¢/ Desalination and Water Treatment
www.deswater.com

() doi: 10.5004/dwt.2021.27489

232 (2021) 105-113
August

Coking wastewater treatment by coagulation coupled with Fenton and

hydrodynamic cavitation/Fenton

Xinggiao Feng, Riya Jin*, Yina Qiao, Zengdi He, Kun Wang, Chaoqi Wang, Yanrong Lu,

Yufan Zhang

School of Environment and Safety Engineering, North University of China, Taiyuan 030051, China, emails: jrya@nuc.edu.cn (R. Jin),
fxq1040@foxmail.com (X. Feng), 308353817@qq.com (Y. Qiao), 1423947555@qq.com (Z. He), 1397285850@qq.com (K. Wang),
937711941@qq.com (C. Wang), lyr4080@163.com (Y. Lu), 540569045@qq.com (Y. Zhang)

Received 20 December 2020; Accepted 1 June 2021

ABSTRACT

In the present study, chemical oxygen demand (COD) was taken as the primary aspect of
investigation in order to evaluate the efficiency of advanced treatment of coking wastewater by
coagulation—flocculation coupled with Fenton and hydrodynamic cavitation (HC)/Fenton. The
coagulation process had a COD removal rate of 71.49% with the FeCl, = 800 mg/L, pH of raw water,
and no flocculant polyacrylamide (PAM) added. Further treatment of Fenton and HC/Fenton was
carried out on the coagulated effluent. Using Fenton processes, it was investigated the dosage,
reaction time and the influence of mole ratio of HZOZ:FeZ*. It was proven, that the molar ratio of
HZOZ:FQZ*= 4:1, H,O,= 50 mM, reaction for 80min, the total removal rate was 88.83%, met emission
standards. HC/Fenton process was applied at the same Fenton ratio and dosage, and the total
removal rate was 98.51% at 40 min, with a remaining COD = 3.4 mg/L, being almost completely
removed. Fenton dosage was 30 mM for a 50 min reaction in HC/Fenton process, the obtained
total removal rate being 87.91%, with a remaining of COD = 27.66 mg/L, which meets the 40 mg/L
stipulated in the Emission standard of pollutants for coking chemical industry (GB16171-2012).
HC/Fenton increased the reaction rate, which was three times higher than that of Fenton process,
and reducing in this way the amount of applied Fenton reagent. Meanwhile, the cost-efficiency
of each process is calculated, the coagulation-Fenton process cost reaching 4.205 CNY/m? and the
coagulation-HC/Fenton cost of 7.75 CNY/m?®.

Keywords: Coking wastewater; Coagulation; Fenton; Hydrodynamic cavitation; Chemical oxygen
demand

1. Introduction

Coking wastewater is toxic and harmful wastewater
produced in the process of high-temperature coalification,
gas purification, and chemical product refining in coking
plants [1]. The coking wastewater mainly comes from the
gas condensate in the initial cooling section, at the sepa-
ration of water in the crude benzene section, the washing
water of the used gas in the final cooling section and at the
gas generating section. In the process of coke production,

* Corresponding author.

a large number of pollutants such as cyanides, phenol,
quinolines, thiocyanate, indoles, and pyridines as well
as a variety of refractory organic compounds, polycyclic
aromatic hydrocarbons (PAHs), persistent organic pollut-
ants (POPs), chemical oxygen demand (COD), etc. [1-5]
would cause high toxicity of coking wastewater. These
components in coking wastewater have various pollution
effects on the environment, especially the phenolic com-
pounds, which are highly toxic substances according to
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Regulation (EC) No 1272/2008 [EU-GHS-CLP] [6]. Phenols
have a direct toxic effect on various biological cells/systems,
leading to dizziness and insomnia, and having a corrosive
effect on the mucosal epidermis, being able to cause signif-
icant harm to human beings, aquatic products, and crops
[7,8]. Therefore, it is essential to treat coking wastewater.

Nowadays, there are many investigations on coking
wastewater remediation. The literature showed that micro-
organisms can have a remarkable effect on the treatment
of coking wastewater [9-12]. The most common physico-
chemical processes used for coking wastewater treatment
are based on coagulation/flocculation, reverse osmosis
[13], adsorption [14-16], and advanced oxidation processes
(AOPs).

