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Treatment of naphthalene derivatives with iron-carbon micro-electrolysis
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Abstract: The degradation of five naphthalene derivatives in the simulated wastewater was investigated using the iron-carbon
micro-electrolysis method. The optimal initial pH of solution and adsorption of iron-carbon and removal efficiency of the total
organic carbon(TOC) were investigated. The results show that the removal efficiency of the naphthalene derivatives can reach
48.9%-92.6% and the removal efficiency of TOC is 42.8%—78.0% for the simulated wastewater with 200 mg/L. naphthalene
derivatives at ontimal pH of 2.0-2.5 after 120 min treatment. The deeradation of five napnhthalene derivatives with the
micro-electrolysis shows the apparent first-order kinetics and the order of removal efficiency of the naphthalene derivatives is
sodium 2-naphthalenesulfonate, 2-naphthol, 2, 7-dihydroxynaphthalene, 1-naphthamine, 1-naphthol-8-sulfonic acid in turn. It is
illustrated that the substituents of the naphthalene ring can affect the removal efficiency of naphthalene due to their

electron-withdrawing or electron-donating ability.
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1 Introduction

Naphthalene and its derivates are important
industrial chemicals and are used extensively in dye and
pharmacy industry. The wastewater contains naphthalene
dyestuffs and its intermediates are characterized by
darker color, higher concentration and toxicity, and is
difficult to be degraded under natural environment|[1].
Naphthalene ring has delocalization conjugated bond
composed of ten carbon atoms and this structure is quite
stable, so usual physical and chemical methods such as
adsorption, flocculating settling and biodegradation have
hardly satisfied effect[2,3]. Therefore it is very
meaningful to look for the economical and practical
technology that can be used for processing wastewater of
naphthalene series.

Micro-electrolysis (also called iron chip filtration)
has been one of the most effective pretreatment methods
of the wastewater [4]. The iron and carbon in cast iron
scrap (or added hard coke) can form a primary battery in
the electrolyte solution. The products of electrode have

high activity, and can cause electro-coagulation and
redox reaction with many components. Therefore organic
compounds are decomposed and decolorized[5]. The
micro-electrolysis as a pretreatment method of the
wastewater has been reported to treat the wastewater in
the dye-printing,

industry[4].  This
biodegradability of the wastewater[6] because it can be

electroplating and petrochemical

method can improve the
extensively used in many kinds of wastewater and the
treating cost is low. Researches of iron-carbon micro-
electrolysis at present are focused on decolourization of
wastewater of dye[7] and reduction of organics with iron
[8,9]. But few papers are reported about the effect of the
structure of the organic compounds on removal
efficiency in the micro-electrolysis.

In this study, the removal efficiency of naphthalene
derivatives using the iron-carbon micro-electrolysis
method is studied. By comparing the removal efficiency
of naphthalene derivatives with that of total organic
carbon(TOC) and that by using FeSO, the mechanism of
removal of naphthalene derivatives using iron-carbon
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micro-electrolysis method is determined, and the effect
of the substituents of the naphthalene derivatives on the
removal efficiency is investigaed.

2 Experimental

2.1 Materials

2-naphthol(99.5%)(NO), 1-naphthamine (99%)
(NM), sodium 1-naphthalenesulfonat(99%)(NS), 2, 7-
dihydroxynaphthalene(98.31%)(DHN) and 1-naphthol-8-
sulfonic acid(98%)(NSA) were purchased from Pingyuan
Zhangchen Chemical Co Ltd and used as received. The
cast iron scrap was obtained from The Second Nanjing
Machine Tool Work. The cast iron scrap was immersed
firstly for 120 min in 5% NaOH solution to remove the
oil film on the surface and then washed with water until
the eluate was neutral. Before being used, it was
immersed in the dilute sulfuric acid of pH=3 for 30 min
to remove the oxidation film on the surface in order to
increase the surface area and the activation. Then, it was
washed with water until the eluate was neutral. The
activated carbon with the particle size of 0.42-0.84 mm
was washed with water and dried at 100 “C. Before use,
it was absorbed in the measured solution until the
equilibrium was reached.

