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ABSTRACT

Fe–C alloy filler was prepared using iron powder and activated carbon. And it was proved
to be efficient in getting rid of chloride from water, especially saline wastewater. Generally,
biochemical treatment efficiency will be low if the concentration of chloride ion (Cl�) in
water reaches 10,000mg/L. Once the Cl� content exceeds 20,000mg/L, most microbes will
lose activity because of the high osmotic pressure. Besides, it will not only affect the
microbes’ survival but also be toxic to the microorganisms. This paper studied chloride
removal efficiency with iron-carbon alloy. Factors affecting the removal efficiency and the
possible removal mechanism were also investigated. Treatment effect for actual salinity
wastewater with the filler was reported. The results showed that the new filler could
effectively remove chloride ions and chemical oxygen demand (COD). CODCr removal rate
of the chosen practical wastewater samples was higher than 55%, and the Cl� removal rates
were 27%, 30% and 25%, respectively. The oxygen consumption curves of the wastewater
that were obtained from chemical industries showed that the biodegradability of wastewater
could be greatly improved due to removal of Cl� using the new filler.

Keywords: Fe–C alloy filler; Wastewater desalination; Cl� removal mechanism; Oxygen
consumption curve; Biodegradability

1. Introduction

Hypochlorous acid, hydrochloric acid and
chlorinated compounds are widely used in industries
like printing and dyeing, papermaking, chemical and
pesticide, which can produce a lot of Cl�-containing
wastewater. Wastewater with high concentrations of
organic compounds and chloride is difficult to be
biodegraded; so desalination is needed.

Traditional desalination technology is not merely
expensive, energy-intensive, and time-consuming, but

also ineffective [1]. Methods such as dilution after
biochemical, multi-effect evaporation and membrane
separation have been used for salinity wastewater
treatment [2–4], but the problem of high cost and low
treatment efficiency still remains unsolved.

Based on such a number of primary batteries
formed within the filler, Fe–C micro electrolysis is
widely used for the pretreatment of non-biodegrad-
able wastewater [5,6]. However, this technique has not
been widely used for chloride removal, and most of
the micro-electrolysis fillers used in studies were a
simple mixture of iron grain and carbon particles,
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which are prone to hardening and passivation in the
actual wastewater treatment.

In this paper, a kind of iron-carbon alloy-based
filler was developed. The large specific surface area
and high reaction activity of the alloy showed
surprising performance. Powders of iron and activated
carbon were pressed and roasted to produce the alloy
according to a certain proportion. The new filler had
several advantages. First, iron and carbon were not
easy to separate. Second, the integration of iron and
carbon could improve electron transport performance
and reaction efficiency. Finally, the structure could
avoid passivation of iron and carbon.

Factors that influence Cl� removal efficiency,
including initial pH, residence time, concentration of
chloride ions and organic matter content were
studied. The Cl� content in the respective reaction
parts were confirmed through intermittent and contin-
uous experiments. The removal pathway and removal
mechanism of Cl� were studied. The new filler was
also used for treating actual salinity wastewater (such
as modified starch wastewater, pharmaceutical waste-
water, cellulose ether wastewater) to investigate the
treatment effect.

2. Experimental

2.1. Materials and methods

2.1.1. Experimental raw water

Both simulated and actual wastewaters were used
in this study. The simulated wastewater was prepared
with NaCl solution. The actual wastewater samples
that contain high concentrations of Cl� were obtained
from chemical industries. The characteristics of the
actual wastewater are shown in Table 1.

2.1.2. Filler of iron and carbon alloy

Iron fillings (mesh size less than 60) and activated
carbon powder (mesh size less than 100) were used as
raw materials. The iron fillings were activated by

washing with 5% hydrochloric acid. The raw materials
were first pressed under a pressure of 200KN accord-
ing to the proportion of iron fillings. The molding
materials were then calcined under in the temperature
range of 1,050–1,200˚C for 90–100min [7,8] in nitrogen
atmosphere. Fig. 1 shows the appearance of the
molding filler.

