) and NH;-N were up to 40.7 and
25.2%, respectively. Charge conditions may influence
the electrostatic force between solvated particle and
the adsorbent. It is well known that a solid surface is
positively charged when pH < pHpzc, and negatively
charged when pH > pHpzc [25]. Therefore, when pH
was 3.0, the surface of coal cinder balls was positively
charged, and the repulsion hindered the transferring
of NH;-N. The electrostatic repulsion decreased with



Y. Wang et al. | Desalination and Water Treatment 57 (2016) 21781-21793 21785

raw cinders 1# 2# 3% A
Pb4 g L 4

Hg

y
ca 1
SN} NN
'§

@T
)
7/

Cu+ +H

Cr+ L L L L

0 TR SN - aEa TG
012510 0125 10 01223 4 0123 4 01 2 4590 0 1 1530

Concentration (ug/L)

raw ginders 1 2 #

Pb-ii

Hg4 +
Cd- i J

4 N 5
B I

o

~pge
%%m% ezt

Cr-' E
1 T r 11  r-Trrmrv T T 1 1 15 1 1
012 2550 0125 10 01234 012 3 4 0 2 4 6 012 3 4

Concentration (pg/L}

raw cinders 1 3 4

»NN
Hg+

g
Cd.§_¢ 4
SN =
N N
S\ N N

Al N A

012 2040 01234

P

i@%% TR

01234
Concentration (pg/L)

i\
N\
N

1 2 3 0 1 2 3
oncentration (pg/L)

o
-
[
w
FS
o
-
(8]
w
IS

raw cinders

P Y F@_'
cu-§ §4

As-g-{ §—|

ce NN NN
Cr-§ §|
Al-& N N

012 2550

+ w%%m —a R
Tw%%"“ﬂfi
Ziy/ i

o
-y
%]
w
-
o "
-
%]
o
=}

[=]

(Xp

w
Qo

Fig. 2. Harmful metal concentration in filtrate of 4 kind of coal cinders (Feicheng, Yuanbaoshan, Nanpiao, Qinghemen;
1# 4 mol/L, 2# 6 mol/L, 3# 7.2 mol/L HCI, 4# 6 mol/L HCI and 0.05 mol/L H,O,, 5# 6 mol/L HCI and 0.1 mol/L H,0,).

the increase in pH. When pH > 6.0, electrostatic attrac-  converted into the form of NH3-H,O, which decreased
tion and sorption happened simultaneously for the removal of NH;-N. As for KHP (CODc,), when
NH; -N removal. When pH >8, NH; was gradually pH was 6.0 or lower than 6.0, electrostatic attraction
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Fig. 3. SEM of four kinds of coal cinders (Feicheng, Yuanbaoshan, Nanpiao, Qinghemen) before modification (A1-D1)
and after modification (A2-D2).

Table 2
Parameters of coal cinders before and after modification

Feicheng Yuanbaoshan Nanpiao Qinghemen
Indicator Before After Before After Before After Before After
BET (m?/ 2) 6.98 14.44 24.20 27.25 13.51 22.14 26.14 37.74
Packing density (g/ cm®) 1.81 0.92 1.54 0.77 1.89 0.94 1.85 0.93

Compressive strength (MPa) 1.2 3.8 0.7 3.5 0.9 3.6 0.5 3.2




Y. Wang et al. | Desalination and Water Treatment 57 (2016) 21781-21793

40

Zeta potential (mV)

Fig. 4. Zeta potential of coal cinder balls.

promoted the KHP (CODc,) removal. When pH > 6.0,
the repulsion hindered the transferring of KHP
(COD¢y). Therefore, pH 6.0 was chosen as the optimal
pH.

3.4. Adsorption kinetics

Numerous adsorption processes have been investi-
gated particularly during the past 25 years [26-31]. It
has been known that adsorption processes could be
dependent on and controlled by different kinds of
mechanisms, such as diffusion control, mass transfer,
chemical reactions, and particle diffusion. As shown
in Fig. 6, the adsorption of KHP (CODc,) and NH;-N
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onto four kinds of coal cinder balls was initially fast
and then gradually slowed. When reaction time
increased to 120 min, the KHP (CODc,) adsorption
capacity of cinder ball C achieved to 0.24 mg/g with a
removal efficiency of 32.3%. KHP (CODc,) adsorption
capacity increased slightly when reaction time was
increased from 120 to 240 min. It might be deduced
that the adsorption of KHP (CODc,) on cinder ball C
reached equilibrium at 120 min, which is less than
three other cinder balls (180 min). As for NH;-N, the
adsorption equilibrium of four cinder balls all reached
when the reaction time was 120 min. And the adsorp-
tion amount of cinder ball A was up to 0.09 mg/g
with the removal rate of 26%, significantly higher than
the others. This might be attributed to higher con-
tents of the total Fe (TFe) in cinder ball A, which
could increase the theoretical nitrogen saturation
amount [17].

The pseudo-first-order kinetic model of Lagergren
followed by Eq. (3) [32] and the pseudo-second-order
kinetics equation followed by Eq. (4) [33,34] was used
to illustrate the adsorption capacity of four kinds of
cinder balls on KHP (CODc,) and NH; -N.