2.2 Experimental procedure
2.2.1 Iron-carbon micro-electrolysis method

The cast iron scrap and activated carbon were
mixed with the mass ratio of iron to carbon of 5:1 in the
organic glass reactor. 500 mL simulated wastewater with
200 mg/L. naphthalene derivative was added into the
reactor and the pH value of the mixture was adjusted
with the dilute sulfuric acid. Then, the compressed air
was pumped into the mixture to stir it and provide
enough oxygen for the micro-electrolysis reaction.
Sampling was carried out every 30 min. The pH value of
the simulated wastewater with naphthalene derivatives
was measured with ORION-818 acidometer (Orion
Electrochemical  Analytical Instrument Company,
America). The concentration of the naphthalene
derivatives in the upper clear solution was determined
with Carry50 ultraviolet spectrophotometer (Varian,
America). Then, efficiency(E,) of the
naphthalene derivative can be calculated by [(co—c)/
co] X 100%, where ¢, i1s the initial concentration of
naphthalene derivative, and ¢, is the concentration of
naphthalene derivative at different reacting time. TOC
analyzer (TOC-VCSN, Shimadzu) was used to measure
removal efficiency(E,) of TOC.

In order to study the effect of pH value on E,, five
500 mL simulated wastewaters with 100 mg/L
naphthalene derivative were adjusted to pH value of 1.5,
2.0, 2.5, 3.0 and 3.5, respectively, with dilute sulfuric

removal

acid. Then, the cast iron scrap and active carbon (mass
ratio of 5:1) were added into the simulated wastewaters
[10]. E, at 120 min was determined.
2.2.2 Tron-carbon adsorption method

The iron-carbon adsorption method was used to
measure the amount of the naphthalene derivative
adsorbed on the iron-carbon mixture. Its procedure was
the same as the above iron-carbon micro-electrolysis
method except no adjusting the pH value of the solution.
E, 1s expressed as the removal efficiency of the
naphthalene derivatives for the iron-carbon adsorption
method.

3 Results and discussion

3.1 Effect of pH of solution on £,

Fig.1 shows the relationship between the pH of the
simulated wastewater and E, at 120 min for each
naphthalene derivative. It is observed from curves 1 and
3 in Fig.1, the pH shows a large effect on £,. The largest
E, is obtained at pH=2.0 for the simulated wastewater
with NSA and pH=2.5 for the simulated wastewaters
with NM. For DHN (Fig.1, curve 4), the pH shows the
small effect on E, and its largest F, is located at pH=2.5.
For NO and NS (Fig.1, curves 2 and 5), when the pH is
less than 2.5, the pH has small effect on E, However,
when the pH is larger than 2.5, E, is significantly
decreased with increasing the pH. The largest E, is
located at pH=2.5. In balance, the largest E, is obtained
at pH=2.0 for the simulated wastewater with
1-naphthol-8-sulfonic acid and pH=2.5 for the simulated
wastewaters with other naphthalene derivatives.
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Fig.1 Relationship between £, at 120 min and pH of simulated
wastewater with different naphthalene derivatives: 1 NSA; 2
NO; 3 NM; 4 DHN; 4 NS

3.2 Comparison of £, and E,

Fig.2 shows the relationship between reaction time
and removal efficiency for the simulated wastewater with
the different naphthalene derivatives at the optimal pH.
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It is observed from Fig.2 that E, is much larger than E,
for each naphthalene derivative. The results demonstrate
that for removing the naphthalene derivatives in the
wastewater, the micro-electrolysis method is much better
than the absorption method because the naphthalene
derivatives can be adsorbed on carbon in the cast iron
scrap. But in the micro-electrolysis method, other
physical and chemical actions would play an important
role.

