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ABSTRACT

The aim of the present work was to study the oxidation performance as well as activator characteri-
zation of Fe®/ NaZSZO8 system for the treatment of effluent from landfill leachate biochemical process.
A typical persulfate (PS), Na,S,0, was activated by zero-valent iron (Fe°) for the generation of the
sulfate radical (SO, ™) to oxidize the residual pollutants in landfill leachate biochemical effluent. The
effect of various variables including Na,S,0, dosage, Fe® dosage, pH value, and reaction time on the
oxidation efficiency were investigated. The results indicated that the pollutants can be degraded effi-
ciently by the Fe’/Na,S,O; system. Under the working conditions of 2.5 g/L Na,S,0, dosage, 0.5 g/L
Fe® dosage, pH 7, and 12 h reaction time, the removal rates of COD and chroma reached up to 71% and
90%, respectively. Three-dimensional excitation emission matrix fluorescence spectrum (3DEEMFS),
ultraviolet-visible spectrum (UV-vis), and Fourier Transform infrared spectrum (FTIR) illustrated
that the pollution level of dissolved organic matters (DOM) in the wastewater samples which had
been disposed by the Fe’/Na,S,0O, system and the humic acids were degraded into the small mole-
cules of fulvic acid. The micro morphology of Fe® was characterized using X-ray diffraction pattern
(XRD), and Scanning electron microscope spectral (SEM). After reaction, it can be found a large
amount of snowflake-like which contained iron oxide attached onto the surface of nano-Fe,O,.

Keywords: Leachate biochemical effluent; Micro morphology; Spectroscopy; Sulfate radical;
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1. Introduction

Landfill leachate is a type of liquid pollutant, in which
the ingredient is singularly complex, and has been included
in the “black list” in China. Nowadays, landfill leachate as
a mainly potential pollution source of surface water and
groundwater is seriously threatening the safety of urban
water environment. Therefore, the treatment of landfill
leachate has attracted a lot of attentions from researchers in
the field of sewage treatment in recent years. Moreover, the
treatment processes should be able to have effective efficien-
cies on the treatment of landfill leachate and avoid second-
ary pollution as much as possible. Biological technology,
given its unique advantages, particularly its operating costs
lower than that of other treatment methods, has become the
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most preferred and most widely used one for landfill leach-
ate treatment [1]. However, after treatment by the biological
process, there are still many residual persistent pollutants
in the effluent, which is a significant challenge for urban
water environment and the wastewater samples need to
be further treated. Advanced oxidation processes (AOPs),
including electro catalytic oxidation [2,3], wet air oxidation
[4,5], microwave oxidation [6], ozonation [7], Fenton [8] or
oxidation like Fenton [9], as well as their involved combi-
nation [10], have been widely applied in the treatment of
wastewater containing different organic compounds that
are non-biodegradable and/or toxic to microorganisms.
The potential advantages of advanced oxidation in the field
of wastewater treatment have been widely concerned, and
many researchers have confirmed that the main mechanism
is the oxidation of -OH (hydroxyl radical).
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In recent years, SO, oxidation has drawn increasing
attention in the treatment of refractory wastewater and
it is deemed to be a promising novel advanced oxidation
technology [11]. It has been reported that the SO, are more
selective than the -OH for the oxidation of organic pollut-
ants. Furthermore, compared with the -OH, the half-life of
SO, is up to 4s, which have adequate time to contact with
contaminants and can achieve its purpose for oxidation
[12]. Previous studies have indicated that a broad spectra of
organic pollutants can be rapidly degraded via SO, oxida-
tion [13]. Because of higher oxidation/reduction potential
(ORP) of SO, (2.6 V) than that of persulfate anions (S5,0,*)
(2.1V), the SO, oxidation technology has a strong oxidative
capacity, as well as its low cost, with both two characteris-
tics which facilitates its potential application in refractory
wastewater treatment [14].

Persulfate is commonly used as a source of the SO, in
laboratory studies and field applications based on its rela-
tively high stability, solubility, and low cost, and often used
in in-situ chemical oxidation [15]. However, oxidation by
persulfates is ineffective under room temperature, and it
always need to be activated for powerful SO, to oxidize
the DOM in the wastewater. Activation of persulfate can be
conducted by various methods, such as heat [16], transition
metal ions [17], or UV light [5]. Using transition metal ions
for the activation of persulfate is the commonly used one.

