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a b s t r a c t

This paper deals with treating high phenol-concentrated wastewater from coal gasification by man-
ganese oxide method. Mixed-phase manganese oxides of manganite and hausmannite were synthesized
with industrial MnSO4 and NaOH by air oxidation. The effects of sulfuric acid dosage, reaction time,
temperature, manganese oxide grain size and concentration on removal efficiency of total phenols were
studied with laboratory bench-scale experiments. The results indicated that the removal process was
more effective under the experimental conditions, i.e. acidified media at pH < 4 and an excessive amount
of fine particles with a long reaction time. Solution pH and manganese oxide concentration were two
henolic wastewater
H
xidation

of the most important factors which should be well regulated to guarantee higher removal rate. The
mixture of manganite and hausmannite showed improved activity for removal of total phenols, TOC and
CODCr as compared with MnO2 (AR) but similar to cryptomelane and K-birnessite. Most of organic con-
taminants especially phenol which occupied absolute predominance in initial wastewater were removed
to enhance the biodegradability for further biological treatment. This investigation will provide funda-
mental method for developing a pretreatment method of industrial phenolic wastewater with flexibility,
simplicity and high activity.
. Introduction

Phenolic wastewater is a typical kind of industrial effluents
ith high toxicity and poor biodegradability. Huge quantities of
henol-polluted waters are formed from many chemical oper-
tions including coking, coal gasification, oil refineries, plastics,
esticides, steel and phenolic resin production [1,2]. Phenolic com-
ounds and their derivatives are considered preferred controlled
ollutants in water since they can pose a severe health haz-
rd as mutagens and carcinogens and cause serious damage to
quatic animals and microorganisms even at low concentrations
3–6]. Various species of phenolic pollutants at high concentrations
rom hundreds to thousands mg/L are identified in the indus-
rial wastewaters especially from heavy chemical or petrochemical
ndustries. Once released into the environment, they may have
dverse effects on ecological health and represent a serious envi-
onmental problem [7]. Therefore, removal of phenolic compounds

rom wastewater becomes urgent in the field of practical industrial
astewater treatment.

At present, the common remediation methods to deal with
henolic compounds contain physical, chemical and biological
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processes. Removals of phenols at high concentrations are accom-
plished through physical or chemical processes, namely adsorption
by activated carbon [8] or clays [9], solvent extraction [10], liq-
uid membrane [11], coagulation [12], bubble [13]/wet air oxidation
[14], ozonation [15], photocatalytic oxidation [16] and decompo-
sition by Fenton reagents [17]. Although effective, some of these
techniques present a number of disadvantages for example high
cost and non-regenerant property of activated carbon material [18]
or disposal of toxic residues in liquid–liquid extraction method [19].

Biodegradable approaches such as traditional activated sludge
process, novel bioreactors [1,20] and bioaugmentation strategies
[21], are the most widely used and economical alternative in
phenolic wastewater treatment. Despite that biological treatment
processes cannot treat phenolic wastewater at high concentrations
successfully. It is ascribed to the inhibitory growth of microorgan-
isms at a high concentration of phenolic wastewater, thus resulting
in low biodegradability [22]. Biological techniques are feasible
at intermediate concentrations ranging from 5 to 500 mg/L [23],
preferably not more than 300 mg/L [24]. Therefore, it is necessary
to pretreat phenolic wastewater to make biochemical treatment

easier [25]. In practice solvent extraction, coagulation, agitation
and even dilution are the most important techniques used in high
phenol-concentrated wastewater pretreatment [25–27]. The effect
of pretreatment process directly determines the stability and valid-
ity of following biodegradation.

http://www.sciencedirect.com/science/journal/13858947
http://www.elsevier.com/locate/cej
mailto:czfan2006@yahoo.com.cn
mailto:ahlu@pku.edu.cn
dx.doi.org/10.1016/j.cej.2010.02.042
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Table 1
Some water quality indices of phenolic wastewater from
coal gasification.

