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a  b  s  t  r  a  c  t

Pretreatment  of  acrylonitrile–butadiene–styrene  (ABS)  resin  wastewater  by  microelectrolysis  system
was investigated  to improve  the  biodegradability  of  the  toxic  aromatic  compounds  and  organic  nitriles.
Two  experiment  systems,  (a)  control  experiment  of  Fe  and  carbon  and  (b)  microelectrolysis  reactor,  were
set  up  to  confirm  the  importance  of macroscopic  galvanic  cells.  In  addition,  the  effect  of  the  influent  pH
and  Fe/C  ratio  on  the  efficiency  of the  microelectrolysis  reactor  was  studied.  The experimental  results
showed  that  the  maximum  COD  removal  efficiency  was  in  the  range  of 50–55%,  and  the  BOD5/COD
ratio  was  enhanced  from  0.32  to 0.71  under  the  best  condition  of the  influent  pH 4 and  Fe/C  ration  of
1:1  (v/v).  The  microelectrolysis  reactor  could  not  remove  the  nitrogen  in  ABS resin  wastewater,  but  it
romatic compounds
rganic nitriles

could  transform  the  organic  nitriles  into  NH3-N, amine  and  acylamide,  and  the  NH3-N  transformation
efficiency  reached  50%  when  the  influent  pH  was  4.  The  decomposition  and transformation  of the  aromatic
compounds  and  organic  nitriles  in  ABS  resin  wastewater  was  monitored  by  UV–vis,  fourier  transform
infrared  spectroscopy  (FTIR)  and  gas  chromatography  mass  spectrometry  (GC–MS).  This  study  showed
that an  almost  total  decomposition  or  transformation  of  the  toxic  organic  pollutants  and  an  increasing
biodegradability  of the  pretreated  ABS  resin  wastewater  could  be achieved  by  microelectrolysis  reactor.

© 2011 Elsevier B.V. All rights reserved.
. Introduction

In China, most of the acrylonitrile–butadiene–styrene (ABS)
esin plants use emulsion grafting-blend production method to
roduce various types of ABS resin [1].  With this production
ethod, styrene, acrylonitrile and hundreds of auxiliary agents

re needed in the entire production process, which leads to a
oxic, refractory and complicated ABS resin wastewater [2].  If
he untreated wastewater is discharged into the receiving water
irectly, it will cause serious environmental problems. In literature,

t is hard for conventional biological processes to mineralize all typ-
cal pollutants of ABS resin wastewater, especially for low polymer,
nd microbial activity would be inhibited by some toxic substance
uch as the aromatic compounds and organic nitriles [3–6]. Ozone
xidize method and photocatalysis oxidation of modified nano
iO2 have been used for the pretreatment of ABS resin wastewa-

er [7,8], while other potential technologies such as fenton reagent,
hree-dimensional electrode reactor and wet air oxidation can also
e used to treat this wastewater [9–11]. However, all of these

∗ Corresponding author. Tel.: +86 01084915311; fax: +86 01084915311.
E-mail address: zhouyuexi@263.com (Y. Zhou).

385-8947/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.cej.2010.12.089
pretreatment methods suffer the limitations of high costs. So it is
necessary to discover and develop an effective, robust and econom-
ically feasible pretreatment method for ABS resin wastewater.

Since the microelectrolysis was discovered and first applied
in printing and dyeing wastewaters in 1970s, this technology
has widely used in the preatreatment of industrial wastewaters
such as petrochemical wastewater, acrylic fiber wastewater, olive
mill wastewater, electroplating wastewater and pharmaceutical
wastewater [12–16].  Iron chips and activated carbon are commonly
used as electrolytic materials of microelectrolysis. When a mixture
of iron chips and activated carbon is in contact with wastewa-
ter (electrolyte solution), numerous macroscopic galvanic cells are
formed between the particles of iron and carbon, and numerous
microscopic galvanic cells are also formed in interior of iron chips
because of cementite. The electrons are supplied from the galvanic
corrosion of iron (anode) [12], and the half-cell reactions can be
represented as:

Anode(oxidation) : Fe − 2e− → Fe2+ E�(Fe2+/Fe) = −0.44 V (1)
Cathode(reduction) : acidic : 2H+ + 2e− → 2[H] → H2↑
E�(H+/H2) = 0.00 V (2)

dx.doi.org/10.1016/j.cej.2010.12.089
http://www.sciencedirect.com/science/journal/13858947
http://www.elsevier.com/locate/cej
mailto:zhouyuexi@263.com
dx.doi.org/10.1016/j.cej.2010.12.089
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Table 1
Characteristics of ABS resin wastewater.