Applying Fe® to wastewater treatment has become a
research hot spot in recent years. When using Fe® alone to
deal with wastewater contamination, it has all functions
including adsorption, coagulation, and electro chemistry,
etc. [18-20]. The functions mentioned which can degrade
COD, TOC in water, but the ability of degradation is limited
and costly, so using Fe® alone is unsuitable for the practical
wastewater treatment [21].

Analogous to transitional metal ions, Fe®, as a hetero-
geneous catalyst, can also activate PS to generated SO, at
an ambient temperature [22]. Fe®, as an iron source, may
gradually release Fe* so that Fe?* induced scavenging is
minimal and the production of SO, proceeds during a rel-
atively long time, which made it possible that the time is
adequate for the contact reaction between SO, and organic
contaminants. However, using Fe*"/PS system to deal with
polluted water, it can cause the reduction of removal effi-
ciency and the deterioration of the wastewater quality as a
result of the side reaction between Fe** and SO, with dos-
ing Fe?* directly [23]. What’s more, heterogeneous catalyst
Fe® can be recycled to reduce the treatment cost and avoid
the secondary pollution caused by interfering ions. Oh et
al. [24] had used different valence state of iron to activate
persulfate and degrade 2,4-dinitrotoluene, the results found
that the Fe°/PS system is more excellent than that of the
Fe*/PS system, not only in the effect of treatment but also
in steadiness.

Although Fe®/PS system has been widely used for var-
ious wastewater treatments, there is almost no report about
the combined system used for treatment in the field of land-
fill leachate. The aims of this study were to (1) investigate
the various variables (including Na,5,0, dosage, Fe® dos-
age, pH value, and reaction time) on the removal efficiency
of COD and chroma; (2) elucidate the mechanism of COD
and chroma reduce through the analysis of SDEEMFS, and
assist with UV-vis and FTIR analyses for guarantee of the

organic matters with high macromolecule weight degraded
indeed into small molecular organics after treatment of Fe®/
PS system; (3) analyze the micro morphology of Fe® before
and after treatment by XRD and SEM, and further illustrate
the mechanism of COD and chroma removal.

2. Materials and methods
2.1. Characteristics of wastewater samples

The experimental wastewater samples of leachate bio-
chemical effluent was mature leachate leachated from the
domestic garbage landfilled over 10 years, which were
taken from the equalization storage pond of a municipal
solid waste landfill disposal plant in Nanchang City, Jiangxi
Province, PR China. During each sampling, 60 L of land-
fill leachate was collected in the polyethylene bottles pre-
treated by acid, and then transport to the laboratory, stored
in a refrigerator at 4°C. The characteristics of wastewater
sample are as follows: the color is brown and no obvious
odor, the pH is about 5.5-6.5, the COD content is 700-
1300 mg/L, and the chroma is 620-720 times.

2.2. Materials

The chemical reagents used in this paper were all
analytical grade except Fe® powder. The Fe® powder with
1.426 m?/g BET surface was obtained from Shanghai No. 2
Metallurgical Plant. The persulfate (Na,S,0,) and sodium
hydroxide (NaOH) was purchased from Tianjin Hengxing
Chemical Reagent Manufacturing Co., Ltd. Hydrochloric
acid (HCl, 37% Wt) gained from Changzhou Yuantong Fine
Chemical Co., Ltd., Jiangsu.

All reagents used were of analytical grade, and distilled
water was used to prepare all aqueous solution.

