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There  is strong  synergistic  effect
between  Fenton’s  reagent  and  skele-
ton builders.
Through  RSM  optimization,  water
content of  sludge  cake  can  be reduced
to 49.54%.
The  composite  conditioner  can  make
sludge  flocs  disintegrate  into  small
particles.
The  composite  conditioner  can
promote senescence  and  death  of
microorganism.
The  composite  conditioner  can
provide  a  rigid  porous  structure  in
sludge  flocs.
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a  b  s  t  r  a  c  t

Conditioning  sewage  sludge  with  Fenton’s  reagent  and  skeleton  builders  has been  proved  to  be an
effective  mean  to achieve  deep  dewatering.  This  work  aimed  to  give  a comprehensive  insight  into  the
mechanism  involved.  The  results  show  that  significant  synergistic  effect  existed  between  Fenton’s  reagent
and  skeleton  builders.  With  the  optimum  dosage,  water  content  of  dewatered  sludge  cake  could  be
reduced  to 49.5  ± 0.5%.  Furthermore,  raw  sludge  existed  in  the  form  of zoogloea  and  its flocs  surface
was  plate-like.  After  Fenton  oxidation,  partial  of extracellular  polymeric  substances  (EPS)  was  destroyed
and  the  amounts  of  protein  and  polysaccharide  dissolved  in  filtrate  increased.  Meanwhile,  sludge  flocs
turned  into  smaller  ones.  After  adding  skeleton  builders,  constantly-changing  environment  promoted
ewaterability
xidation
keleton builders

senescence  and  death  of  microorganism.  A large  area  of plate-like  structure  disappeared,  instead  of
which  were holes.  Irregular  non-living  things  inlayed  or pierced  microbial  cells,  promoting  the  conver-
sion  from  bound  water  to free water  as  well  as  further  reduction  of the sludge  particle  size.  Additionally,
these  irregular  substances  could  form  a rigid  porous  structure  under  high  pressure,  which  could  trans-
mit  the  stresses  to  the sludge  internal  parts  and  provide  outflow  channels  for free  water.  Consequently,
conditioned  sludge  was  suitable  for high  pressure  deep  dewatering.
∗ Corresponding author. Tel.: +86 27 87792207; fax: +86 27 87792101.
E-mail addresses: jkyang@mail.hust.edu.cn, yjiakuan@hotmail.com (J. Yang).
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1. Introduction
Sewage sludge is difficult to dewater, which is a bottleneck in
sludge treatment and disposal process. Nowadays, the dewatered
sludge cake which conditioned with traditional organic polymer
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Table  1
Characteristics of RS.

Batch pH Water content (%) COD (mg/L) SCOD (mg/L) TSS (g/L) VSS/TSS (%) Protein content (mg/L) SRF (1013 m/kg)
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of the water content of the dewatered sludge cakes was taken
as response (Y). When experimental data were analyzed by the
RSM procedure of the statistical analysis system and fitted to an

T
C

1 6.0 96.6 24,900 357 

2  6.5 95.9 35,471 146 

till keeps a high water content of 75–85% (w/w) [1,2], failing to
eet the increasingly stringent regulations and the requirements

f subsequent disposal. Therefore, new technologies are urgently
eeded to enhance dewaterability so as to achieve deep dewater-

ng of sewage sludge. According to previous researches, effective
igh-pressure dewatering requires making extracellular polymeric
ubstances (EPS) dissolved, in which bound water retained [3–5],
nd maintaining porous structure, through which water withdraw
6,7].

Fenton peroxidation has been demonstrated to be a promising
dvanced sludge treatment method for degrading the EPS [8,9].
enton’s reagent is a mixture of H2O2 and Fe2+. As presented in
q. (1) [10], Fe2+ catalyzes the decomposition of H2O2 to form •OH,
hich is capable of decomposing a number of organic substances.

e2+ + H2O2 → Fe3+ + •OH + OH− (1)

In recent years, there are many researches focusing on the
nhancement in filtration and dewatering efficiency of sludge
onditioned by Fenton’s reagent [11–14]. For instance, with the
xtremely high addition of 5000 mg/L Fe2+ and 6000 mg/L H2O2,
he specific resistance to filtration (SRF) and capillary suction time
CST) were reduced from 9.162 × 109 m/kg to 6.149 × 109 m/kg and
rom 30.5 s to 15.7 s, respectively [14]. Although Fenton peroxida-
ion is an effective mean to destroy the structure of EPS, it cannot
orm porous structure in sludge cake. Thus, conditioning effects are
ot satisfactory. In addition, high dosage of Fenton’s reagent lead
o high cost, hampering its practical application at larger scales.