Item Values (mg  L−1)

COD 1100–1300
BOD5 400–500
TOC 350–450
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TN  90–110
TKN 80–100
NH3-N 5–15

cidwithoxygen : O2 + 4H+ + 4e− → 2H2O

E�(O2/OH−) = 1.23 V (3)

eutraltoalkaline : O2 + 2H2O + 4e− → 4OH−

E�(O2/OH−) = 0.40 V (4)

It is clear that organic pollutants can be oxidized by radicals
nd oxidants produced from electrode action. Furthermore, organic
ollutants can also be reduced by Fe, Fe2+ and [H] during microelec-
rolysis [13]. Additionally, organic pollutants can also be removed
y adsorption, enmeshment and coprecipitation by the ferric and
errous hydroxides formed from oxidation and precipitation of Fe2+.
n addition, activated carbon can also adsorb some of the organic
ollutants, especially for those hydrophobic ones [12].

The goal of this study is to investigate characteristics of adsorp-
ion, enmeshment, coprecipitation and electrochemical action of
he microelectrolysis system for ABS resin wastewater. Further-

ore, degradation or transformation of the toxic refractory typical
ollutants was monitored by UV–vis, FTIR and GC–MS analyses.

. Materials and methods

.1. Raw wastewater

The wastewater used in this study was obtained from a
etrochemical industry in northern China. The physicochemical
haracteristics of ABS resin wastewater are listed in Table 1.

.2. Reactor system

The experimental apparatus was a cylindrical microelectroly-
is reactor (˚10 cm × 50 cm). The reactor was made of transparent
ynthetic glass column. The granular activated carbon (GAC) and
ponge iron were mixed together, and then packed in the reactor
s a fixed bed with a bed height of 40 cm.

A commercial granular activated carbon (GAC) from Beijing Ke
heng Guang Hua New Technology Company was  used in this
tudy. It has mean particle size of approximately 5 mm,  an elec-
ric resistance of about 5 � for each activated carbon particles, a
pecific surface of 748 m2 g−1 according to the BET method, a total
ore volume of 0.481 mL  g−1 and a bulk density of 0.493 g cm−3. A
ommercial sponge iron was obtained from Beijing Ming Jian Tech-
ology Company. It has mean particle size of approximately 5 mm
nd a bulk density of 3 g cm−3. The iron content of the sponge iron
eaches 98%.

.3. Experimental method

Organic pollutants removal during microelectrolysis treatment

esults from the combined effect of adsorption of GAC [17], co-
recipitation and enmeshment of the ferrous and ferric hydroxide
oc [12], and electrochemical action of microelectrolysis [12,13].

n order to quantify the electrochemical action occurring during
g Journal 179 (2012) 1– 7

simultaneous physical–chemical processes, two control exper-
iments were set up: (a) GAC without sponge iron in reactor
(Control-C), (b) sponge iron without GAC in reactor (Control-Fe).
The volume of GAC and sponge iron in control was in accord with
that of the microelectrolysis reactor, and the influent pH of the
control was  4.0. To investigate the effect of influent pH on organic
pollutants removal by the microelectrolysis reactor, pH of the influ-
ent was  adjusted to 4.0, 6.0 and 8.0 by adding diluted sulfuric acid
(10%) or sodium hydroxide solutions (5 mol  L−1). All of the reactors
were operated continuously 30 d with a constant hydraulic reten-
tion time (HRT) of 4 h, and measurements were routinely taken of
COD, BOD5, total kjeldahl nitrogen (TKN), NH3-N, pH, UV–vis, FTIR
and GC–MS.