3.3 E, and E. of naphthalene derivatives
Fig.3 shows the relationship between the reaction
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Fig.2 Relationship between reaction time

with removal efficiency for simulated
with  different naphthalene
derivatives at optimal pH: (a) NSA; (b) NO;

(¢) NM; (d) NS; (e) DHN

wastewater

time and removal efficiency for the simulated
wastewaters with the different naphthalene derivatives at
the optimal pH. It is found that the pH of the simulated
wastewaters is increased with increasing the reaction
time. After 120 min reaction, the pH of the simulated
wastewaters changes from 2.0 or 2.5 to 4.7-49. It is
observed from Fig.3 that after 120 min reaction, the
order of E, for the five naphthalene derivatives is
NS(92.6%) > NO(81.3%) > DHN(66.0%) > NM(50.1%)
>NSA(48.9%) and the order of E, of five naphthalene
compounds is as the same as that of Eq, i.e. NS(78.0%)

>NO(69.1%)>DHN (58.1%)>NM(43.7%) > NSA
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(42.8%). In addition, it is found that E|, is larger than E,
for each naphthalene derivative because F, measurement
is based on the concentration of the naphthalene
derivative, but £, measurement is based on the amount of
the total organic carbon. It is illustrated that there are
physical and chemical actions and intermediates in the
iron-carbon micro electrolysis.

3.4 Kinetics of degradation of naphthalene derivatives
in micro-electrolysis

The relationship curves of In(cy/c;) with the reaction

time for the simulated wastewaters with different
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Fig.3 Relationship between reaction time

and removal efficiency for simulated
wastewaters with different naphthalene
derivatives at optimal pH: (a) NSA; (b) NO;

(¢) NM; (d) NS; (e) DHN

naphthalene derivatives at the optimal pH are shown in
Fig.4.

It can be observed from Fig.4 that In(cy/c,) for each
naphthalene derivative almost linearly changes with the
reaction time within the range of the experimental
concentration. Therefore, the apparent first-order kinetic
equation can be used:

In(co/c,)=kt (D

where k is the apparent first order rate constant, min .
k and half-lives(#,,) for each naphthalene derivative can
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be calculated. The data are listed in Table 1. The linear
correlation coefficients are 0.990—0.999.
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Fig.4 Relationship curves of In(cy/c,) vs reaction time for

simulated wastewater with different naphthalene derivatives at

optimal pH: 1 NSA; 2 NO; 3 NM; 4 NS; 5 DHN

Table 1 k and #,), values for five naphthalene derivatives

Derivative k/min”! 15/min
NS 0.01551 44.69
NO 0.010 99 63.07

DHN 0.006 42 107.97
NM 0.006 32 109.67
NSA 0.005 56 124.67

It can be found from Table 1 that the substituents
can significantly affect the reactivity of the naphthalene
derivatives in the micro-electrolysis. The order of k for
the five naphthalene derivatives in the micro-electrolysis
is NS> NO >DHN > NM > NSA. The result is in
agreement with that of F,,.

3.5 Mechanism for effect of substituents on £, of

naphthalene derivatives

When FeSO, is used to replace the cast iron scrap
and the other procedures are the same as those in the
micro-electrolysis, F, values at 120 min for the different
of FeSO, and for the simulated
wastewater with sodium 2-naphthalenesulfonate are
listed in Table 2. The results in Table 2 illustrate that the
action of FeSO, is similar to the cast iron scrap. In
addition, it 1s found that £, at 120 min for the simulated
wastewater with sodium 2-naphthalenesulfonate is

concentrations

Table 2 Effect of FeSO, on removal efficiency of NS

Volume of 0.1 mol/L FeSO, added/mL E /%
0 13
10 143
20 26.6
30 403

increased with increasing the concentration of FeSO;.
The only difference between the micro-electrolysis and
FeSO, treatment is that the pH does not change with the
reaction time in the FeSO, treatment.