2.3. Experimental procedures

Stock solutions of NaOH (25% Wt, dissolving 25 g
NaOH in the 100 ml distilled water) and HCI (10% Wt,
adding 200 ml 35% Wt HCI to 500 ml distilled water)
were prepared prior to each batch experiment for adjust-
ing pH value of wastewater samples. Batch experiments
were conducted in 250 ml conical flask which contained
100 ml leachate biochemical effluent. First, the pH value
of them was adjusted with our pre-prepared stock solu-
tions to meet different experimental requirements. Sec-
ond, appropriate amounts of Na,S,O,, as an oxidant, were
dosed into the leachate and made them mixed quickly
with wastewater samples. Then the mixed solution sub-
sequently added Fe® powder to activate persulfate for
powerful sulfate radical, and placing conical flasks in a
constant temperature oscillator (Model SHZ-A, Shanghai
Jia Exhibition Equipment Co., Ltd.) with setting the tem-
perature of 25°C and rotating at the speed of 130 rpm.
After reacting for a certain time, the mixed solution was
added NaOH (25% Wt) to adjust pH value to alkales-
cence for better flocculated performance and minimizing
the influence of iron flocculant on the removal of chroma.
The supernatant based on above steps was collected for
centrifugation at the speed of 3000 rpm for 15 min. With-
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out any agitation and settled for a certain time (2 h), the
supernatant was withdrawn after centrifugation and was
used for chemical analysis.

2.4. Analytical methods

The COD and chroma were measured according to
the Standard Methods for the Examination of Water and
Wastewater established by the China Environmental Pro-
tection Agency. The pH was measured using a pH-meter
(model PHS-3C). The chemical reagents used in this study
were all of analytical grade. All samples were analyzed at a
room temperature and the results were based on triplicate
analysis.

2.4.1. SDEEMFS

The 3DEEMFS of wastewater samples before and after
treatment was determined using a fluorescence spectropho-
tometer (Hitachi F-2000). The filtered sample was scanned
in a1 cm quartz cell at excitation and emission ranges from
220 nm to 450 nm and from 220 nm to 600 nm, respectively.

2.4.2. UV-vis

The ultraviolet absorption spectrum of wastewater
samples before and after treatment was determined using
an ultraviolet Spectrophotometer (model UV-2450). The fil-
tered sample was scanned in a 1 cm quartz cell in the range
of 190-450 nm.

2.4.3. FTIR

The FTIR of wastewater samples before and after treat-
ment was determined using an infrared spectrophotometer
(model D/Max-RC). Briefly, the wastewater samples before
and after treatment were dried and mixed with pre-dried
KBr powder respectively, and then were both sufficiently
ground and pressed in a pellet which was suitable for FTIR
analysis. FTIR spectroscopy was then conducted and the
spectra were in the range of 4000-400 cm™.

2.4.4. XRD

The XRD of the Fe® before and after used was con-
ducted using an X-ray diffract meter (model D/Max-RC,
Japan) to determine the crystalline phases in the catalyst
with Cu-Ka radiation in the 26 range of 10.00-79.98° at a
scan rate of 4°/min.

2.4.5. SEM

The surface morphology of the Fe® before and after use
was analyzed by SEM (model S-3400N II/HORIBAEX-250,
Japan). The samples were prepared as follows. A small
amount of the sample was fixed on a sample table with the
use of conductive carbon glue to be pressed flat and dried
on the heating plate. An ion sputtering apparatus was used
to coat the surface of the sample with platinum to a thick-
ness of 30 angstrom.

3. Results and discussion

3.1. Parameters optimization of the Fe’/Na,S,0, system in
treating leachate biochemical effluent

3.1.1. Effect of Na,S,0, dosage on oxidation performance

When the dosage of Fe°was 0.5 g/L, pH was 7 and the
reaction time was 12 h, the effect of Na,S,0, on the treat-
ment of leachate biochemical effluent was shown in Fig. 1.

As it is shown in Fig. 1, the dosage of Na,5,0, has a
significant effect on the removal rate of COD, which was
increased with the increase of Na,5,0, dosage. Observ-
ing the COD removal curve, it can be seen that the COD
removal gradually increased at first and then leveled off
with the increasing Na,5,0, dosage. When the dosage of
Na,S,0, increased to 2.5 g/L, the COD removal rate reached
a maximum at 63%. When the dosage of oxidant continued
to increase, the removal of COD did not change clearly and
even had a slight trend of decrease. The reason was that
the residual persulfate would interfere with COD measure-
ment and the side reaction between 5,0, and SO, - became
more significant if continuously increase persulfate concen-
tration [25]. The equation was described as shown in Eq. (1):

5,0+ S0, —S,0,++ 50, k=61 x 10°M s )

The removal rate of chroma was relatively low, only
about 50%, when the dosage of Na,50,was 0.5 g/L. It
reached more than 90% and tended to be stable when the
dosage of Na,S,0, was 2.0 g/L.