The micro-electrolysis reactors (MER) made of
transparent polyvinyl chloride are shown in Fig. 2.
The effective volume of the MER was 2 L. Wastewater
was poured into the reactor at a constant flow rate
using a flow pump. Aeration devices were at the
bottom of the Fe–C MER and the fillers were in the
middle. And the mode of aeration devices was contin-
uous aeration. The wastewater entered into the tower
from the bottom and came out from the top. After a
period of reaction, the effluent was adjusted to
alkaline environment (pH 9 or so) with NaOH and
HCl, then about 0.3mL PAC (2% w/v) and 0.1mL
PAM (2‰ w/v) were added per liter of wastewater
for sedimentation [9]. Finally, the supernatant fluid
was taken for testing. Batch experiment means that all
the raw water was directly poured into the reactor at
once, and then the effluence was taken out for

Table 1
Characteristics of the actual wastewater

Items Modified
starch
wastewater

Pharmaceutical
wastewater

Cellulose
ether
wastewater

pH 4.57 6.74 5.65

NH3-N 63.09mg/L 12.32mg/L 9.16mg/L

Cl� 20,880mg/L 21,500mg/L 15,360mg/L

CODCr 23,520mg/L 5,890mg/L 12,400mg/L

Fig. 1. Appearance of filler.

Fig. 2. Schematic diagram of experimental set-up.
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flocculation precipitation after a certain reaction time.
On the contrary, raw water was poured into the
reactor continuously in the dynamic experiment, and
the residence time was controlled by the flowrate [10].

2.2. Experimental procedures

Effects of reaction time, initial pH, Cl� concentra-
tion and CODCr content on Cl� removal efficiency
were investigated through single factor experiment
using simulated wastewater.

Under optimized conditions, take the NaCl solution
containing 5� 104mg/L Cl� as the raw wastewater. In
order to determine the main removal pathway of Cl�,
batch experiments were carried out to detect the Cl�

concentration of effluent water, flocculation sedimenta-
tion and the filler. Meanwhile, the releasing gas was
absorbed by 4% sodium hydroxide. Then, through
continuous experiments, fillers before and after the
reaction were tested to study the changes in surface
structure and composition of the matter.

For practical salinity wastewater, the optimal
reaction conditions were determined through single
factor and orthogonal experiments. CODCr and Cl�

removal rate and the biodegradability of wastewater
after reactions were measured, respectively, under the
optimal reaction conditions [11–13].

2.3. Analytical methods

For water quality, CODCr, pH and Cl� were
measured by the China national standard methods or
the recommended standards of the environment
protection sector [14]. Chemical oxygen demand
analyzer (HACH DR 200, DR 2700) was used for the

detection of CODCr. Biodegradability of the wastewa-
ter was measured with a fluorescent dissolved oxygen
meter (HACH, HQ30D).

For filler performance detection, the iron-carbon
alloy before and after the reaction was crushed into
powders (without grains) and particles (diameter of
2mm), respectively, and was observed with a
scanning electron microscope (SEM) (JSM-6700F,
JEOL) and X-ray scanning (INCA energy, oxford
instruments). The specific surface area of the filler was
measured by fully automatic surface area and pore
size analyzer (V-Sorb 2800P, Beijing Jin Ai Pu Science
and Technology Company Limited). Through the
analysis of the results, the surface morphology and
changes in the phase were identified.

3. Results and discussion

3.1. Removal of Cl� by the iron carbon alloy

3.1.1. Concentration

Fig. 3(A) shows the effect of the initial Cl� concen-
tration on the removal rate at room temperature. To
discuss the treatment effects of different initial Cl�

concentrations, Cl� concentration of raw water ranges
from 5� 103 to 5� 104mg/L with the initial pH fixed
as 2 for a reaction time of 60min. Fig. 3(A) shows that
the removal rate of Cl� could reach about 25% among
the studied scope with minor fluctuations.

3.1.2. pH

Fig. 3(B) shows the effect of the initial pH on the
removal rate at room temperature. Sodium hydroxide
solution (30% w/v) and sulphuric acid solution (30%
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Fig. 3. Effect of the initial Cl� concentration, initial pH and residence time on the removal rate.
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v/v) were used to change the pH. The initial pH of
raw water was adjusted to 2, 3, 4, 5 and 6, respec-
tively, with the initial Cl� concentration fixed as
20,000mg/L for the reaction time of 60min. Fig. 3(B)
shows that the Cl� removal rate can reach as high as
32.5% while the pH is 2. It tells that the pH has a
greater impact on the Cl� removal rate for the new
filler.

3.1.3. Residence time

Fig. 3(C) shows the effect of residence time on the
removal rate at room temperature. To discuss the
factor of residence time, the residence time of the
reaction was set to 30, 60, 90, 120, 150 and 180min
with the initial pH fixed as 4 and Cl� concentration
fixed as 20,000mg/L. At first the removal rate of Cl�

increased significantly as the residence time was
prolonged, after 60min, there is only a less variation,
hence consider a retention time 60min as the best
condition for this research.