It is reported that the cast iron scrap can form a
primary micro battery with carbon in the electrolyte
solution. The basic reactions in the micro battery are as
follows[11]:

Anode reaction: Fe—~Fe**+2¢

Cathode reaction: 2H"+2e— 2[H] ~ H,

Total reaction: Fe+2H" - Fe*™+H,

Thus, the nascent Fe** can be produced in the
iron-carbon micro-electrolysis. It can be oxidized to Fe’
with oxygen in the solution, forming Fe(H,0)s’", which
can further form different hydroxyl irons, such as
Fe(OH)*" or Fe(OH)} . These hydroxyl irons have the
strong flocculation[5]. They can form the floccules with
the various organic compounds and then these organic
compounds will precipitate from wastewater[12]. Then,
the organic compound can be removed from the solution.
It is obvious that when the pH of the solution is low, the
reaction rate in the micro battery can be increased,
leading to the increase in the concentration of Fe™'.
Thus, E, is increased. However, if the pH of the solution
is too low, the hydroxyl irons are not easy to be formed
so that E, is decreased. Therefore, there is an optimal pH
at 2.0 or 2.5 for the naphthalene derivatives. In addition,
H' is consumed in the micro battery reaction. Thus,
during the treatment, the pH of the solution will be
increased as indicated above.

The above results illustrate that the main removing
mechanism of the naphthalene derivatives in the
iron-carbon micro electrolysis is that the hydroxyl irons
can form the floccules with the various organic
compounds. Because the hydroxyl irons are the positive
ions, they are easy to form the floccule with the
compounds under the negative charge or high electron
cloud density. Thus, the influence of the substituents on
E, of the naphthalene derivatives can be explained with
the Hammett constant(o)[13]. The Hammett constant
represents the electron cloud density over a group[14].
A positive value of o of a substitute indicates that the
substitute is an electron-withdrawing group and a
negative value represents an electron-donating group.
For example, ¢ values of —NH,, —OH and —SO;H
are —0.66, —0.37[13] and  0.50[15], respectively.
MORAO[15] reported that a negative ion as a substituent
possesses the electron donating ability and can increase
the electron cloud density of the ring. Thus, a
naphthalene derivative with a negative ion as a
substituent is easy to interact with the hydroxyl iron ions.
On the contrary, a positive ion as a substituent has the
electron withdrawing ability and the electron cloud
density of the naphthalene ring is decreased. Therefore, a



WANG Yu-ping, et al/Trans. Nonferrous Met. Soc. China 16(2006)

naphthalene derivative with a positive ion as a
substituent is difficult to interact with the hydroxyl iron
ions. For NS and NM, the substituents of the naphthalene
ring are —SO; and — NHj; , respectively. Thus, the
hydroxyl iron ions are much easier to form the floccules
with NS than with NM. There are two —OH groups in
DHN, but only one in NO. The —OH group is an
electron-donating group. However, it was reported
[16,17] that the electro-donating ability of two —OH
groups on the same naphthalene ring is less than that of
one —OH group. Therefore, E, of NO is higher than
that of DHN. For NSA,
withdrawing group —SO;H and one electron-donating
group —OH. —SO;H is adjacent to —OH. Perhaps, in
the DHN, the interaction between —SO;H and —OH
groups will decrease the electron cloud density largely.
Thus, E, of NSA is remarkably decreased.

there are one electron

4 Conclusions

1) The iron-carbon micro-electrolysis method can
effectively remove the naphthalene derivatives from the
simulated wastewater.

2) It 1s found that in the iron-carbon micro-
electrolysis, the degradation of all of five naphthalene
derivatives shows the apparent first-order kinetics and
the order of E, 1s NS>NO>DHN>NM>NSA.

3) E, is related to the electron-donating ability or
electron-withdrawing ability of substitents.

4) The main mechanism for removing the
naphthalene that the naphthalene
derivatives can form the floccule with the hydroxyl iron
ions produced from the reaction of the iron-carbon micro
electrolysis.

derivatives 1S
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