Using Fe’/Na,S,O, catalytic oxidation system to dispose
leachate biochemical effluent, the oxidation reaction was
occurred between the produced SO, and the pollutants
which came from the leachate biochemical effluent. The
quantity of SO, in wastewater was raised with Na,5,0O,
dosage increasing. This was conducive to the degradation
of organic compounds in wastewater samples. The oxida-
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Fig. 1. Effect of Na,S,0, dosage on COD and chroma removal.
The initial COD and chroma were 1200 mg/L and 700 times,
respectively. (Fe0 dosage = 0.5 g/L, pH=7, reaction time =
12 h).
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tion effect was not obvious when the Na,S,0, dosage was
more than 2.5 g/L. The reason was that excessive 5,0,
in the system may inhibit the generation of SO,™. On the
other hand, the quench reaction would occur between the
free SO, and lead to invalid consumption [26]. Taking the
variation of leachate biochemical effluent wastewater qual-
ity into consideration in the practical application, when the
COD of effluent was 700-1300 mg/L, it was best to select
the 2.5 g/ Na,S,0, dosage as the optimal dosage from the
economic point of view.

3.1.2. Effect of Fe” dosage on oxidation performance

When the dosage of Na,5,0, was 2.5 g/L, pH was 7 and
reaction time was 12 h, the effect of Fe® dosage on the treat-
ment of leachate biochemical effluent is shown in Fig. 2.

Observing the COD removal curve, it can be seen that
the removal rate of COD increased rapidly at first with the
increase of Fe’ dosage. When the dosage was 0.2 g/L, the
removal rate of COD was 49%. When the dosage increased
to 0.5 g/L, the removal rate of COD reached its highest at
62%. However, the removal of COD decreased when the
dosage of Fe® continued to increase. This was mainly due
to the fact that the Fe® was the continuous supply source
of Fe?*, and the concentration of Fe?* in wastewater would
increase if increasing the dosage of Fe’ appropriately, mak-
ing the-O-O- bond in 5,0, broken and SO, generated
[27], which greatly improved oxidation effect of pollut-
ants in wastewater. Certainly, COD and chroma removal
rate also rose. But the removal rate of COD had a trend to
decrease with sustained increasing of the Fe’ dosage. The
reason was that, overdosing Fe® would increase the con-
centration of Fe’* and generate excessive SO, ™, which can
have a quenching reaction between each other, reduce the
oxidation-reduction potential in water. A vicious phenom-
enon arose due to the reaction between a great deal of Fe?*
and the SO, at the same time, which can be described as
shown in Eq. (2):

SO, -+ Fe** — SO+ Fe’* )

This reaction would lead to some problems, such as:
the reduction of oxidant and catalyst utilization ratio, the
increase of treatment cost and the deterioration of oxidation
system. Observing the chroma removal curve, when the Fe’
dosage was more than 0.2 g/L, the removal rate of chroma
approached 50%. It reached about 91% at 0.5 g/L dosage,
and then the removal of chroma on a downward trend with
the increased dosage of Fe°. It was because that chroma
interference was happened by lots of Fe** and Fe** which
were generated by overdosing Fe’. It was also necessary
to control the dosage of Fe® reasonably in the engineering
application according to the characteristics of wastewater,
because overdosing Fe° can not only raise the cost, but also
enhance the chroma of effluent which was due to residual
iron in wastewater.

3.1.3. Effect of pH value on oxidation performance

Under the conditions as follows: the dosage of Na,S,O,
was 2.5 g/L, the dosage of Fe® was 0.5 g/L and the reaction
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Fig. 2. Effect of Fe® dosage on COD and chroma removal
(Na,S,0, dosage = 2.5 g/L, pH = 7, reaction time = 12 h).

time was 12 h, the effect of pH value on the treatment of
leachate biochemical effluent was shown in Fig.3.

