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ABSTRACT
The iron-carbon (Fe/C) micro-electrolysis method was used to dispose trichloroethylene (TCE) and tetrachlo-
roethylene (PCE) of polluted groundwater, and several factors such as the mass ratio of Fe/C, the
characteristics of activated carbon, the particle size of iron powder and influent pH were investigated. The
optimal conditions were acquired. The mass ratio of Fe/C was 1:1, coconut shell charcoal and 30-mesh iron
powder were used, and influent pH was 5. Under the optimal conditions, mixed solution of TCE and PCE
was treated by Fe/C micro-electrolysis method and the tests got 82.4% of the TCE removal rate and 59.4%
of the PCE removal rate.
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INTRODUCTION

Chlorinated organic compounds have been found to be the
major contaminants in groundwater (Wust et al. 1999, Kao
et al. 2000), two typical chlorinated organic compounds are
trichloroethene (TCE) and tetrachloroethene (PCE). Both of
them are commonly used as solvent for cleaning and
degreasing purposes, but they are carcinogens (Farrell et al.
2000, Erto et al. 2011). In the light of their persistence in the
hydrogeological environment and the carcinogenic identity,
remediation of groundwater containing TCE and PCE is
needed (Yeh et al. 1991). Up to now, quite a few methods
have been developed to remove TCE and PCE from water,
such as chemical reduction (Cheng et al. 2000, Obiri-Nyarko
et al. 2014), active carbon adsorption (Miyake et al. 2003,
Su et al. 2013), electrochemical method (Lakshmipathiraj et
al. 2014, Luo et al. 2014). The chemical reduction method is
to add zero-valent metal to enable the oxidation-reduction
reaction with TCE or PCE, and the reaction is fast and can
result in large amount of removal, however, the reaction may
be inhibited by precipitate which is deposited on the metal
surface. It is a traditional method to remove TCE or PCE
adsorption on activated carbon or minerals. This method has
advantages of simple operation and low cost, but it has slow
adsorption rate, difficult for regeneration and slow reaction
speed. Electrochemical methods such as electrochemical re-
duction and oxidation are most promising and can transform
chlorinated contaminants to non-toxic hydrocarbons (Jin et
al. 2003). Electrochemical methods depend on the proper
selection of the anode and cathode materials to enhance
dechlorination efficiency. At present, electro-chemical treat-

ment of chlorinated organic contaminants has received more
attention due to its fast reaction rate, complete reaction and
no secondary pollution (Wang et al. 2006). Based on the
removal of chlorinated contaminants on iron and activated
carbon, the present work aims to design a micro-electrolysis
system of Fe-C for removal of TCE and PCE which can speed
up the rate of reaction and maximize the use of the proposed
composites. Micro-electrolysis is based on the reaction of a
galvanic cell, in which electrons are supplied from the gal-
vanic corrosion of many micro-scale sacrificial anodes
(Zhang et al. 2015). The iron and carbon in cast iron scrap
can form a primary battery in the electrolyte solution. The
products of electrode have activity, and can cause electro-
coagulation and redox reaction with many components.
Therefore, the organic compounds are decomposed (Ning et
al. 2015). The objectives of this study were to confirm the
effectiveness of  TCE and PCE dechlorination by Fe/C, and
to identify the best treatment conditions, to explore the
mechanism and pathway of TCE and PCE dechlorination.

MATERIALS AND METHODS

Chlorinated compounds TCE, PCE and methanol were ob-
tained from the chemical reagent store. TCE stock solution
was prepared by weighting 100 mg of pure TCE solvent to
dissolve in 100 mL of methanol. PCE was prepared the same
way. TCE and PCE aqueous solutions were prepared by di-
luting the stock solution with groundwater to 100 mg/L. The
groundwater quality is given in Table 1. Reduced iron pow-
der of 30 mesh and 50 mesh from commercial were used and
the iron powder purity was 98.5%. Two kinds of activated
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carbon from commercial were used, one was coconut shell
carbon (CC), the other was nut shell carbon (NC). The physi-
cal and chemical parameters of the activated carbon are in-
cluded in Table 2.