2.4. Analytical methods

Gas chromatography mass spectrometry (GC–MS) was  used
for organic compounds analysis. Prior to GC–MS determination, a
20 mL sample was  extracted using 10 mL  CH2Cl2 (Chromatogram
Pure Grade, Fisher, USA) three times under acidic, neutral and
alkaline conditions, respectively. The three extracted layers were
mixed, dehydrated with anhydrous sodium sulfate and dried with
the aid of a nitrogen flow. The residue was  dissolved in 1.0 mL
CH2Cl2 and 1 �L was  injected into a 7890/5975 GC–MS system
(Agilent, USA) equipped with a HP-5MS capillary column of inner
diameter 0.25 mm and 30.0 m in length. The GC column was  oper-
ated in temperature programmed mode at 40 ◦C for 1 min, raised at
20 ◦C min−1 to 100 ◦C, and then raised at 10–280 ◦C (held for 3 min).
The solvent delay was 4 min  and the total run time was 25 min. The
mass range scanned was  20–700 m/z. Analysis was undertaken with
reference to the NIST 05 mass spectral library database.

Fourier transform infrared spectroscopy (FTIR) was  used to
assess the differences in the general functional groups of the
influent and effluent of the two control experiments and microelec-
trolysis reactor. 300 mg  KBr was  milled by pestle and mortar, once
fine enough the powder was  placed in a mould and compressed
into a pellet with a force 10 tons applied for 1 min. The pellet was
then placed in a holder and scanned using a Perkin Elmer 100 FTIR
spectrometer and the background spectra were generated using its
software. To obtain the spectra for the influent and effluent, the
samples were first dried and grinded, and then each sample (6 mg)
was mixed with 300 mg  KBr and milled into powder by pestle and
mortar. The powder mixture was placed in a mould and compressed
into a pellet under10 tons force for 1 min. Each sample was scanned
four times between the wavelengths 4000 and 400 cm−1.

The UV–vis absorption spectrum of the ABS resin wastewater
was carried out in 10 mm  quartz cuvettes, and the UV–vis spectra
were recorded from 190 to 350 nm using deionized water as blank.
Optical micrographs were obtained with an optical microscope
(BX-51, Olympus, Japan). The chemical oxygen demand (COD)
and biochemical oxygen demand (BOD5) were determined using a
COD analyzer (Hach, USA) and respirometer (OxiTop IS12, WTW,
Germany), respectively. The total kjeldahl nitrogen (TKN) was
determined by a kjeldahl nitrogen apparatus (KDY-9830, Ketuo,
China). Ammonia nitrogen (NH3-N) of the samples was determined
according to standard methods [18] and pH was measured by a
pHS-3C meter (Rex, China).

3. Results and discussion

3.1. Effect of influent pH and Fe/C ratio on COD removal efficiency

and biodegradability

Fig. 1 illustrated the COD removal of ABS resin wastewater in
microelectrolysis reactors at different Fe/C ratios (v/v). The results
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Fig. 1. Effect of influent pH and Fe/C ratio on COD removal efficiency.

uggested that the removal efficiency was the highest with Fe/C
atio of 1:1 (v/v). The same volume of Fe and C in reactor means the
ame anode and cathode number, which is in favor of the formation
f macroscopic galvanic cells. Therefore, the ratio of 1:1 (v/v) for
e/C was selected in the following studies.

The curve of control experiment (carbon) shows that COD
emoval efficiency decreases quickly to 55% after the first day,
nd then decreases gradually from 55 to 20% in the initial 18 d,
nally, it remains between 17 and 22% in the following days. The
esults of control experiment (carbon) suggest that the removal of
rganic pollutants is mainly resulted from the adsorption of GAC
n the initial stage, and the constant COD removal efficiency in
he latter stage is resulted from numerous filamentous microor-
anisms (as shown in Fig. 2) which are domesticated under the
cidic and anaerobic conditions. It has been reported that the fil-
mentous microorganisms can degrade the aromatic compounds
19,20], and there are plenty of aromatic compounds in ABS resin
astewater (as shown in Table 2). Therefore, the constant COD

emoval efficiency (17–22%) of control experiment (carbon) is

aused by the degradation of the aromatic compounds in ABS resin
astewater by filamentous microorganisms. However, those fil-

mentous microorganisms were not observed in other reactors,
hich resulted from the effect of electrochemistry action or high

ig. 2. Optical micrograph of filamentous microorganisms in control experiment
arbon (400×).
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concentration ferrous and ferric ion. Therefore, in the microelec-
trolysis reactors and control experiment of Fe, the COD of ABS
resin wastewater is mainly removed through physics adsorption,
co-precipitation, enmeshment and electrochemical action.