Meanwhile, efforts have been put into forming porous structure
n highly compressible sludge cakes as well. To avoid the closure of

ater filtration channel under high pressure, physical conditioners
skeleton builders) are commonly used to form a permeable and
igid lattice structure in sludge cakes [7]. Hydrated lime and fly
sh were the earliest skeleton builders used by Zall et al. [6]. Then

 large number of studies have been conducted during the past
ew decades, proving the ability of coal fines, coal fly ash modified
y sulfuric acid (MCFA), lignite and etc. in remaining mechanical
trength and permeability of sludge cakes under relative high filter
ressure [15–20]. Although using skeleton builders is an effective
ean to form porous structure in sludge cake, it cannot destroy

he structure of EPS. Thus, conditioning effects are also not sat-
sfactory. In addition, large dosages of skeleton builders lead to
xpanding sludge volume, increasing the burden the subsequent
ludge disposal.

In order to make best use of the advantages and bypass the dis-
dvantages of Fenton’s reagent and skeleton builders, our primary
tudy [21] reported the significant enhancement in dewaterability
f sludge conditioned by an inorganic composite conditioner (Fen-

on’s reagent combined with lime and ordinary Portland cement).
t optimal condition which was obtained through a series of
ingle-factor experiments, the SRF reduction efficiency reached
p to 95%. To further optimize this composite conditioning – deep

able 2
hemical compositions of the skeleton builders.

Skeleton builders SiO2 CaO Al2O3 Cl−

Lime 6.7 60.1 – – 

OPC  20.6 58.8 5.4 0.0 

a LOI = loss of ignition.
31.5 0.47 4958 1.0
43.0 0.42 6097 1.5

dewatering technique, a comprehensive in-depth investigation
on related mechanisms are needed. Therefore, in this study, the
interactions between Fenton’s reagent and skeleton builders have
been analyzed through response surface methodology (RSM). EPS
decomposition and rigid skeleton builders’ formation behavior
were studied by direct observation of sludge properties.

2. Experimental

2.1. Experimental materials

Raw sludge (RS) used in this study was  a mixture of sludge
from the primary and secondary sedimentation tanks of a wastewa-
ter treatment plant, Wuhan, China. The main characteristics of RS,
which were stored at 4 ◦C, are listed in Table 1. Quick lime and 42.5
ordinary Portland cement (OPC) were used as skeleton builders,
which were milled and sieved to less than 0.5 mm in particle size.
Their chemical compositions are summarized in Table 2.

2.2. Conditioning and dewatering process

50 L of sludge samples were carefully transferred into a condi-
tioning tank. Although Neyens et al. [1] reported pH 3 to be more
optimal, our primary study [21] has demonstrated that pH 5 was  the
optimal condition. In this composite conditioning process, strong
acidic caused by Fenton’s reagent would weaken the effective-
ness of strong alkaline skeleton builders. Therefore, sludge pH was
adjusted to 5 by adding H2SO4 (40 wt%). Afterwards, Fe2+ (FeSO4)
solution and H2O2 were added into the sludge successively. When
60 min  of Fenton peroxidation was completed, the sludge mixture
was further conditioned by OPC and lime. Finally, the sludge was
dewatered by the filter press (shown in Fig. 1) consisting of a 40 min
pressing phase with a pressure of 0.6–0.9 MPa  and a 5 min filter
cloth expanding phase with a pressure of 1.0–1.1 MPa.