In(Qe — Q) =In Q. — Kyt 3)
t 1 1
oo Tka W

The best fit model was selected based on both the cor-
relation coefficient (+*) and the calculated Q. values.

441 KHP (COD,)
40 V‘:\?‘:\
g, ST 3=
< 36+ \-\___/
g
8 32 i L
5 NH,"-N
T 284
[=]
5
& 244
20
16

-

Fig. 5. pH effect on KHP (CODc,) and NH, -N removal efficiencies, respectively.
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Fig. 6. Adsorption kinetics of KHP (CODc,) and N H; -N on coal cinder balls, respectively.

The values of the function and parameters (Q., K1, K>)
and the related correlation coefficients (+* values) of
the four cinder balls were, respectively, calculated
from the linear plot of log(Q. — Q) vs. t in pseudo-
first-order model and linear plot of t/Q; vs. t for
pseudo-second-order model. Table 3 showed that the
pseudo-second-order kinetics model provided a near
perfect match between the theoretical and experimen-
tal data (all greater than 0.9751 for 1?). So it could be
concluded that the removal mechanisms of KHP
(COD¢,) and NHj-N contained not only physical
adsorption but also chemical adsorption.

Table 3

Parameters obtained from pseudo-first-order kinetics model, pseudo-second-order

Freundlich adsorption isotherms for four coal cinder balls

3.5. Adsorption isotherms

Equilibrium data, commonly known as adsorption
isotherms, are basic requirements for the research of
adsorption systems [35]. The adsorption isotherms are
important for the description of the equilibrium rela-
tionship between adsorbent and adsorbate. Adsorption
of pollutants from liquid solution by solid adsorbents
was widely evaluated using the Langmuir isotherm
model followed by Eq. (5) [33,34] and Freundlich iso-
therm followed by Eq. (6) [36]:

kinetics model, Langmuir, and

COD adsorbtion

NH; -N adsorbtion

Models Parameters Ball A BallB BallC BallD BallA BallB BallC Ball D
Pseudo-first-order kinetics model Qe 0.0598 0.0382 0.0349 0.0307 0.2339 0.1716 0.2609 0.2049
Ky 0.0229 0.0264 0.0153 0.0282 0.0172 0.0411 0.0280 0.0418
r 0.9284 0.9133 0.9800 0.9519 0.9502 0.9307 0.9899 0.9016
Pseudo-second-order kinetics equation Q. 0.2920 0.2000 0.2390 0.3050 0.0750 0.0470 0.0370 0.0450
K 0.0619 0.2205 0.1903 0.1026 0.2979 0.5865 0.7639 0.3167
? 09751 0.9925 0.9941 0.9965 0.9890 0.9916 0.9963 0.9949
Langmuir adsorption isotherm Om 0.3400 0.4300 0.4400 0.4000 0.1100 0.1400 0.1200 0.1100
b 0.0998 0.0263 0.0343 0.0756 0.1676 0.1063 0.0167 0.0398
s 0.9988 0.9904 0.9953 0.9996 0.9922 0.991 0.99 0.9932
Freundlich isotherm n 19159 1.4466 15518 1.6902 1.2017 1.2474 0.8651 1.0160
Kg 0.0459 0.0183 0.0249 0.0393 0.0153 0.0131 0.0016 0.0038
r 0.9336  0.9667 0.9593 0.9680 0.9704 0.9977 0.9689 0.9783
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The isotherms of KHP (CODc,) and NH;-N adsorp-
tion by cinder balls were shown in Fig. 7 and Table 3.
Table 3 showed that the Langmuir adsorption iso-
therms equation represented the better fit of experi-
mental data due to the relatively better * values (all
greater than 0.9900 for r*) compared with that of the
Freundlich isotherm equation. This might be due to
homogenous distribution of active sites on the micro-
spheres surface since the Langmuir equation assumes
that the surface was homogeneous and adsorption
was a monolayer reaction [37]. So it could be seen that
the absorption of KHP (CODc,) and NH; -N on cinder
balls was in monomolecular type.

The results showed that the theoretical KHP
(COD(;) saturation amount (Q,,) of cinder ball C
obtained from Langmuir model was the highest
(0.44 mg/g) because of the largest BET surface area
providing more adsorption sites [33]. Meanwhile, the
theoretical KHP (CODc;) saturation amount of cinder
ball A was the least (0.34 mg/g), because the BET sur-
face area of cinder ball A was the least among the four
kinds of cinder balls. Although the BET surface areas
of the four cinder balls are different, the theoretical
NH;-N saturation amounts of the four cinder balls
were very similar (0.11-0.14 mg/g). The reason for
this similarity might be that the removal mechanisms
of NH;-N were physical and chemical adsorptions
[19].
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3.6. Application study of coal cinder balls in micro-polluted
river water

Since the KHP (CODc,) and NHj-N could be
removed from aqueous solution by coal cinder balls,
the efficiency of coal cinder balls on CODc, and
NH; -N in micro-polluted river water was studied for
researching the adsorption capacity further.