The curve of control experiment of Fe shows that the COD
removal efficiency remains approximate 10% in the entire 30 d,
which resulted from microscopic galvanic cells of sponge iron and
the co-precipitation and enmeshment of the ferrous and ferric
hydroxide floc. The sponge iron contains many impurity particles,
such as Fe3C and C, and these very small particles are dispersed in
the matrix of sponge iron, which form thousands of microscopic
galvanic cells with iron. However, only the microscopic galvanic
cells on the surface of sponge iron can contact the wastewater and
degrade the pollutants, so their COD removal efficiency is very low.
In addition, it is clear that the co-precipitation and enmeshment of
the ferrous and ferric hydroxide floc also cannot remove the organic
pollutants in ABS resin wastewater directly. Therefore, the control
experiment of Fe can only degrade a little part of organic pollutants
in ABS resin wastewater.

Fig. 1 shows that the COD removal efficiencies of three micro-
electrolysis reactors with different influent pH in sequence are
as follow: pH = 4 > pH = 6 > pH = 8. The influent pH is an important
parameter affecting the kinetics in the pretreatment process. Dif-
ferent reaction rates are obtained for the reaction of zero-valent
iron in ABS resin wastewater with different pH, which are presented
as following equations:

Fe + 2H+ → Fe2+ + H2 (5)

Fe + 2H2O → Fe2+ + H2 + 2OH− (6)

According to Nernst Equation, the reaction rate of Fe → Fe2+

increases with an increase of the H+ concentration, therefore the
pretreatment efficiency of microelectrolysis system can be affected
by the influent pH. It is clear that COD removal efficiency of the
microelectrolysis reactor is about four times than that of the con-
trol experiment of Fe which only has microscopic galvanic cells.
The microelectrolysis reactor has microscopic and macroscopic
galvanic cells, and the number of macroscopic galvanic cells is
much larger than that of microscopic galvanic cells. Therefore, the
macroscopic galvanic cells play a major role in the COD removal.
Moreover, the macroscopic galvanic cells may  convert the complex
organic contaminants into the aromatic by-products with carboxyl
functional groups (e.g., benzoic acid), which are expected to bind
strongly to ferrous and ferric hydroxide floc [12]. In other words,
the organic contaminants in ABS resin wastewater can be removed
indirectly by co-precipitation and enmeshment of the ferrous and
ferric hydroxide floc.

In this experiment, the biodegradability of the influent and
effluent of control experiments and microelectrolysis reactors was
monitored by measuring the BOD5/COD ratio. Fig. 3 shows that the
BOD5/COD ratios of the effluent of different reactors are all higher
than those of the influent, and the BOD5/COD ratios of the effluent
of the three microelectrolysis reactors are much higher than those
of the two  control experiments. These imply that the macroscopic
galvanic cells play a leading role in the degradation of toxic refrac-
tory organic pollutants and improvement of biodegradability for
ABS resin wastewater. Fig. 3 shows that the BOD5/COD ratios of the
effluent of three microelectrolysis reactors with different influent
pH in sequence are as follow: pH = 4 > pH = 6 > pH = 8. This indicates
that the influent pH affect the improvement of biodegradability for
ABS resin wastewater.

Regarding above results, it can be concluded that the micro-

electrolysis reactor cannot only remove the COD of this wastewater
efficiently but also improve its biodegradability significantly, which
mainly attributed to the macroscopic galvanic cells. Besides, the
COD removal efficiency and BOD5/COD ratio of the effluent of the
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Table 2
Main organic compounds analysis of ABS resin wastewater.