Water quality index Original wastewater

pH 7.25
Total phenols (mg/L) 969
CODCr (mg/L) 5825
TOC (mg/L) 2295
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BOD5 (mg/L) 100
CODCr/TOC 2.54
BOD5/CODCr 0.017

Within the group of pretreatment processes, oxidation by man-
anese oxide minerals to remove phenols is put forward and gives
ood results in this study. Manganese oxides and hydrates are ubiq-
itous in soils and sediments and are some of the most redox
eactive mineral constituents in environments [28]. They are effi-
ient in accepting electrons from phenolic compounds, which have
een proven to be utilized as oxidants or catalysts for removal of
henols and their derivatives with low concentration by oxidation
29–32]. However, little is known about the efficiency of manganese
xides on real wastewater. In this work we used the mixed min-
rals of manganite and hausmannite to treat phenolic wastewater
rom gasworks. The main goal of our work is to provide a more cost-
ffective and efficient pretreatment method to solve the puzzle of
igh phenol-concentrated wastewater treatment.

. 2 Materials and methods

.1. Materials

All chemicals, analytical grade, were supplied by Sinopharm
hemical Reagent Beijing Co., Ltd., China unless otherwise stated.
eionized water was used as the solvent and scour. Manganese

ulfate for manganese oxide preparation was of industrial grade
nd provided by Guangxi Dameng Industry Co., Ltd., China.
ichloromethane of high performance liquid chromatography
rade was purchased from DikmaPure Co., Ltd., USA.

Active manganese oxides mainly used in this work were syn-
hesized with MnSO4 and NaOH. In 10 L of reaction system, 0.2 M

nSO4 solution with 0.4 M NaOH solution were mixed at room
emperature. Air was bubbled through the mixture solution at flow
ates of 120 and 100 L/min, respectively, for 3 h by two air com-
ressors. The precipitate was separated from suspension, air-dried
nd then grinded to certain gain sizes. Powder X-ray diffraction
esults demonstrated that the presence of poorly crystalline min-
rals with mixed phases of manganite (�-MnOOH, mainly) and
ausmannite (Mn3O4). The surface area was 71.8 m2/g by B.E.T
nalysis of N2 adsorption at 77 K. Other manganese oxides for com-
arison contained cryptomelane, K-birnessite synthesized in the
ptimal conditions as reported in the literature [33] and MnO2 with
nalytical purity.

.2. Phenol-polluted wastewater

A typical phenolic wastewater from the process of coal gasifica-
ion was collected from Harbin gasification plant, China. The main
haracteristics are intensive violet-dark brown color, strong spe-
ific offensive smell, a large number of bubbles and high degree
f organic pollution. Some relevant indices of water quality are
hown in Table 1. CODCr/TOC ratio and BOD5/CODCr ratio have been

hosen as biodegradability indicators. Both of them explain this
queous water hardly biodegradable [34,35]. The chemical con-
tituents of this coal-gasification wastewater are very complicated
s shown in Fig. 1 and Table 2. Phenol accounts for the largest
oncentration among these organic compounds. Other phenolic
Fig. 1. The total ion chromatograms of original phenolic wastewater from coal gasi-
fication plant (A) pH 7, (B) pH 2, (C) pH 12.

pollutants contain phenol, 2,4-bis(1,1-dimethylethyl)- (No. 14) and
1,2-benzenediol (No. 21). Benzene series compounds, pyridinones,
ketones, aldehydes, long-chain alkanes and organic acids present
also contribute to CODCr and TOC determinations, some of which
show characteristics of POPs and/or EDCs.

2.3. Methods
Degradation of phenols in coal-gasification wastewater in the
presence of a mixture of manganite and hausmannite was inves-
tigated. A weighed amount of manganese oxide powder with
restricted grain size was first introduced into 50 mL phenolic
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Table 2
Compositions of organic compounds in phenolic wastewater corresponding to Fig. 1.