2.3. Experimental design

A Box–Behnken experimental design [22] was chosen to eval-
uate the combined effects of the four independent variables at
three levels (all data are based on dry sludge solids) which were
determined based on preliminary tests [23], as shown in Table 3.
All the experiments were conducted in triplicate and the average
empirical quadratic model, quadratic equation for the variables
was expressed as Eq. (2) [22]:

Y = ˇ0 + ˙ˇiXi + ˙ˇiiX
2
i + ˙˙ˇijXiXj (2)

MgO  Na2O + K2O Fe2O3 SO3 LOIa

1.5 – – – 22.6
3.3 0.6 2.9 2.4 4.0
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Fig. 1. Filter pre

here Y is the predicted response, water content of sludge cakes; Xi
nd Xj (i = 1, 2, 3, 4 and j = 1, 2, 3, 4) are the coded value of indepen-
ent variables; ˇ0, ˇi, ˇii and ˇij (i = 1, 2, 3, 4 and j = 1, 2, 3, 4) are the

jth model regression coefficient parameters which are estimated
y multiple linear regression analysis using the software Design
xpert.

.4. Analytical methods

To clarify the conditioning mechanism of Fenton’s reagents,
PC and lime, a set of experiments with different formulations (S-
: raw sludge; S-2: sludge conditioned by Fenton’s reagent; S-3:
ludge conditioned by OPC; S-4: sludge conditioned by lime; S-5:
ludge conditioned by Fenton’s reagent and OPC; S-6: sludge con-
itioned by Fenton’s reagent and lime; S-7: sludge conditioned by
PC and lime; S-8: sludge conditioned by Fenton’s reagent, OPC
nd lime.) were conducted. The dosages of each component are
etermined by the optimized results from RSM. Protein content in
ltrate was determined by the modified Lowry method [24] using
ovine albumin as standard, while polysaccharide content in fil-
rate was measured by phenol sulfuric acid method [25], using
lucose as the standard. The mean particle size of the conditioned
ludge flocs was determined by Mini laser particle size analyzer
Marlvern, UK), which enables the measurement in the range of
.05–900 �m.  The biosolids of conditioned sludge were detected by
ptical microscope (OLYMPUS BX60) directly. Simultaneously, por-
ions of conditioned sludge were freeze-dried for scanning electron

icroscopy (FEI Quanta 450 FEG) observation. Ultrathin sections
ere prepared according to Deneux–Mustin’s method [26], and
hen examined with a FEI Tecnai G2 20TWIN TEM at an accelerating
oltage of 200 kV.

able 3
ange and levels of natural and corresponded coded variables for RSM of the inor-
anic composite conditioner to condition sewage sludge.

Variable Symbols Range and levels

Natural Codeda −1 0 1

Fe2+ dosage (mg/g) �3 X1 0 40 80
H2O2 dosage (mg/g) �4 X2 0 32 64
OPC  dosage (mg/g) �5 X3 0 175 350
Lime dosage (mg/g) �6 X4 0 225 450

a X1 = (�1-40)/40; X2 = (�2-32)/32; X3 = (�3-175)/175; X4 = (�4-225)/225.
atering system.

3. Results and discussion

3.1. RSM analysis

The conditioning schemes and the results of the three-level
experiments based on a Box–Behnken design are presented in Table
S1. The water content of sludge cakes varied from 49.9% to 77.7%.

In order to obtain the optimal conditions to achieve the lowest
water content and to determine whether there were interactions
between them, a multiple second-order polynomial equation was
established as Eqs. (3) and (4):

YCODED = 57.75 − 5.11 X1 − 4.53X2 − 4.01X3 − 4.78X4 + 2.09 X1X2

+ 2.38X1X3 + 2.54X1X4 − 0.30X2X3 + 2.42X2X4

+ 1.11X3X4 + 3.61X2
1 + 4.04X2

2 − 0.05X2
3 + 0.42X2

4 (3)

YACTUAL = 94.44233 − 0.48354�1 − 0.52580�2 − 0.040594�3

− 0.051940�4 + 1.63281 × 10−3�1�2

+ 3.40714 × 10−4�1�3 + 2.81667 × 10−4�1�4

− 5.31250 × 10−5�2�3 + 3.35417 × 10−4 × �2�4

+ 2.81905 × 10−5�3�4 + 2.25568 × 10−3 × �2
1

+ 3.94808 × 10−3 × �2
2 − 1.62177 × 10−6�2

3

+ 8.32757 × 10−6�2
4 (4)

where YACTUAL is the response (the water content of sludge cake);
X1 is Fe2+ dosage; X2 is H2O2 dosage; X3 is OPC dosage; X4 is lime
dosage; �1, �2, �3, �4 are the coded values of the dosages of Fe2+,
H2O2, OPC and lime, respectively.