Retention time (min) Organic compounds Proposed structures Area percentage (%) Main fragment

(1) 4.54 3-Dimethylaminopropanonitrile 4.62 58(100%), 42, 30, 15

(2)  4.68 Styrene 2.43 104(100%), 78, 51, 41, 31

(3)  6.88 3-Diethylaminopropiononitrile 0.92 111(100%), 86, 58, 42, 28

(4)  7.35 Acetophenone 10.72 120, 105 (100%), 77, 51

(5)  7.72 �,�-Dimethylbenzenemethanol 42.16 121, 91, 77, 51, 43(100%)

(6)  10.52 3,3-Oxydipropionitrile 13.03 84, 54(100%), 40, 28

(7)  11.63 3,3′-Iminodipropionitrile 19.86 83(100%), 54, 42, 28

(8)  13.13 3,3′-Thiodipropionitrile 3.75 140, 100, 54(100%), 45

0.32
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Fig. 3. BOD5/COD of the influent and effluent of the two  control experiment and
three microelectrolysis reactors with different influent pH.
microelectrolysis reactor increase with the decreasing of influent
pH, and the best influent pH of the microelectrolysis reactor is
about 4.

3.2. UV–vis spectral changes

After 30 d run, the changes in UV–vis absorbance character-
istics of the influent and effluent of the microelectrolysis reactor
and two  control experiments from 190 to 350 nm are shown in
Fig. 4. The absorbance peak at the wavelength of about 230 nm
can be assigned to the �–�* transition of benzene rings [21–23]
such as acetophenone and �,�-dimethylbenzenemethanol (as
shown in Table 2), respectively. The absorbance peak at the
wavelength of about 200 nm can be attributed to the com-
bination of the nitrile group of the organic nitriles and the
benzene ring of monoaromatics. The main organic nitriles
of ABS resin wastewater are 3-dimethylaminopropanonitrile,

3-diethylaminopropiononitrile, 3,3-oxydipropionitrile, 3,3′-
iminodipropionitrile and 3,3′-thiodipropionitrile (as shown
in Table 2), which contained non-conjugated C(N and aux-
ochrome group (e.g., –NR, –OR). Therefore, the absorbance peak
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ig. 4. UV–vis spectra of the influent and effluent of the two  control experiment
nd three microelectrolysis reactors with different influent pH.

f the organic nitriles is at the wavelength of about 200 nm
21].

As shown in Fig. 4, the absorbance of the effluent of control
xperiment (Fe) is only dropped a little with respect to the influ-
nt, which is a clear sign that the control experiment (Fe) can only
egrade a little part of the aromatic compounds and organic nitriles

n ABS resin wastewater. The absorbance peak at the wavelength of
bout 230 nm is dropped significantly after the treatment of control
xperiment (carbon), while the absorbance peak at the wavelength
f about 200 nm was only dropped a little. It can be concluded that
he control experiment (carbon) can only degrade the aromatic
ollutants. All peaks of UV–vis spectra for the effluent of micro-
lectrolysis reactors decreased strongly. However, there remained

 little peak at the wavelength of about 235 nm for the effluent,
hich indicated that some by-products containing benzoic-type

ings (e.g., benzoic acid) might be produced after the decomposition
nd transformation of the aromatic pollutants [24,25].

.3. Decomposition and transformation of nitrogen
Fig. 5(a) shows that there is dependence of TKN removal efficien-
ies on running time under the condition of influent pH 4. Fig. 5(a)
hows that the TKN removal efficiencies of the two  control exper-
ments were both dropped below 10% after the first day, and then
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remained below 5% in the following days. This suggests that the
activated carbon and sponge iron cannot adsorb or remove the TKN
of ABS resin wastewater significantly. However, the TKN removal
efficiency of the microelectrolysis reactor dropped gradually from
35 to 5% in the initial 15 d, and then remained below 5% in the latter.
The higher TKN removal efficiency of the microelectrolysis reactor
in the initial stage is probably caused by the adsorption of the by-
products (e.g., amine, acylamide) associated with transformation
of the organic nitriles in ABS resin wastewater. These by-products
are much easier to be adsorbed by activated carbon or ferrous and
ferric hydroxide floc compared to the organic nitriles of ABS resin
wastewater. Therefore, the higher TKN removal efficiency in initial
stage is due to the adsorption of nitrogen-containing by-products,
while the gradual decrease of TKN removal efficiency with treat-
ment time is associated with the adsorption saturation of activated
carbon. In a word, the microelectrolysis reactor cannot remove the
nitrogen of ABS resin wastewater, but it can transform the organic
nitrogen.