The concentrations of TCE and PCE were determined
by using the gas chromatography with the method of Hexane
extraction. The conditions of gas chromatography are as fol-
lows: split injection, the injection volume 1 µL, flow rate of
carrier gas 1 mL/min, split ratio 35:1, 62 mL/min tail gas
flow rate. The temperature was set as follows: oven tem-
perature: 60°C, injection port temperature: 210°C, detector
temperature: 280°C.

RESULTS AND DISCUSSION

The effects of activated carbon characteristics: For inves-
tigating the effects of activated carbon characteristics on TCE
and PCE removal, coconut shell activated carbon and nut
shell activated carbon were respectively used for micro-elec-
trolysis material combined with iron powder. Under the con-
ditions of pH of 7.3, temperature of 25°C, oscillation rate of
120 r/min, the conical flasks filled with TCE , PCE and iron-
carbon were put in the oscillation for reaction, every 0.5 h
samples were taken and TCE and PCE concentrations were
measured. The experimental results are shown in Fig. 1.

The research results indicated that CC/iron and NC/iron
all have a rather strong promotional effect on removing of
TCE and PCE. As the reaction time varied from 0~2.5 h,
TCE and PCE removal rates were increased by different mi-
cro-electrolysis materials and the removal rates of 2.5 h had
already reached more than 78%. But the differences in re-
moval rates existed because of micro-electrolysis materials
made up of different activated carbons. On the removal of
TCE, CC was 84.6%, higher than NC of 81.6%. On the re-
moval of PCE, CC was 80.9%, higher than NC of 78.1%.
The specific surface area of CC is bigger than NC, CC as
anode produced a good effect in micro-electrolysis.

The effects of iron characteristics: For investigating the
effects of iron powder characteristics on TCE and PCE re-
moval, the iron power of 30 mesh and the iron power of 50
mesh were respectively used for micro-electrolysis mate-
rial combined with CC. Under the conditions of pH of 7.3,
temperature of 25°C, oscillation rate of 120 r/min, the coni-
cal flasks filled with TCE , PCE and Fe/C were put in the
oscillation for reaction, every 0.5 h samples were taken and
TCE and PCE concentrations were measured. The experi-
mental results are shown in Fig. 2.

The research results indicated that the iron of 30 mesh
and the iron of 50 mesh all had a good effect on removing
of TCE and PCE. As the reaction time varied from 0~2.5 h,
TCE and PCE removal rates were increasing by different
mesh of iron powder and the removal rates of 2.5 h had al-
ready reached more than 79%. But the differences of re-
moval rates existed because of micro-electrolysis materials
made up of different mesh of iron powder. On the removal
of TCE, the iron of 30 mesh was 86.1%, which was higher
than the iron of 50 mesh of 84.2%. On the removal of PCE,
the iron of 30 mesh was 82.9%, higher than the iron of 50
mesh of 80.6%. The specific surface area of CC is bigger
than NC, CC as anode produced a good effect in micro-
electrolysis.

The iron powder of 30 mesh has smaller size than the
iron powder of 50 mesh. The iron with small size was of
large specific surface area and can more effectively contact
with TCE and PCE and accelerate the electrochemical reac-
tion rate.

The effects of the mass ratio of Fe/C: For investigating the
effects of  the quality ratio of iron/carbon on TCE and PCE
removal, three micro-electrolysis material with a different
quality ratio of iron/carbon were used for disposing TCE
and PCE. Under the conditions of pH of 7.3, temperature of
25°C, oscillation rate of 120 r/min, the conical flasks filled
with TCE, PCE and iron-carbon were put in the oscillation
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Fig. 1: The effect of activated carbon characteristics. Fig. 2: The effect of iron characteristics.
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for reaction, every 0.5 h samples were taken and TCE and
PCE concentrations were measured.

The results are shown in Fig. 3. With the reaction time
increasing, TCE and PCE removal rate also increased at dif-
ferent quality ratio of Fe/C. At 2.5 h, TCE removal rate of
the mass ratio of 1:1 was 86.1%, and higher than that of 2:1
and that of 1:2. At 2.5 h, PCE removal rate, of quality ratio
of 1:1, was 82.9%, and higher than that of  2:1 and that of
1:2. The results showed that for the removal of TCE and
PCE, Fe/C ratio had a great influence on the results of the
experiment. When the iron carbon mass ratio was 1:1, the
experimental treatment effect was the best. Insufficient
amount of activated carbon or iron powder could reduce the
reaction rate. The amount of activated carbon is less than the
amount of iron, the amount of primary battery is not enough,
which makes the removal rate lower. When the amount of
activated carbon is more than the amount of iron, activated
carbon can physically adsorb pollutants and block the gen-
eration of primary battery.