3.6.1. Effect of different water volumes on removal

efficiency

Fig. 8 shows that the removal efficiency of COD¢,
and NH;-N under different water volumes when the
packing lengths of coal cinders was 1 m. It could be
concluded that the removal efficiency of CODc,
increased with the decrease in inflow volume. The
average removal efficiency was 21.7% when the inflow
was 0.5 m®/h, the average removal efficiency was 17%
when the inflow was 0.9 m®/h. Considering the differ-
ent water volumes, the average removal efficiency of
CODc¢, was the highest when the water volume was
0.9 m>®/h. Under different water volumes, the removal
efficiency of NH; -N was 12.3, 13.1, and 15.4%, respec-
tively. Overall, using coal cinder balls, we can see that
the CODc, removal efficiency was higher than the
removal efficiency of NH; -N obviously.

3.6.2. Effect of different packing lengths on removal

efficiency

The effect of different packing lengths on removal
efficiency of coal cinder balls under the condition of

0.9 m®>/h water volumes was shown in Fig. 9. As
shown in Fig. 7, the removal efficiency of CODc, of

CALE
015 <

0124

x-

Fig. 7. Adsorption isotherms of KHP (COD¢,) and NH;-N on coal cinder balls, respectively.
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Fig. 8. Removal efficiency of COD and NHj -N about coal cinder balls under different water volumes.

1 m packing lengths was 17%, which was more than
the other two packing length. Similar to the removal
efficiency of CODc,, the removal efficiency of NH;-N
of 1 m packing length was 12.3%, which was 1.5 times
more than the removal efficiency of 0.5 m packing
length. So the 1 m packing length was the optimal
length to purify the micro-polluted river water.

3.6.3. Effect of combinations with coal cinder balls and
zeolite on removal efficiency

Based on the above analysis, the removal efficiency
of NH; -N was lower when only coal cinder balls were
used. So it was necessary to improve adsorption

24

—a—1m —e—075m —4—05m

20 - p/ - \
lh"“—a-h
16 / / \\'\\ ff f/.\\\.‘
Al N AN
/ N o/ ~

12

Removal efficiency(%)

0 T T T T T T T T 1
A1l A2 A3 A4 A5 AB AT A8
Sample times

capacity of coal cinder balls in NH; -N. Zeolite, as an
effective adsorbent, is considered to be one of the
most widely used adsorbent material. Zeolite could
adsorb large quantity of NH;-N in aqueous solution,
however, the purification for COD¢c, was not signifi-
cance [38]. So optimal combinations with coal cinder
balls and zeolite was studied to purify micro-polluted
river water more efficiently.

The removal efficiency of CODc, and NH;-N
under different combinations was shown in Fig. 10.
Fig. 10 showed that CODc, removal efficiency of two
different combinations were all up to 20% when the
water volumes was 0.9 m®/h, which was higher than
the removal efficiency of zeolite. The NH; -N removal
efficiency of the combinations (2:1) was 11.8%, which

20 4 —=—1m —e—0.75m —4—0.5m
16

12 4

Removal efficiency(%)

0 T T T T T T 1

T T
Al A2 A3 Ad A5 AB AT AB
Sample times

Fig. 9. Removal efficiency of COD and NHj -N about coal cinder balls under different packing lengths.
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Fig. 10. Removal efficiency of COD and NH, -N under different combinations.

was less than the removal efficiency of the combina-
tions (1:1, 12.9%). It could be attributed to the
improvement of zeolite to the adsorption of NH; -N. It
was visible that coal cinder balls as a kind of new
packing could adsorb CODc, and NH;-N obviously
in aqueous solution, and the combinations with coal
cinder balls and zeolite could overcome the shortcom-
ings of zeolite to expand its wider application in water
purification.

4. Conclusions

Cinder balls were successfully prepared by modi-
fied coal cinders and organic binder (PVA) and
applied for the removal of CODc, and NH;-N. When
the coal cinders were modified by 6 mol/L HCI, the
concentrations of harmful metals in coal cinders
decreased and the adsorption capacity increased.
Combination of coal cinder balls and zeolite was used
to purify the micro-polluted river water. The different
combinations of coal cinder balls and zeolite could
improve the adsorption of CODc, and NH;-N, which
could expand more application in purification of the
micro-polluted surface water.
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List of symbols

Q: — adsorption capacity of CODc, and NH; -N at
time t (mg/g)

Co — the initial concentrations of CODc, and NH;-N
in the solution (mg/L)

C; — the final concentrations of CODc¢, and NH} -N in
the solution (mg/L)

V. — the solution volume (mL)

m  — the mass of cinder balls (g)

t — the adsorption time (min)

K, — the second-order reaction constant (g/mg min)

Q. — adsorption capacity of CODc, and NH; -N at
equilibrium (mg/g)

Qm — the theoretical amount required for adsorption
saturation (mg/g)

Ce — the solution concentration at equilibrium (mg/L)

b — a constant

1/n — a constant

Kg — a constant
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