Fig. 5(b) shows that there is dependence of NH3-N transforma-
tion efficiencies on running time under the condition of influent
pH 4. The NH3-N transformation efficiency (NH3-N%) is determined
according to the following equation:

(NH3-N)% =
Cn

NH3-N − C
◦
NH3-N

C
◦
TKN − C

◦
NH3-N

× 100% (7)

where C
◦
NH3-N and Cn

NH3-N are the ammonia–nitrogen concentra-

tions of the influent and effluent at the nth day, respectively. C
◦
TKN is

the TKN concentration of the initial. Fig. 5(b) shows that the NH3-N
transformation efficiency of the control experiment (carbon) is 0%
in the entire 30 d, which indicates that the filamentous microorgan-
isms cannot decompose and transform the organic nitriles in ABS
resin wastewater. The NH3-N transformation efficiency of the con-
trol experiment (Fe) was increased from 0 to 14% in the initial 5 d,
and then remained between 13 and 17%. The NH3-N transformation
efficiency of the microelectrolysis reactor increased gradually from
1 to 53% in the initial 10 d, and then remained between 50 and 55%
in the latter. It is clear that the NH3-N transformation efficiency of
microelectrolysis reactor is much higher compared to that of con-
trol experiment (Fe), which implies that the macroscopic galvanic
cells play a leading role in decomposition and transformation of the
organic nitriles in ABS resin wastewater. The gradual increase of the

NH3-N transformation efficiency of the microelectrolysis reactor in
the initial stage reveals that the NH3-N can be adsorbed by activated
carbon or ferrous and ferric hydroside floc which will reach their
maximum adsorption capacity in the initial 10 d.
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ig. 6. FTIR adsorption spectra of the 400–4000 cm−1 region of influent and effluent:
a) influent, (b) control-carbon, (c) control-Fe, (d) microelectrolysis reactor.

.4. FTIR adsorption spectra analysis

After the 30 d run, the four FTIR adsorption spectra of the
nfluent and effluent of the electroelectrolysis reactor and two con-
rol experiments are illustrated in Fig. 6(a)–(d), respectively. The
bsorbance bands are interpreted by information from prior reports
26–29].

Fig. 6(a) is the FTIR adsorption spectrum of the influent of
he electroelectrolysis reactor and two control experiments. The
and at 3477 cm−1 is attributed to the overlap of O–H stretching,
–H stretching and hydrogen-bonded OH; the bands at 3080 and
120 cm−1 are attributed to stretching of aromatic C–H; the bands
t 2886, 2931 and 2974 cm−1 are attributed to the stretching of
H2 group; the band at 2251 cm−1 is attributed to the C(N stretch-

ng in fatty nitriles; the band at 1681 cm−1 is attributed to C O of
-bonded conjugated ketones and/or quinones; the bands at 1447,
495 and 1600 cm−1 are attributed to the aromatic C C skeletal

ibrations; the band at 1419 cm−1 is attributed to the C–N stretch-
ng. It is implied that the main organic compounds of the crude
BS resin wastewater are aromatic compounds, fatty nitriles and

Fig. 7. GC–MS chromatograms on dichloromethane extract from (a) influen
g Journal 179 (2012) 1– 7

organic amines. Therefore, the results of FTIR spectra are mainly
consistent with the results of GC–MS analysis (as shown in Fig. 7
and Table 2).

Fig. 6(b) is the FTIR adsorption spectrum of the effluent of the
control experiment (carbon). This spectrum shows all the peaks
of the influent except the aromatic peaks at 3080 and 3120 cm−1

(stretching of aromatic C–H), 1447, 1495 and 1600 cm−1 (the aro-
matic C C skeletal vibrations). These can be attributed to the
decomposition and transformation of the aromatic compounds by
filamentous microorganisms.

Fig. 6(c) is the FTIR adsorption spectrum of the effluent of the
control experiment (Fe). This spectrum shows all the peaks of the
influent, but their peak intensity is a little lower compared to that of
the influent. That is caused by the weaker degradation capacity of
control experiment (Fe) which only had microscopic galvanic cells.
In other words, the control experiment (Fe) can only degrade and
transform a little part of organic pollutants in ABS resin wastewater.