Table 2: The physical and chemical parameters of  the activated carbon.

Name Particle size (mm) Specific surface area (m2/g) Iodine value (mg/g) Benzene adsorption (mg/g)

CC 0.4-3 690-1500 700-1100 450
NC 1.5-4 900-1100 600-900 45

Table 1: The groundwater quality.

Compounds Concentrations (mg/L) Compounds Concentrations (mg/L)

K+ 1.52 NH4
+ 0.05

Na+ 15.21 Cl- 40.28
Ca2+ 75.84 NO3

- 8.47
Mg2+ 47.2 SO4

2- 54.27
Fe3+ 0.27 pH (unitless) 7.3
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Fig. 3: The effect of the mass ratio of Fe/C.

The effects of pH: TCE and PCE treatment effects were in-
vestigated under the conditions of Fe/C mass ratio of 1:1,
water temperature of 25°C and different pH values. Dilute
HCl was used to adjust pH of raw water, and then put raw
water and micro-electrolysis material into the conical flasks,
and put the flasks into the oscillation ark for reaction. Every
0.5 h taking out the water sample and determining the TCE
and PCE in the water. The experimental results are shown
in Fig. 4.

Fig. 4 shows the removal rate of TCE and PCE varied
with different pH values. When reaction time was 2.5 h, re-
moval rate of TCE was 71.3%, 92.1%, 86.1% respectively
at pH of 3, 5, 7, and under the same conditions PCE re-
moval rate was 66.0%, 86.9%, 82.9% respectively. At pH
of 5, the removal rate of TCE and PCE were the highest.
Because at pH of 5 there were more hydrogen ions to accel-
erate reactions and TCE and PCE removal effect were good.
But reducing pH to 3, flocculation of the reaction were hurt
and more ferrous and ferric iron were generated which re-
duced the treatment effect. Under neutral condition, the re-
moval rate of TCE and PCE is higher than pH of 3 but lower
than pH of 5.

Handling of TCE and PCE mixture: The mass ratio of
1:1 of coconut shell carbon and 30 mesh of iron powder were
used for experimental materials. At pH of 5 and the tem-
perature of 25°C, the removal of the mixed TCE and PCE
were carried in the experiment. 1:1 volume ratio of TCE
and PCE were as water solution. Under different reaction
time, the removing effect of TCE and PCE are shown in
Fig. 5.

When the reaction time increased to 2.5 h, removal rate
of TCE and PCE all showed rising trends, but for any time
point, TCE removal rate was higher than the PCE removal
rate. At 2.5 h of reaction, the removal rate of TCE was 82.4%
and the removal rate of PCE was 59.4%, which testified the
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Fig. 5: Removal rate of TCE and PCE mixture.

Fig. 4: The effect of initial pH.

and PCE, the removal rate of TCE was 82.4% and of
PCE was 59.4%.
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TCE removing, inhibited the PCE removing and produced
the competition between TCE and PCE. Low molecular
weight of halogenated hydrocarbon was the best choice for
the reaction of Fe/C micro-electrolysis. It also can be seen
from the Fig. 5 that, before 0.5 h of reaction, the reactive
rate was faster, at 0.5h of reaction TCE removal rate was
55.2%, and PCE removal rate of 32.1%, which was more
than half of the removal rate at 2.5 h. So the reaction time
could be adjusted in the range of 0.5~2.5 h according to the
requirements of the removal efficiency.

CONCLUSION

1 The influencing factors in the experiments were activated
carbon characteristics, particle size of the iron powder,
the mass ratio of Fe/C, and pH. The Fe/C mass ratio and
the influence of pH were the important factors.

2 The optimal reaction conditions were as follows: the mass
ratio of 1:1, coconut shell carbon, 30 mesh iron powder,
solution pH of 5, the temperature of 25°C. According to
the requirement of the treatment effect, the reaction time
could be adjusted within 0.5~2.5 h.

3 Under the optimal conditions of micro-electrolysis,
Fe/C method was used to dispose the components of TCE