The results can be concluded from the Fig. 3, when the
pH value was lower than 7, the removal of COD increased
with the rise of the pH value. But it reached its maximum
at 71% when the pH value was around neutral. Continued
to grow the pH until it’s alkaline, the removal rate of COD
started decreasing. However, the chroma removal rate
reached a maximum at 95% when the pH was 3. The rea-
son was that Fe* was generated by the reaction between a
larger quantity of Fe’ and acid under the condition of strong
acid. The reaction can cause high concentration of Fe** in
the wastewater, and side reaction would happen as shown
in Eq. (1) in section 3.1.2.

The reaction above not only consumed a great deal of
Fe® and the oxidant of sodium persulfate, resulting in the
cost rise, but also weakened the oxidation system, making
the COD removal rate cannot reach the best under the acidic
conditions. It is optimal for the removal rate of COD when
the pH value is neutral. Because in this condition the release
rate of Fe** was moderate, without a side reaction caused by
the high concentration of Fe?* in a short time. However, the
removal rate of COD was sequentially declined under the
condition of alkalescence, the primary reasons were as fol-
lows: under the alkalinity condition, first, the concentration
of Fe?* in wastewater was at a low level due to the gener-
ation of ferrous hydroxide sediment; second, many metal
ion precipitations were attached to the surface of Fe’ and
made it difficult to oxidize into Fe?* for the ability of elec-
tron transfer losing; third, the active substance of SO, was
quickly quenched because of the reaction between the SO,
and hydroxyl ions in the solution; last, under the circum-
stances of weak alkaline, there existed lots of HCO,” and
CO,* in the solution, which can react with SO,™, making
its concentration decreased for the vicious competition. The
treatment efficiency in the pH 11 was better than that in
pH 9 under the alkaline condition. The reason was maybe
that the free radicals which played a main role in the oxi-
dation process would change if the pH value in the Fe’/
Na,S,0, system changed. Under acid conditions, the dom-
inant role of the system was SO, . While the pH value was
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Fig. 3. Effect of pH on the COD and chroma removal (Na,S,0,
dosage = 2.5 g/L, Fe® dosage = 0.5 g/L, reaction time = 12 h)

greater than 10, the degradation of organic contaminants in
the solution was mainly depended on -OH. However, the
amount of -OH generated under alkaline conditions was
so limited that the removal efficiency of COD and chroma
would not be improved rapidly with the increase of pH [28].

3.1.4. Effect of reaction time on oxidation performance

When the dosage of Na,5,0,was 2.5 g/L, pH was 7 and
the dosage of Fe’ was 0.5 g/L, the effect of reaction time on
treatment of leachate biochemical effluent is shown in Fig. 4.

As can be observed in Fig. 4, the removal rate of COD
and chroma rose fleetly with the reaction time prolonging
and then tended to be a balance little by little. When the reac-
tion time achieved 12 h, the removal rate of COD and chroma
reached 56% and 93%, respectively. Then with the reaction
time continuing to extend, the chroma removal rate tended
to be gradually stabilized, while the COD removal rate had
a slight increase. It can be concluded that the oxidation reac-
tion was almost over in the reaction time of 12 h. When the
reaction time was 4 h, the chroma removal rate was as high as
73%, indicating that the chroma removal was accomplished
substantially by the Fe’/Na,S,O, system in a short time. The
main reason was that the sulfate radicals would attack on the
chromogenic substances first when it was in the offensive of
polluted organic matters, making the removal rate of chroma
reached an ideal effect in a short oxidation reaction time, and
it basically tended to be stability when the time was 10 h.
Sulfate radical is a kind of free radical with strong oxidation
ability, which can not only split the carbon chains of organic
matters in the wastewater, but also decompose the macromo-
lecular organic compounds that are difficult to be degraded
into small molecule organic matters which is easy to be bio-
degradable, or completely mineralized into carbon dioxide
and water. For this reaction, the sulfate radicals production
was a slow release progress which was favorable for the
reaction of SO, and contaminants [29]. While, dosing Fe**
directly would easily cause the Fe** amounts in the oxidation
system to be more excessive than that required for activation
reaction. This can conduct side reaction between Fe?* and
generated SO,™, and can consume SO, ineffectively, which
lead to a low oxidation efficiency [30,31].
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Fig. 4. Effect of reaction time on COD and chroma removal (Na-
,5,0, dosage = 2.5 g/L, Fe’ dosage = 0.5 g/L, pH=7).