Coagulation is an easy to operate, cost-efficient, and
effective method which has been successfully applied to
the remediation of coking wastewater [17,18]. Selection
of the suitable coagulant, determination of best opera-
tional/experimental conditions, assessments of pH effect,
and investigation of optimal dosage are necessary for the
optimization of the performance.

AOPs over the past years have made these processes
more cost-competitive compared to the traditional water
treatment processes such as activated carbon. Studies
revealed that the advanced oxidation methods used in cok-
ing wastewater treatment at present mainly could include
catalytic oxidation [17,18], electrochemical oxidation [19],
Fenton-based and, micro-electrolysis process [20]. Among
them, Fenton is widely used because of its simple oper-
ation, economic efficiency, and no secondary pollution
[21]. The Fenton oxidation process refers to the reaction of
H,O, and Fe*(1) in an acidic solution to produce hydroxyl
radicals (*OH). This is a highly oxidizing substance
that is responsible for degrading pollutants [22]:

H,O, + Fe** — Fe** + *OH + OH~ 1)

k=63 M's™

Chu et al. [5] used a separate Fenton process to treat
coking wastewater, reacted for 1 h at pH < 6.5, and the COD
removal rate was 44%-50%, which improved the biodegrad-
ability of wastewater. Jiang et al. [16] used Fenton combined
with biological activated carbon process for treating cok-
ing plant effluent showing that the combined method con-
sistently produced a final effluent of COD < 50 mg/L and
total cyanide <0.5 mg/L. Thus, the combined approach of
Fenton can be considered an effective method.

To reduce the use of harmful chemicals and shorten the
reaction time, further improvement of treatment progress is
necessary, enabling the development of a cost-efficient and
viable technology from engineering for coking wastewa-
ter treatment. Co-conditioning the coking wastewater with
Fenton and HC was a competitive pathway to reduce the
reaction time and process costs. HC can degrade organic
matter in coking wastewater in three ways: using mechanical
[23], pyrolysis [24], and supercritical oxidation [25-28].
There are already some reports of the usage of HC combined
with other AOPs, because when is combined with other
AOPs, it has a significantly enhanced number of produced
radicals, exhibiting a synergic-based performance [29].

At present, the HC/Fenton system has been demonstrated
in several publications to be efficient for the elimination of
organic contaminants [30-33].

Taking into account the aspects mentioned above,
the purpose of this work is the investigation of a hybrid
method for advanced remediation of coking wastewa-
ter to reach the legal discharge limits in China in natural
waters (COD < 40 mg/L). The coking wastewater was pre-
treatment by a coagulation/flocculation process and then
the efficiency of Fenton and HC/Fenton techniques were
evaluated. The research results provided a solid foun-
dation for the application of HC and Fenton in coking
wastewater treatment.

2. Material and methods
2.1. Material

Coking wastewater after biochemical treatment was col-
lected with a polyethylene bucket from a coking plant in
Shanxi, China. The samples were stored at 4°C without any
pre-treatment. Table 1 indicates the main characteristics of
the wastewater used in the experiments.

Ferric chloride (FeCl,), polyaluminium chloride (PAC),
polyferric sulphate (PFS), polyacrylamide (PAM) are all
analytically pure purchased from Sinopharm Chemical
Reagent Co., Ltd., (Shanghai, China). Sodium hydrox-
ide, sulfuric acid, ferrous sulfate, and hydrogen peroxide
were all analytically pure purchased from Tianjin Kemiou
Chemical Reagent Co., Ltd., (Tianjin, China).

2.2. Experimental set-up

In this work, HC equipment is shown in Fig. 1. The
equipment is composed of a cistern, a booster pump (rated
power 2.2 kW, rated flow 2 m*h, head 81 m), and regulat-
ing valves (V,, V,, and V,). The cavitation generator was
fitted in the main line and the flow rate of main line was
controlled through the bypass line. The cistern was designed
with a cooling shroud to adjust the temperature of the liquid.
Pressure gauges were set to measure the inlet pressure and
fully recovered pressure downstream. A flowmeter was
installed on the main line to measure the flow rate. The per-
forated plate was used as a cavitation generator with a plate
thickness of 5 mm, outside diameter of 45 mm. The plate
had 22 holes with a diameter of each hole being 1.5 mm.
The dimensions of the orifice plate were shown in Fig. 2,
Table 2 shows the components and functions of the device.