No. Retention time (min) m/z Integral area Compounda

1 10.437 94, 66 4,380,0191 Phenol
2 11.610 67, 110 350,233 2-Cyclopenten-1-one, 2,3-dimethyl-
3 11.903 57, 71, 85 193,332 3-Ethyl-3-methylheptane
4 12.602 67, 123 165,385 2(1H)-pyridinone, 1-ethyl-
5 13.684 55, 75, 105 337,905 Silane, cyclohexyldimethoxymethyl-
6 14.604 71, 105, 133 334,819 Benzaldehyde, 2,4-dimethyl-
7 15.223 57, 71, 85 290,724 4,4-Dipropylheptane
8 15.462 57, 71, 85 479,943 Dodecane, 4-methyl
9 15.734 202, 328 1,289,462 Benzyl-chloro-mercury

10 16.114 57, 71, 85 196,651 Nonadecane
11 17.265 57, 71,85 177,778 Tetradecane
12 18.460 57, 71, 85 170, 018 Hexadecane,2,6,10,14-tetramethyl-
13 19.173 57, 71, 85 595,846 Tridecane,2-methyl-
14 19.535 57, 191, 206 890,024 Phenol, 2,4-bis(1,1-dimethylethyl)-
15 20.129 57, 71, 85 206,161 Heneicosane
16 23.931 57, 71, 85 419,259 Heptadecane, 2,6,10,15-tetramethyl-
17 5.455 55, 60, 73 134,625 Butanoic acid
18 8.275 60, 73 156,274 Pentanoic acid
19 12.215 60, 73, 87 343,299 Heptanoic acid
20 13.790 73, 84, 101 947,798 Octanoic Acid
21 14.199 64, 110 938,946 1,2-Benzenediol
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22 13.033 119, 134
23 23.786 57, 71, 85

a Possible compounds according to NIST standard spectra.

astewater in a 100 mL Erlenmeyer flask. A known volume of sul-
uric acid was also added into the flask. Two concentrations (1 and
M) of sulfuric acid were used to keep the errors of volume change

n a range of 0–2.6%. After mixing, samples were incubated in a
haking water bath at a rate of 150 rpm and a temperature for a
redetermined period of time. At the end of the experiment, the
uspension was filtered through 30–50 �m qualitative filter paper.
he pH value of the supernatant was measured, and an aliquot was
ampled for total phenols determination. In the control tests, five
eries of experiments were carried out to determine the effects of
cid dosage, reaction time, temperature, mineral concentration and
rain size on the removal rate of phenolic compounds from the
olution by the mixture of manganite and hausmannite. In general,
series of indexes of 40 g/L 58–74 �m manganese oxide powder,
.1 mol/L sulfuric acid, room temperature (25 ◦C) and reaction for
h were assessed, respectively. One parameter was discussed while
xing others.

The capabilities of manganese oxide mineral compositions con-
aining the mixture of manganite and hausmannite, cryptomelane,
-birnessite and MnO2 (AR) were studied by fixing up above reac-

ion conditions. The concentration of total phenols, CODCr, TOC, pH,
issolved Mn concentration and organic constituents of the filtrates
ere analyzed. At the same time, dissolved Mn in treated wastewa-

ers were precipitated by adjusting the solutions’ pH value to 9–10,
nd then after centrifugal sedimentation, CODCr and TOC in the
upernatant were determined again.