3.2. Analysis of wastewater quality before and after treatment

3.2.1. Analysis of wastewater samples before and after
treatment with SDEEMFS

3DEEMEFS was used to elucidate the nature of DOM
(dissolved organic matter) from the three-dimensional flu-
orescent fingerprints [32]. The fluorescence spectra of the
leachate biochemical effluent and Fe’/Na,S,O, effluent are
shown in Fig. 5. In order to prevent the effect of internal
filtering, the determination wastewater samples have been
diluted 10 times.

As shown in Fig. 5a, there were three peaks (A = E /
E_= 255 nm/465 nm, B = E /E_= 285 nm/430 nm, C =
E /E_ =330 nm/430 nm) of DOM in leachate biochemical
effluent. Each intensity of fluorescence was 2154, 1684 and
1832, respectively. According to the research, it showed
that the fluorescence peak appeared in the area of E /
E_ = (250 nm~390 nm)/(370 nm~480 nm), which implied
that there existed humic substances in wastewater. The
fluorescence peak center appeared in the area of E /E_=
(280 nm~370 nm)/(380 nm~460 nm), indicating that the
wastewater sample contained fulvic acid and humic acid.
The fluorescence peak center appeared in the area of E /E
= (310 nm~360 nm)/ (370 nm~450 nm), which showed the
existence of fulvic acid in the wastewater sample. Regarding
the effluent of the Fe’/Na,S,O, system, it can be seen from
Fig.5b that the fluorescence peaks mainly appeared in the
positions as follows: D=E /E_=240nm/395nm,E=E /E
=280nm/360 nm and F=E /E_= 330 nm/405 nm, and the
intensity of peak were 679.6, 470.5 and 634.2, respectively.
Furthermore, there was UV fulvic acid in the wastewater
when the fluorescence peak appeared in the area of E /E
= (240 nm~270 nm)/(370 nm~440 nm). The fluorescence
peak appeared in the area of E /E_ = (310 nm~360 nm)/
(370 nm~450 nm), indicating that there existed the visible
fulvic acid in the water.

According to the above analyses, it can be known that
the leachate treated with the Fe’/Na,S,O, system no longer
contained a large amount of humic acid substances with the
characteristics of high molecular weight, high degree of aro-
matic structure, complex molecular structure. But after the



114

..

amm 1808
. 2216

2534

Before treatment

250

300 350 400

Em (nm)

450 500

(a)

Z. Liu et al. / Desalination and Water Treatment 107 (2018) 109-117

After treatment

400

450
Em (nm)

500

(b)

550 600

Fig. 5. BDEEMFS of wastewater samples before and after treatment.

treatment of the Fe’/Na,S,O, system, the complex humic
acid was oxidized into fulvic acid by SO, which had the
characteristics of lower molecular weight, lower degree of
aromatization and simple molecular structure. Compar-
ing with the fluorescence peak intensity of fulvic acid area
before and after the treatment by the Fe’/Na_S O, system, it
can be seen that the fluorescence peak intensity decreased
from 1382 to 470, and the degradation rate reached 66%,
which was tally with the COD removal. The results indi-
cated that the Fe’/Na,S,0, system had the ability of effec-
tive removal on fulvic acid. After the treatment of the Fe®/
Na,S,0, system, the emission wavelength of fulvic acid in
the visible light area showed significantly blue-shift from
430 nm to 405 nm, owing to the decrease of the conjuga-
tion of the dissolved organic compounds molecules and the
reduction of molecular condensation degree in the waste-
water. It can be found from the entire fluorescence spectrum
that a decrease in fluorescence intensity, which indicated
the reduction in the level of organic contaminants.

The fluorescence index f,, ., had a certain relationship
with the aromaticity of fulvic acid in the wastewater. The
larger the fluorescence index, the worse the aromaticity
of fulvic acid in the wastewater. The fluorescence index
of untreated leachate biochemical effluent was 1.37. The
aromaticity of dissolved fulvic acid was strong, owing to
the aromatic ring structure. The f, ., of dissolved fulvic
acid in the wastewater sample treated with the Fe’/Na,S O,
activation system was 2.01, indicating that the aromaticity
of dissolved humic acid weakened and the aromatic ring
structure reduced. The humic acid in wastewater was oxi-
dized by the Fe’ /Na,S O, system from the above analyses.