2.3. Analytical method

In this study, pH was determined by a pH meter (ZD-
2, Shanghai INESA Scientific Instrument Co., Ltd., Shanghai,

Table 1
Coking wastewater characteristics

COD (mg/L) 228.76
NH,-N (mg/L) 1~2
pH 7.5
Total suspended solids (mg/L) 61.4
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China). The COD was determined by the potassium dichro-
mate method with a procedure from the National Standard
of the People’s Republic of China (GB/T 11914-1989).
The COD removal rate is calculated by the following equation:

COD, =(VO—V1)><Cx8x1’?/OO

@)

where C is the concentration of ammonium iron(Il) sulfate
(FAS) standard solution (mol/L); V, is the volume of FAS
standard solution when titrating blank (mL); V, is the vol-
ume of FAS standard solution when titrating water sample
(mL); V is the water sample volume (mL); 8 is the Oxygen
(1/20) molar mass (g/mol).

2.4. Experimental method
2.4.1. Coagulation/flocculation

Coagulant was added to the coking wastewater at
room temperature. The mixture was stirred at 200 rpm for
2 min followed by 50 rpm for 30 min using a Coagulation
Test Stirrer (model MY3000-6B, Wuhan Meiyu Instrument
Co., Ltd., China). After stirring, the floc was allowed to
settle for 30 min for sedimentation, and then the COD con-
tent was determined by sampling from 2 cm below the
liquid surface. For this experiment, the effect of pH, coag-
ulant type, and dosage was investigated on COD removal.

p2 P1

Orifice plate

Flowmeter

¥3

Water in

" Water out

Tank

.. Cooling jacket

| -
V1
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Fig. 1. Schematic diagram of HC experimental device.

Table 2
The components and functions of the HC device

Afterward, the coagulation effluent is prepared for the next
steps of Fenton oxidation and HC/Fenton.

2.4.2. Fenton’s reagent

After coagulation, coking wastewater was transferred
into the Fenton oxidation reactor for further advanced
treatment. The stock solution of Fe*” was prepared by dis-
solving FeSO,7H,O in distilled water. In addition to the
iron sulfate reagent, 30% H,O, was used in the oxidation
process. All Fenton experiments were carried out at room
temperature. First, 500 mL coagulation treated coking
wastewater was put into a beaker, and placed on the coag-
ulation test stirrer. pH was adjusted to the ideal value using
H,SO, and NaOH before the start of oxidation process.
FeSO,7H,0O and H,O, solutions were added into the bea-
ker, vigorously (200 rpm) and gently (50 rpm) stirred for
1 and 60 min, respectively static precipitated, then 100 mL
supernatant was taken out, and NaOH was used to adjust
pH to 10. The supernatant was heated with stirring to 80°C
rapidly to terminate this reaction [34]. The values of COD
also were measured by the potassium dichromate method.

2.4.3. HC/Fenton

A self-designed cavitation instrument was used in this
experiment. The schematic diagram of the experimental

Unite:mm

Fig. 2. Dimensions of the orifice plate.

Device composition = Model and manufacturer

Booster pump

Water tank

Condensing tube Made with rubber hose

Valve Stainless steel, DN40 ball valve
Pipeline

Flow meter

Pressure gauge

Model: CDLF-100 (Shanghai Yuquan Pump Co., Ltd., Shanghai, China)
Made of PVC material, dimensions 500 mm x 500 mm x 600 mm, thickness: 5 mm, capacity: 150 L

The main pipeline is made of stainless steel. The side piping is made of PVC and the pipe diameter is DN40.
Model: LWSY-25, measuring range 1-10 m*h™ (Dongtai Dongxing Instrument Factory, China)
Model: BD-801K, Range 0-1.0 Mpa (Shanghai Kaixun Technology Co., Ltd., China)
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device and dimensions of the orifice plate is shown in
Figs. 1 and 2, respectively. A 50 L coke plant wastewater
after coagulation/flocculation was added to the cavitation
water tank. The initial pH was adjusted to the desired val-
ues by H,SO, and NaOH. Turned the cavitation equipment
on and rotated valves to adjust the inlet pressure to optimum
condition (0.4 MPa, from pre-experiment result [35]). Fenton
reagents were added into the tank when the inlet pressure
was stable. A condenser was used to maintain the opti-
mum cavitation temperature at 35°C-38°C during the reac-
tion stage. Every 10 min, 200 mL of solutions were sampled
for analysis. Each treatment was repeated for three times.

3. Results and discussion
3.1. Coagulation/flocculation stage

The results of coagulant selection and optimization
are shown in Fig. 3.