The concentration of total phenols was measured by bromide
ethod commonly used in factories for water quality determina-

ion (EPA 320.1). An excessive bromide agent would react with
he existing phenols and then iodometric method (EPA 345.1)
as used to measure excessive bromide agent to help calcu-

ate the total phenols [25]. The presence of manganous ion was
onsidered as a possible interference on phenol index. A known
oncentration phenol solution containing Mn2+ was titrated by
romide method, and the result errors were −3.8%, −6.1% and
3.3% respectively in three repeated experiments. So this inter-
erence of manganous ion was neglected in phenol detection. The
H value in the wastewater was tested with a Sartorius PB-10 basic
H meter. CODCr was measured by fast digestion spectrophoto-
etric method (HJ/T 399-2007) using Model HATO CTL-12 COD

apid determination instrument. TOC and BOD5 were examined
134,876 Benzene, 1,2,3,4-tetramethyl-
221,998 Heptadecane

by Shimadzu TOC-5000a instrument and WTW OxiTop IS 12-6
BOD instrument respectively. The Mn concentration was deter-
mined by potassium periodate spectrophotometric method (GB
11906-89). UV absorption scan was carried out by UV–visible spec-
trophotometer (Aglient 8453 UV spectrophotometer) after diluting
100 times. GC/MS research was used for organic constituents of
wastewater analysis by Aglient 7890/5975C GC/MSD chemsta-
tion with a 30 m × 0.32 mm × 0.25 �m HP-5MS capillary column. A
liquid–liquid extraction pretreatment using CH2Cl2 was conducted
at acidic, neutral and alkaline conditions respectively [36]. The par-
tial flow ratio was 1:10, and a temperature for the gasification
compartment was maintained at 280 ◦C. The temperature control
program registered initial 40 ◦C retaining for 9 min, then increasing
to 150 ◦C with an increment of 10 ◦C/min; after maintaining 2 min,
increasing to 280 ◦C with an increment of 5 ◦C/min; after retain-
ing 3 min, continuing to increase to 300 ◦C with an increment of
10 ◦C/min, and maintaining for 10 min.

3. Results

3.1. Effect of acid dosage

It has been established that the pH has a considerable influ-
ence on the performance of phenol removal by manganese oxides
[37]. In our work, the index of acid amount was used instead of
initial pH value because the initial reaction rate (Section 3.2) was
too rapid to measure the initial pH value. The sulfuric acid dosage
vs the rate of phenolic removal is shown in Fig. 2. It was obvious
that the efficiency of phenol removal increased evidently in more
acidic aqueous suspensions. After 2 h’ reaction, the concentration
of total phenols was reduced to 82 mg/L and the removal efficiency
was 92% when 0.16 mol/L sulfuric acid was added in (the initial
pH value was roughly detected at about 2.3). It was much better
than 729 mg/L at neutral conditions without the addition of acid.
However, when sulfuric acid dosage exceeded 0.1 mol/L, the con-
centration of total phenols did not reduce obviously and remained

at about 80–100 mg/L. Consequently, to cut down the treatment
cost, it was proposed that a sulfuric acid dosage of 0.075–0.1 mol/L
would be suitable and the effluent pH was at 4.7 at these conditions.
There were close ties between effluent pH and initial sulfuric acid
dosage. Increased pH explained an amount of Mn2+ dissolved with
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ig. 2. The effect of sulfuric acid dosage on removal of phenols by the mixture of
anganite and hausmannite and pH value of solution after reaction.

henols present in the suspensions. However, when acid dosage
ncreased continuously even to 0.16 mol/L, effluent pH did not
teadily decline but stabilized in the range of 4–5 at manganese
xide dosage of 40 g/L. This phenomenon was probably ascribed to
urface acid–base characteristics and high adsorption capability of
anganese oxides [38,39].