3.2.2. Analysis of wastewater samples before and after
treatment with UV-vis

The ultraviolet absorption of DOM is related to the
unsaturated conjugate bond of the compound according
to the strong absorbance in the ultraviolet area [33]. As can
be seen from Fig. 6, comparing with the UV-vis absorbance
value before treatment, the value of that in the leachate bio-
chemical effluent sample has dropped massively after treat-
ment with the Fe’/Na,S O, system when they were at the
same wavelength. It illustrated that the oxidation system

can not only greatly remove the organic matter in waste-
water, but also can gradually decrease the complexity and
aromaticity of molecular. Observing the UV-vis absorption
curve, it can be seen that the absorbency has been show-
ing a decreasing trend with the increase of wavelength, and
finally reducing to zero. Owing to the complexity of leach-
ate wastewater quality, there was no occurrence of massive
absorption peaks throughout the whole UV absorption
band. Nevertheless, it can be found from the Fig. 6 that
when the wavelength was greater than 250 nm, the waste-
water sample treated with the Fe’/Na,S5 O, system no
longer had absorbance, which proved once more that the
organic matter content and types of the treated wastewa-
ter samples evidently reduced comparing with those of the
raw wastewater samples [34,35].

3.2.3. Analysis of wastewater samples before and after
treatment with FTIR

According to the relevant literature, the absorbance
bands appeared at 3467 cm™ was stretching vibration
area of hydroxyl or carboxyl. Those near 1635 cm™ bands
corresponded to skeleton vibration peaks of C=C on the
benzene ring. The area at 1382 cm™ corresponded to the
out-of-plane C-H bends vibration of a saturated hydrocar-
bon. The absorption bands around 1090 cm™ indicated that
there existed polysaccharides, carboxylic acids and alcohols
in the wastewater sample. The area 615 cm™ was corre-
sponded to the out-of-plane bend of C-N, N-H, and C-H of
the benzene ring [36,37].

The FTIR spectra of wastewater samples before and after
treatment were shown in Fig. 7. It can be found from Fig. 7
that there were both strong characteristic bands before and
after treatment of wastewater samples on the area near 3411
cm™, which indicated there existed carboxyl or hydroxyl in
DOM in the wastewater samples [37,38]. There were both
characteristic peaks before and after treatment of waste-
water samples on the area near 1635 cm™, which indicated
that the wastewater samples contained aromatic substances
[37]. However, the intensity of the treated wastewater sam-
ple at this band sharply declined compared with that of the
raw wastewater. Because some aromatic substances were
translated to substance with smaller molecules by SO,
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Fig. 6. UV-vis absorption spectra of wastewater samples before
and after treatment.
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Fig. 7. FTIR spectra of wastewater samples before and after
treatment.

oxidation and the aromaticity of organics was weakened.
As shown in Fig. 7, the characteristic peak at 1386 cm™ dis-
appeared after treatment for the reason that the carboxylic
groups were cleaved by sulfate radicals, resulting in the
generation of organics with worse stability and smaller rel-
ative molecular weight. The intensity at bands 1090 cm™
declined remark ablely in the wastewater sample treated
with the Fe’/Na,S,0, system, which indicated that polysac-
charide and carboxylic acids were oxidized by the SO,~. It
can also be deduced that the relative reduction in protein
was from the great reduction of the intensity of characteris-
tic bands at 620 cm™. A weak absorbance band at 590 cm™!
emerged in the treated wastewater sample, illustrating the
presence of Fe-O bond stretching vibration and iron com-
pounds [39]. In whole, the molecular structure of the macro-
molecular organic compounds became more unstable and
the molecular weight became smaller after treatment of the
oxidation system. Meanwhile, small molecule substance
was oxidized into carbon and water via the Fe’/Na,S,0O,
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Fig. 8. The Fe’ XRD spectra before and after reaction.

system. The organics in wastewater had a decrease because
of both a certain change in the structure and some decreases
in intensity of functional group.