3.1.1. Coagulant selection and pH influence for
COD reduction

The effects of COD removal by PAC, PFS, FeCl,
PAC+PFS, and PAC+FeCl, are compared in Fig. 3A.
At the same dosage (600 mg/L) at initial pH = 7.5, FeCl,
was the most effective coagulant which the COD removal
rate was 57.11%. Therefore, FeCl, was selected for
coagulation in this study.
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The effectiveness of COD removal with pH was eval-
uated at FeCl, = 600 mg/L. As shown in Fig. 3B, pH in the
range of 4-9, the COD reduced with the pH increased,
the maximum removal rate of 69.88% when pH = 7 and
8. When pH continued to increase, the removal rate of
COD showed a downward trend. With a low pH value,
organic acids are produced by a large amount of H* react
with organic ligands in the solution, which reduced the
colloidal particles adsorbed around the coagulant, and
the charge neutralization and adsorption bridging mech-
anisms were weakened, thus, the coagulation effect is
poor. Under basic conditions, the Fe* reacts with the OH~
to form Fe(OH), or Fe(OH);,. Fe** in the forms of Fe(OH),
and Fe(OH); with neutral and negative charge loss its abil-
ity to neutralize the negatively charged colloidal system
of coking wastewater [36]. At the same time, Fe(OH), that
formed by Fe?* react with OH™ can promote the flocculation
as a flocculant and promoted the best destabilization and
aggregation of colloids. Meanwhile, in this study, in order
to save the agent, pH 7.5 (original value) was selected for
coagulation.

3.1.2. Effect of coagulant dosage

The COD removal efficiency was evaluated by using
FeCl, with different dosages (400-1,600 mg/L). Fig. 3C
shows that the COD removal was found to increase from
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Fig. 3. (A) The effect of coagulant types on COD removal at pH = 7.5 and coagulant 600 mg/L, (B) The effect of pH on COD removal
with FeCl, Conc. 600 mg/L, (C) The effect dosage of FeCl, on COD removal at pH =7.5 and (D) The effect dosage of PAM on COD

removal while pH = 7.5, FeCl, = 800 mg/L.
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67.15% to 71.49% when the dosage of FeCl, was increased
from 400 to 800 mg/L. The reduction COD was found to
decrease to 70.41% and 63.84% when the dosage of FeCl,
was further increased to 1,600 mg/L. Generally, there is an
optimal dosage range in coagulation systems with com-
pression double layer and charge neutralization as the
main mechanism. Beyond this range, the removal rate
decreases gradually due to the charge reversal. When FeCl,
is added to the wastewater, floc was formed by the reac-
tion of Fe*" and colloidal particles with compression dou-
ble layer, charge neutralization and absorption bridge,
which deceased COD. When the amount of FeCl, was in
excess, the colloid was stabilized again as a result of charge
repulsion due to the presence of excess positively charged
ions. When FeCl, was 800 mg/L, the COD removal rate
was the highest. So FeCl, dosage was selected as 800 mg/L.

3.1.3. Influence of PAM dosage

PAM dosage (1-5 mg/L) was investigated at pH = 7.5
and FeCl, injection amount was 800 mg/L. From Fig. 3D, the
removal effect of COD was poor after adding PAM. This is
because the flocs generated by the hydrolysis of FeCl, are
large and easy to settle, while the polymer chains gener-
ated by the addition of PAM will cover the colloidal par-
ticles, making the colloidal particles unable to condense
and settle. Therefore, PAM was not used. In conclusion, the
best coagulation condition was that FeCl, was selected as a
coagulant, with pH = 7.5, FeCl, = 800 mg/L, PAM = 0 mg/L,
and COD removal rate was 70.27%. After 20 repeated
experiments, the final remaining COD stabilized at about
68 mg/L. Table 3 shows the water quality after coagulation.

3.2. Chemical oxidation by Fenton reagent

From Table 3, the addition of FeCl, would reduce the
pH of wastewater. The pH of the coagulation effluent
was 3. Numerous studies have shown that the pH of the
Fenton reaction is 2—4.5 [20,37], so the pH of the wastewa-
ter is not adjusted for the oxidation experiment. The water
samples used in the following experiments are all coagu-
lation effluent (COD = 68 mg/L).