Fig. 6(d) is the FTIR adsorption spectrum of the effluent of the
microelectrolysis reactor with influent pH 4. All the peaks of the
influent disappeared except the peaks at 3430 cm−1 (the overlap of
O–H stretching), 2856 and 2925 cm−1 (the stretching of CH2 group).
These confirm that the microelectrolysis reactor with macroscopic
galvanic cells can decompose and transform all the aromatic com-
pounds and the organic nitriles in ABS resin wastewater. Moreover,
several new peaks at 1117 cm−1 (C–O stretching of secondary
alcohols), 1636 cm−1 (C O stretching in amides I, ketones, acids
or quinones), 1737 cm−1 (C O stretching in carboxyls, acids and
ketones), 618 cm−1 (N–H, O–N O) are observed in the effluent
of the microelectrolysis reactor. It is clear that some by-products
(e.g., carboxylic acid, ketone, amine, amide) are produced after the
decomposition of the aromatic compounds and organic nitriles in
ABS resin wastewater.

Regarding above results, we  can conclude that the microelec-
trolysis reactor can transform the toxic organic pollutants in ABS
resin wastewater into less toxic by-products, and the macroscopic
galvanic cells of the microelectrolysis reactor play a leading role in
the degradation of toxic organic pollutants.

3.5. GC–MS analysis
In this experiment, the biodegradability of treated ABS resin
wastewater is monitored by measuring the BOD5/COD ratio. The
effluent is considered as biodegradable when the BOD5/COD ratio

t and (b) effluent of the microelectrolysis reactor with influent pH 4.
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s higher than 0.4. Regarding BOD5/COD ratio which is equal to 0.32,
t is clear that the crude ABS resin wastewater is toxic and refrac-
ory. Fig. 3 shows that the BOD5/COD ratio of ABS resin wastewater
s raised from 0.32 to 0.71 after the treatment of microelectrolysis
eactor with influent pH 4, which indicated the high biodegradabil-
ty of the wastewater. This proves that the microelectrolysis reactor
s efficient to enhance the biodegradability of this toxic wastewater.

The improvement of the biodegradability of ABS resin wastew-
ter can be explained by the decomposition or transformation of
he aromatic compounds and organic nitriles by microelectroly-
is reactor. This is confirmed by GC–MS analysis of the influent
nd effluent of microelectrolysis reactor. In fact, the two chro-
atograms of the influent and effluent are represented in Fig. 7(a)

nd (b). According to Fig. 7(a), three aromatic compounds (55.31%)
nd five organic nitriles (42.18%) can be identified in crude ABS resin
astewater, and these compounds are summarized in Table 2. By

omparison, the chromatogram of Fig. 7(b) does not present any
romatic compounds or organic nitriles, which suggests that the
icroelectrolysis reactor almost completely remove the aromatic

ompounds and organic nitriles. Therefore, the microelectrolysis
eactor is an effective pre-treatment method to transform the toxic
rganic pollutants of ABS resin wastewater into by-products that
re more biodegradable and less toxic. As a result, we can confirm
hat microelectrolysis reactor can be considered as a promising pro-
ess for the degradation of the aromatic compounds and organic
itriles in ABS resin wastewater.

. Conclusion

The aromatic compounds and organic nitriles in ABS resin
astewater are degraded by the microelectrolysis reactor, and their

iodegradability is improved significantly. The macroscopic gal-
anic cells of the microelectrolysis reactor play a leading role in
egradation of organic pollutants in ABS resin wastewater. The
icroelectrolysis reactor cannot remove the nitrogen in ABS resin
astewater, but it can transform the organic nitriles into NH3-N,

mine and acylamide, and the NH3-N transformation efficiency
eaches 50% in the influent pH 4. Moreover, the efficiency of the
icroelectrolysis reactor increased with the decrease of influent

H. The best value of influent pH is determined to be about 4.
n this optimized condition, the COD removal efficiency is in the
ange of 50–55%, and the BOD5/COD ratio is enhanced from 0.32
o 0.71 which indicates that the wastewater is biodegradable. This
mprovement in the biodegradability is obtained by the decompo-
ition and transformation of the aromatic compounds and organic
itriles in ABS resin wastewater as confirmed by UV–vis, FTIR and
C–MS analysis of the treated ABS resin wastewater. This study
hows that the microelectrolysis reactor can be considered as an
ffective, robust and economically feasible pretreatment method
or ABS resin wastewater.
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