.2. Effect of reaction time

The initial rate of phenol oxidation significantly depends on pH,
oluble manganese, oxide: phenol ratio and redox potentials of
anganese oxides [30]. Fig. 3 represents the relationship between

he percentage of phenol removal and reaction time. The residual
henols decreased remarkably to 174 mg/L in just 10 min corre-
ponding to 82% removal rate. After half of an hour, the rate of
henol removals slowed down quite markedly. All the phenols
ould be almost removed from water body and pH 5 till reacting

or 6 h. The change trend of solution pH was in conformity with that
f phenol removal rate. It illustrated that proton was involved into
he process of oxidation of phenols by manganese oxides. However,
t was observed although 84% phenols had been removed, pH was
till at 2.8 after 20 min reaction time. Except by phenol oxidation,
t pH < 3.5 manganese oxides would dissolve by oxidation of water
s well [30].
.3. Effect of temperature

Fig. 4 displays the phenol removal as a function of liquid temper-
ture at 25, 40, 55 and 70 ◦C. It was found in our experiments that

ig. 3. The effect of reaction time on removal of phenols by the mixture of magnetite
nd hausmannite and pH value of solution after reaction.
Fig. 4. The effect of temperature on removal of phenols by the mixture of manganite
and hausmannite and pH value of solution after reaction.

the effect of temperature on removal performance was limited. The
concentration of total phenols in the wastewater was reduced from
969 to 99 mg/L at 70 ◦C which was close to 114 mg/L at 25 ◦C after
2 h reaction. By contrast the variation scope of pH at higher tem-
perature during the same time reaction was larger than that at low
temperature. Temperature might influence mineral surface chem-
istry properties such as intrinsic acidity constant and surface charge
[40,41]. The few investigations into metal oxides/hydroxides indi-
cate that pHPZC generally decreases with higher temperature [40].
Small temperature changes could also have a strong influence on
the stability of surface complex [41]. However, so far there are no
available data on the effect of temperature on the surface charge
and pHPZC of manganese oxides. The role of temperature on phe-
nol removal behavior by manganese oxide is uncertain, which is
based on surface complexion reactions. More comprehensive study
would be done on the variations in surface charge as a function
of temperature. Besides, in consideration of industrial process and
easily volatile problems of phenols, it is appropriate to set the reac-
tion temperature at room temperature or actual temperature of
influents.

3.4. Effect of grain size

A series of experiments were performed with five grades of man-
ganese oxide particle size. In Fig. 5, it revealed that small particles

resulted in a high removal efficiency of phenols. When the grain
size was at >198 �m, 74–107 �m and <58 �m, 775 mg/L, 814 mg/L
and 873 mg/L total phenols were removed, respectively. The solu-
tion pH increased from 3.2 to 4.6 with decreasing particle size. As is

Fig. 5. The effect of grain size on removal of phenols by the mixture of manganite
and hausmannite and pH value of solution after reaction.
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Fig. 6. The effect of oxide particle concentration on removal of phenols by the
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one hand, abundant manganese oxide particles are needed to pro-

T
I

(

ixture of manganite and hausmannite and pH value of solution after reaction
(*) adding the same amount of 0.1 mol/L sulfuric acid at different initial pH; (#)
djusting the initial pH 3–3.5 with injections of different quantity of acid.).

nown, the specific surface area is inversely related with the man-
anese oxide particle size [42]. The surface adsorption process is
ecessary for further chemical reaction of phenols on manganese
xide particle interface to occur [43]. Larger surface area provides
ore adsorption sites which assist phenols and proton be quickly

dsorbed onto the surface of manganese oxides to form complexes,
nd then accelerate the electron transfer rate. However, fine parti-
les cause trouble in engineering for instance requiring long time
or precipitation or more difficult to be separated from solution.
o the optimal grain sizes would be controlled in the range of
5–150 �m.

.5. Effect of manganese oxide concentration

The effect of manganese oxide dosage on total phenol removal
as analyzed in two ways: (1) adding the same amount of sul-

uric acid (0.1 mol/L) at different initial pH or (2) adjusting the
nitial pH 3–3.5 with injections of different quantity of acid. High
ffinity for protons of manganese oxide surface indicates that the
osage of acid should be regulated according to the oxide concen-
ration, so as to keep the initial pH value as consistent as possible.
s shown in Fig. 6, the removal of total phenols is related posi-

ively to the amount of manganese oxide particle as a result of
losely initial pH and changing trend in way (2). On the con-
rary, when sufficient protons are supplied in way (1), a high
emoval efficiency of 86% achieves at particle concentration of
0 g/L. There is no obvious enhancement with further increase
f manganese oxide. These results show that manganese oxide

xidation process can effectively degrade most of phenols in gasi-
cation plant wastewater, but it is important to coordinate with
he dosages of acid in order to guarantee good removal effi-
iency.

able 3
ndexes of original and treated phenolic wastewater by four kinds of manganese oxides.