3.2.1. Influence of mole ratio of H,O,:Fe**

The relationship between COD removal effect and molar
of H)O, to Fe* ratio is shown in Fig. 4A. When n(H,O,):
n(Fe**) = 2:1 and 4:1, the removal rate was the best, 65.14%
and 63.15%, respectively. Both of the removal rate of COD
was similar. The reduction of COD decreased as Fe* was
decreased [38]. The main reason is that when Fe* concentra-
tion is too low, Fe* reacts slowly with H,O, and little *OH

Table 3
Comparison of water samples before coagulation and after
coagulation

Scheme COD (mg/L) pH
Raw water 228.76 7.5
After coagulation 68 3

is produced. n(H,O,):n(Fe*) = 4:1 is used in order to avoid
excessive production of iron sludge and waste of agents.

3.2.2. Effect of Fenton dosage and oxidation time

In Fig. 4B, with the increase of Fenton reagent con-
centration, the COD removal rate was increased. When
the dosage of H,O, was 50 mM/L (H,O,/COD = 0.74), the
COD reduction reached 38.6%, and the COD in the water
was 41.75 mg/L, close to the discharge standard of 40 mg/L.
The COD content was further reduced with reaction time
extended appropriately, as shown in Fig. 4C.

The COD content increased slightly before 20 min,
decreased to the initial value at 40 min, then continued to
decrease. Most organic compounds can be oxidized based
on the detection method of COD, straight-chain aliphatic
compounds can be oxidized entirely by acid potassium
dichromate when Ag SO, was existed as a catalyst, while
other organic compounds were more difficult to be oxi-
dized, for example, aromatic compounds, pyridine and vol-
atile straight-chain aliphatic compounds [39]. The reduced
oxidation effects were due to the lower contact area with
the vapor phase and oxidant solution. The reason for COD
content increased in this experiment can be explained as
undetectable COD in the raw water can be detected after
oxidation treatment due to insufficient *OH production at
the beginning of Fenton reaction. Large-molecule organ-
ics and polycyclic aromatic hydrocarbons in the raw water
can be transformed into small molecules and chain-like
organics under weak oxidizing conditions, respectively.
They were oxidized by acidic potassium dichromate, and
leaded to an increased COD content. *OH radicals were
generated in large quantities during the stable period of the
reaction, and further oxidized the small-molecule organics.
Thus, the content of COD was decreased in reaction solu-
tions. When the reaction time reached 80 min, the COD
reduction was 62.41% and the content was 25.56 mg/L,
which met the emission standard (40 mg/L). This is because
with the extension of reaction time, the amount of *OH pro-
duced increases so that the removal rate of COD increases.

3.3. HC/Fenton process
3.3.1. HC alone process

In order to compare the effects of the single method
and the combined method, we conducted a separate
HC experiment without the addition of an oxidant.
Interestingly, we found results that are contrary to other
experiments. As shown in Fig. 5, with the increase of HC
time, COD increased gradually. Wang et al. [40] used HC
alone treatment of landfill leachate, COD has also seen
the rise of the phenomenon.

The phenomenon can be explained as follows: the effi-
ciency of HC is low, which produced fewer and less active
free radicals. The macromolecular organics substances
in coking wastewater are decomposed into lower mole-
cule weight organics matters and the organic ring com-
pounds are opened into chain compounds through high
mechanical shear force, pyrolysis, and minimal free radical
action [41]. Coking wastewater contains a variety of com-
plex organic compounds, especially aromatic substances
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Fig. 5. The change of COD removal rate with HC alone.

with a benzene ring. These complex organic compounds
were oxidized to chain hydrocarbon secondary molecules
after HC treatment, which were easier to be oxidized by
potassium dichromate, and increased COD level [40].

3.3.2. Effect of Fenton dosage and oxidation time in
HC/Fenton process

The removal of COD by different concentrations of the
Fenton reagent combined with HC was investigated. The
results are shown in Fig. 6. Almost all oxidation was com-
pleted with 50 mM/L H,0, at 40 min, COD reduction was
95%, and the remaining COD was 3.4 mg/L. The reduction
of COD was 29.04% and 59.34% after 50 min treatment at
the H,O, dosage of 10 and 30 mMY/L, respectively. When
the adding amount was 30 mM/L, the residual COD was
27.66 mg/L, which met the emission standards. COD removal
rate rose slowly after 50 min reaction, which may be due to
that a small amount of Fenton was consumed completely.