3.2. The Cl� removal mechanism of the filler

Sodium chloride solution with a Cl� concentration
of 20,000mg/L was prepared as the raw water. The
removal rate of Cl� could reach approximately 25%
through repeated experiments. Among the 25%, only
a small part was oxidized to Cl2, even a smaller part
was removed through flocculation and most of the
Cl� was absorbed by micro electrolysis fillers (Fig. 4).
Adsorption of Cl� happened mainly through two
mechanisms: (1) activated carbon within the filler
could absorb some Cl�; (2) micro-electric field caused
by the micro-electrolysis reaction in filler cavities gave

the filler surprising electrosoption capacity of Cl�.
Such a removal rate was mainly attributed to the
second mechanism. For electric-absorption, Cl� was
also driven by electric field force, and it is stronger
and more selective than free diffusion of physical
adsorption.

For the experiments, Cl� was removed mainly
through adsorption by the filler. Although activated
carbon in the filler had physical adsorption ability,
Cl� was absorbed mainly through electric-absorption
caused by the primary cell reaction of the Fe–C alloy.
Cavities inside the filler acted as the primary cell and
provided micro-electric field. Cl� in the midst of the
cavities was electrically driven onto the surface of
electrodes [15–17].

To study the adsorption capacity of the filler, the
Cl� concentration of the influent was detected contin-
uously with the reaction conditions fixed. As shown
in Fig. 5, at the beginning of the reaction, the Cl�

removal rate was high, and then it reduced gradually
with lapse of the reaction time. After 90min, the Cl�

removal rate dropped to 2.5%, illustrating that the
filler was close to adsorption saturation [18].

The composition and surface structure of the filler
were analyzed. Fig. 6 shows the results of the XRD.
Through comparison, it was clear that the filler after
reaction had obvious diffraction peaks at the 2-h angle
of 31 degrees which corresponds to the phase of NaCl
[19,20], confirming that the filler had strong adsorp-
tion to Cl�.

The SEM photograph showed that the filler was a
porous material with rough surface ((A) and (B) of
Fig. 7). The specific surface area was 1.1m2/g
measured through the method of nitrogen adsorption.
Also, the porous structure can improve electron
transfer efficiency and increase the electron pairs of
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the micro-electrolysis process [7,8]. The large specific
surface area and the number of cavities make electric
adsorption possible. Thus, the filler had a strong Cl�

adsorption ability and CODCr degradation ability. As
can be seen, surface of the cavity wall inside the

adsorbed filler ((C) and (D) of Fig. 8) was almost
completely covered and attached to many folded
crystals. Obviously, these crystalline substances were
NaCl particles. The six-side body structure did not
exist here because NaCl grew on a non-directional
pattern on the irregular surface. Micro current was
generated between the cathode and the anode in the
process of micro-electrolysis, and a miniature electric
field formed in the cavity. Na+ and Cl� moving in
opposite directions may also lead to the formation of
the folded crystal [21,22].

3.3. Treatment of actual salinity wastewater

To test the removal abilities of the iron-carbon
alloy and the optimum reaction conditions, we
studied three kinds of practical salinity wastewater
through single-factor experiments. The effluent water
quality was analyzed after the reaction. The CODCr

removal rate of these practical wastewater samples
was higher than 55%. The Cl� removal rates were 27,
30 and 25%, respectively, (Fig. 8). Compared with the
raw wastewater, these three kinds of wastewater after
micro electrolysis process all had a remarkable
increase in the oxygen consumption rate and a
remarkable improvement in biodegradation. From
Figs. 9–11, the oxygen consumption curves of waste-
water after micro-electrolysis were high, indicating
that the biodegradability of these three kinds of
wastewater was improved significantly [23].
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Fig. 7. SEM photograph of fillers before and after reaction.
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4. Conclusions

The iron-carbon alloy filler in this study had
good treatment effect for Cl� in wastewater. While
there were many removal pathways including oxi-
dizing Cl� into Cl2, flocculation, adsorption, etc., the
main pathway was electric adsorption caused by
micro-electrolysis process. XRD results showed that
the filler had the capacity to adsorp NaCl. A SEM
photograph revealed that there wasere a lot of
cavities in the interior of the filler, making the for-
mation of micro-electric field easy. The irregular
cavity surface also caused the appearance of folded
NaCl crystals.

For high salinity wastewater, micro-electrolysis
with iron-carbon alloy was a feasible technology.
Under optimum conditions, the CODCr removal rate
of some wastewater was higher than 60% and the
biodegradability of wastewater was greatly
improved. The content of Cl� had no inhibitory
effect on the CODCr removal efficiency. This method
was suitable for pretreatment of the salinity waste-
water because of the simple process flow and
shorter processing time.
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