Sample Index

Phenols (mg/L) pH Dissolved Mn
(mg/L)

Original wastewater 969 7.25 –
Treated by manganite and hausmmanite 99 4.08 2298
Treated by cryptomelane 45 3.12 2570
Treated by K-birnessite 99 4.25 2839
Treated by MnO2 (AR) 846 1.39 151

–): without detection.
Fig. 7. Electrochemical peak potential (vs std. H2 electrode) of phenol and reduc-
tion potential of manganite (Man.) and hausmannite (Haus.) at 25 ◦C at 10−6 M and
5 × 10−2 M Mn2+ activity, respectively, as a function of pH.

4. Discussions

Based on the above experimental results, the most important
factors which affect the removal efficiency of total phenols are
solution pH and manganese oxide concentration. The reactions of
oxidation degradation of phenols attribute to the interfacial behav-
ior on the manganese oxide particle [44]. Solution pH determines
the protonation reactions and formation of surface complexes
between phenols and manganese oxide [37]. Moreover, pH is of
great importance in changing the thermodynamic redox potentials
of manganese oxides and phenols [30]. For manganite and haus-
mannite used in our experiments, the redox potentials of them
at two Mn2+ activities as a function of pH are compared in Fig. 7
[45,46]. It is easy for manganite and hausmannite to degrade phe-
nol when pH < 4.5 and pH < 6 respectively at low Mn2+ activity of
10−6 M and this reaction is stronger at a more acidic environment.
However, low pH may also facilitate the release of reduction prod-
uct of Mn(II) or other oxidized organic substrate from manganese
oxide surface into solution [37], which results in abundance of Mn2+

activity. Released Mn(II) competes for the manganese oxide surface
sorption sites [43] as well as reduces the reduction potentials of
manganese oxides. With the diffusion of Mn2+ products away from
the surface, manganite and hausmannite can only oxidize phenol
at pH < 2 and pH < 3.5 respectively when Mn2+ activity increases to
5 × 10−2 M. Suspension pH rises quickly with released Mn(II) which
slows and finally prevents the reaction.

It is also suggested that there is a delicate relationship among
phenol removal efficiency, manganese oxide and acid dosage. On
vide enough sorption sites for phenols, which results in high initial
rates of phenol oxidation; on the other hand, too many protonated
surface sites will increase solution pH, which is unfavorable to the
reaction.

TOC (mg/L) COD (mg/L)

Before removal
of Mn

After removal
of Mn

Before removal
of Mn

After removal
of Mn

2295 – 5825 –
1547 809 6592 3020
1487 972 5653 2859
1528 969 6146 2870
2405 2200 6313 3996
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Manganese oxides with compositions of manganite and haus-
ig. 8. The UV scan results of original and treated phenolic wastewaters by the
ixture of manganite and hausmannite, cryptomelane, K-birnessite and MnO2 (AR).

In addition, the compositions and structures of manganese
xides have effects on removal efficiency. The influence of four
inds of manganese oxides on the degradation efficiency of total
henols, CODCr and TOC was studied in Table 3 with the mixture
f manganite and hausmannite, cryptomelane, K-birnessite and
nO2 (AR) respectively. Except MnO2 (AR), almost 90% of total

henols and 40% of TOC could be degraded by other three kinds
f manganese oxides after suspension reaction. The final pH also
emains low at 1.39 in MnO2 (AR)’s suspension because of its slow
eaction rate. All of the mixture of manganite and hausmannite,
ryptomelane and K-birnessite are similarly prepared with MnSO4
nd alkali by air oxidation. Well developed nano-scale crystals and
ariable valence of Mn content (Mn3+/Mn4+) give them good per-
ormance. Although pure MnO2 in the form of pyrolusite has the
imilar crystal structure as manganite [47], it is considered as “inac-
ive” for nonreactive nature of single Mn(IV). It is believed much

ore difficult to gain an electron by Mn4+ which requires a change
n spin state than by Mn3+ [30].