The COD removal rate was significantly improved after
the combination of the HC and Fenton methods, so there
was a synergistic effect between the HC and Fenton process.
The combination of the two methods makes up for the lim-
itations of the single method: the micro-jet produced by HC
increased the contact area between pollutants and Fenton
reagent, improved the utilization rate of the Fenton reagent,
and the reaction rate was accelerated. Besides, the HC itself
also produced a part of *OH that could react with organic
matter. Meanwhile, *OH produced by the Fenton reaction
can make up for the shortage of free radicals generated by
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HC. The two methods have synergistic effect and reinforce
each other, so that the COD removal rate can be improved
significantly.

The average reaction rate of the Fenton process alone
for 80 min and the HC/Fenton process for 40 min were
0.5305 and 1.615 mg/min, separately. The reaction rate of
the HC/Fenton process is about three times as fast as that
of Fenton alone.

4. Cavitational yield and total treatment cost

According to the method from literatures [25,42,43], we
calculated the cavitation yield. It was meaningless to cal-
culate the cavitation yield of HC alone since the HC alone
rose the COD. Therefore, we only calculated the cavitation

—=— H,0,=50mM/L
109 | o1 0-30mML
——H,0,~10mM/L
0.8+
& 0.6-
=
?
o 0.4
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0.2+
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Fig. 6. The effects of different concentrations of H,O, based on
HC on COD removal

Table 4
Comparison of different processes in terms of cavitational yield

yield of HC/Fenton. From Table 4, on the premise of ensur-
ing high COD removal rate, the maximum cavitation yield of
HC loadings of H,O, 50 mM/L is 5.83 mg/] x 10 mg/J], when
energy utilization was highest and COD was almost com-
pletely removed.

Table 5 shows the costs of each process. In the coagula-
tion process, the amount of FeCl, is 800 mg/L, FeCl, (96%)
cost is 3,000 CNY/t from Shandong Zhizheng International
Trade Co. Ltd., (Shandong, China). The coagulation cost
was 2.4 CNY/t.

Taking all these into account, the total COD reduc-
tion of coagulation-HC/Fenton process was 98.51%, and
the total cost was 7.75 CNY/m?®. Although coagulation-HC/
Fenton is more expensive than coagulation-Fenton, the
HC/Fenton improved the reaction rate and utilization of
the oxidant, thereby reducing the secondary harm to the
environment caused by the excessive oxidant.

5. Conclusions

This study presents a general scheme for determining
the optimal combination treatment line for coking wastewa-
ter. With COD as the evaluation index, this scheme should
include coagulation studies in the first stage and then
AOPs were used for chemical treatment.

In the coagulation/flocculation process, ferric chloride
has the best effect on the reduction of COD from coking
wastewater. The optimal conditions selected were the natu-
ral pH of 7.5 and a coagulant dosage of 800 mg/L of such
reagent. The process of coagulation combined with Fenton
led to higher COD reduction, but in this way, the treatment
time was increased and the COD was not removed entirely.

The combination of the HC/Fenton process and coag-
ulation pretreatment showed a COD removal of 98.51%
(final COD of 3.4 mg/L) with an H,0, consumption of 50 mM
in 40 min. The reaction rate of the HC/Fenton process is three

Scheme H,O, Conc. COD Cavitational Energy required
(mM/L) reduction (%) Yield x 10~ (mg/]) (kWh)

HC - —44.44 - -

HC/Fenton® 10 29.04 1.78 0.1061

HC/Fenton® 30 59.34 3.64 0.0519

HC/Fenton* 50 95.00 5.83 0.0324

Note: “Electrical energy cost = 0.5 CNY/kWh; "H,O, (30%) cost = 1,050 CNY/t from Guangzhou Jielong Chemical Co. Ltd., Guangdong, China;
FeSO,7H,0 (99%) cost = 350 CNY/t from Renqiu Pengyu Chemical Co. Ltd., Hebei, China.

Table 5

Total treatment cost of each process
Scheme COD (mg/L) COD reduction (%) Cost (CNY/m?)
Raw wastewater 228.76 0 0
Coagulation 68 70.27 2.4
Coagulation-Fenton 25.56 88.83 4.205
Coagulation-HC/Fenton 3.4 98.51 7.75
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times higher than that of Fenton itself. HC combined with
Fenton also can significantly improve the energy efficiency.
Under these conditions the coking wastewater treated can be
discharged in natural water bodies.

In conclusion, the HC/Fenton process can be an economi-
cal, efficient, and low-energy consumption method, which is
of great significance for practical industrial application.
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