3.3. Characterization and analysis of catalysts

3.3.1. XRD characterization of ZV1 before and after
reaction

The XRD patterns of Fe® (before and after reaction) are
shown in Fig. 8. It can be seen that the characteristic peaks
(20) of Fe® before reaction appeared at 44.7°, 65°, and 82°
respectively, which are almost the same as the standard
spectra for ferrum (Joint Committee on Powder Diffraction
System, JCPDS NO.656212). This showed that the Fe® before
reaction was pure without impurities, and there was no
occurrence of oxidation reaction. After reaction, the charac-
teristic peaks (20) of ZVI appeared at 35.1°, indicating that
the characteristic peaks of Fe,O, appeared in the Fe’. Also,
there were not only Fe® but also Fe?* and Fe®* absorbed on
the surface of Fe’ after reaction. This is consistent with the
mechanism of treating wastewater by Fe® catalyzing per-
sulfate [40]. The Fe° diffraction intensity was significantly
decreased after the reaction. It was likely owing to the
occurrence of Fe” agglomeration as well as the adsorption
of some pollutants on the Fe” surface, which made the inter
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Fig. 9. SEM micro graph of Fe” before and after reaction.

space among Fe’ become smaller. The diffraction peaks of
Fe” became more flat and peaks value also decreased after
reaction, so it could be deduced that the diameter of Fe®
became smaller.

3.3.2. SEM characterization of Fe’ before and after reaction

The SEM micrograph of Fe’ (before and after reaction)
was shown in Fig. 9. It can be seen that the Fe’ (before reac-
tion) was loose and there was no occurrence of agglomer-
ation. According to the size of the micro graph, it can be
roughly estimated that the diameter of the Fe° particles is
about 30 um. After reaction, the surface of Fe° gradually
became smooth from irregular uneven because a large
quantity of snowflake-like iron oxides was attached on
it. It can be inferred that the Fe® was oxidized into Fe,O,,
a-Fe,0,, a-FeOOH by the persulfate from the presence of
snowflake-like iron oxides. This conclusion confirmed the
result of XRD detection.

4. Conclusion

In this work, the application of sulfate radical oxidation
based on Fe’ activation for leachate biochemical effluent
was studied, and it was proved to be an efficient and prom-
ising method. The oxidation efficiencies were affected by
the factors of Na,S,0O, dosage, Fe’ dosage, wastewater pH,
and reaction time. With 2.5 g/L.Na,5,0, dosage and 0.5 g/L
Fe® dosage, the COD and chroma removals can reach up to
71% and 90%, respectively, after the 12 h treatment.

It can be concluded from 3DEEMEFS that the most of
humic acid substances were oxidized and removed, and ful-
vic acid was degraded effectively of which the removal rate
reached 66%, when the leachate biochemical effluent was
treated with the Fe’/Na,S,0, system. Making a comparison
of the fluorescence index (f,;, ) before and after treatment,
it was found that the aromaticity of the soluble humic acid
was weakened, and the structure of the aromatic ring was
reduced as well. UV-vis spectra analyses indicated that after

the treatment of Fe’/Na,S O, system, the degree of organic
pollution was decreased significantly and the substituted
groups of dissolved organic matter (DOM) were also less-
ened. Moreover, the stability of organic matter changed to
be worse due to the main structure of fat chains. According
to FTIR spectroscopy, the macromolecular organic matter
in the leachate biochemical effluent was decomposed into
small molecular organic matter, the organic functional
groups and structure also had some changes, and the sta-
bility of dissolved organic matter structure was decreased.

XRD patterns analyses showed that the characteristic
peaks of Fe,O, appeared in the Fe’, indicating not only Fe®
but also Fe** and Fe*" absorbed on the surface of Fe® after
the reaction. Moreover, the diffraction peaks of Fe’ became
more flat and peaks value also decreased after reaction,
owing to the occurrence of Fe’ agglomeration as well as the
adsorption of some pollutants on the Fe’ surface. According
to the SEM micro graph of Fe® (before and after reaction),
the surface of Fe” gradually became smooth from irregular
uneven and with a large quantity of snowflake-like iron
oxides attached to it.
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