As in Table 3, reduction product of Mn(II) from oxidation of phe-
ols by manganese oxides makes contributions to CODCr to a certain
egree. After removal of Mn ions in solutions by alkali precipitation
ethod, CODCr decreased rapidly to half its original concentra-

ion. In the meantime, about 600–700 mg/L TOC diminished again.
n(OH)2 colloid formed from precipitation between the soluble
n2+ and OH− has amorphous particles and high adsorption capac-

ty. Part of organic pollutants were absorbed on its surface and
emoved from wastewater by filtration process. If air bubbles are
ntroduced into precipitation process of dissolved Mn (II), it can be
ollected in the form of manganese oxide and recycling used.

The constitutions of wastewater generate change and the con-
entration of contaminants decrease noticeably after treatment by
anganese oxide method. In UV scan shown in Fig. 8, it is found that

he contaminants which have strong absorption peaks between 200
nd 350 nm are well removed by manganese oxide treatment. It
s clear that the most of conjugated systems such as aromatic or
eteroaromatic molecules are eliminated by this process [48]. The
esidual absorbency shows some organic contaminants cannot be
emoved. The intensities of these peaks of the effluents treated by
he mixture of manganite and hausmannite, cryptomelane and K-
irnessite are much lower than that by MnO2 (AR). At the same
ime in GC-MS analysis, phenol which is extremely predominant in
uantity in initial wastewater and 1,2-benzenediol are not detected

n the effluents (Fig. 9A and C). Simultaneously, small peak of inter-

ediate product of p-benzoquinone in phenol oxidation reaction

s observed [37] (Fig. 9B). Although other organic pollutants still
emain, the intensities of abundance peaks decrease markedly and
he average removal rate achieve about 40–50%. Since the concen-
Fig. 9. The comparisons of (A) phenol, (B) p-benzoquinone, (C) 1,2-benzenediol in
original and treated phenolic wastewaters by the mixture of manganite and haus-
mannite, cryptomelane, K-birnessite and MnO2 (AR).

trations of organic compounds have been considerably reduced, the
remaining compounds are much easier to be utilized by microor-
ganism for further biological treatment, which results in increased
BOD5/CODCr of 0.36.

5. Conclusions
mannite were investigated for pretreatment of high concentration
phenolic wastewater from coal gasification. According to the exper-
imental results, the optimal operational parameters was confirmed
as follows: after 40 g/L 58–74 �m active manganese oxide par-
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icles reacted with 969 mg/L phenolic wastewater and 0.1 mol/L
2SO4 in 25 ◦C water bath with 150 rpm oscillatory rate for 2 h,

he removal efficiency of total phenols reached 90%. Solution pH
nd manganese oxide dosage are considered as the primary fac-
ors. The increase of acidity and manganese oxide concentration
an improve the total phenol removal efficiency evidently. It has
een proved to provide much better performance in removal
f total phenols, TOC and CODCr than MnO2 (AR), but similar
ctivity with cryptomelane and K-birnessite. After treatment, phe-
ol which constitutes a extremely high proportion in the raw
astewater and 1,2-benzenediol cannot be detected out. Man-

anese oxide approach eliminates most of organic compounds and
ncreases the biodegradability of the effluent. This method also
ffers several important advantages that no special equipments,
ostly chemicals and complex operations are required. Therefore,
t will be designed as a feasible pretreatment process for industrial

astewater.
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