Table S2 illustrates variance analysis for response surface
quadratic model. The Model F-value of 20.52 implies that the model
is significant. There is only a 0.01% chance that a “Model F-value”
this large will occur due to noise. Values of “Prob > F” less than
0.0500 indicates that model terms are significant. The F-value of
2.72 implies that the “Lack of Fit” is not significant relative to the
pure error, which is good for the model. An analysis of variance
(ANOVA), conducted to check the adequacy and the significance

of the response surface quadratic model, is listed in Table S3.
The squared regression statistic (R2) was 0.9535, and the “Pred
R-Squared” of 0.7574 was  in reasonable agreement with the “Adj
R-Squared” of 0.9071, which indicated a good consistency between



H. Liu et al. / Journal of Hazardous Materi

P
re

d
ic

te
d

 (
%

)
Predicted vs.  Actual

48.0

55.5

63.0

70.5

78.0

48.0 55.5 63.0 70.5 78.0

e
c
m
a
t
1
a
a
t
c
a
s

[
t
g
i
d
c
l
t
i

c
g
r

T
E

Actual (%)

Fig. 2. Comparison of predicted and actual results.

xperimental and predicted values, impling that the mathemati-
al model was  very reliable in the present study. “Adeq Precision”
easures the signal to noise ratio. A ratio greater than 4 was  desir-

ble. The value of 17.475 indicated an adequate signal. In addition,
he coefficient of variation was generally required to be less than
0%. The value of C.V.% (coefficient of variation), 3.48%, showed high
ccuracy and good reproducibility of this model. From Fig. 2, the
ctual and predicted experimental values were distributed along
he linear function, indicating that these values were in a significant
orrelation. Thus, it can be concluded that the polynomial model is

 reliable model to describe the composite reaction behavior in the
ewage sludge conditioning.

The F-value denotes the significance in the model equation
27,28]. The regression and corresponding value of “Prob > F” less
han 0.0500 indicates that model terms are significant while value
reater than 0.1000 indicates the opposite. As shown in Table 4,
ndependent factors A (Fe2+ dosage), B (H2O2 dosage), C (OPC
osage) and D (lime dosage) all have significant effects on the water
ontent of sludge cakes. The negative coefficients demonstrates a
inearly decreasing water content. The quadratic effects (A2, B2) and
he interactive coefficients (AC, AD and BD) also exhibit significant
nfluences.

The three-dimensional response surfaces (Fig. 3) and their

orresponding two-dimensional circular contour plots (Fig. S1)
enerated by Design Expert, are the visual illustration of the
elations between two interacting model terms with response,

able 4
stimated regression coefficients.

Factor Coefficient
estimate

DF Standard
deviation

F-value Prob (P) > F

Intercept 57.75 1 0.59
A-Fe2+ dosage −5.11 1 0.61 69.54 <0.0001
B-H2O2 dosage −4.53 1 0.61 54.64 <0.0001
C-OPC dosage −4.01 1 0.61 42.68 <0.0001
D-Lime dosage −4.78 1 0.61 60.86 <0.0001
AB  2.09 1 1.06 3.78 0.0692
AC  2.38 1 1.06 5.04 0.0414
AD  2.54 1 1.06 5.70 0.0317
BC  −0.30 1 1.06 0.078 0.7835
BD  2.42 1 1.06 5.17 0.0392
CD  1.11 1 1.06 1.09 0.3137
A2 3.61 1 0.83 18.73 0.0007
B2 4.04 1 0.83 23.50 0.0003
C2 −0.050 1 0.83 0.003547 0.9534
D2 0.42 1 0.83 0.26 0.6211
als 258– 259 (2013) 144– 150 147

while the third and fourth factors were kept constant at their
respective zero levels. It can be seen from Fig. 3a that a signif-
icant reduction of water content (75.6% → 55.9%) was achieved
when the Fe2+ and H2O2 concentration increased. Although the
enhancement of sludge dewaterability occurred at a broad range of
Fe2+/H2O2 dosages, they could only significantly reduced the water
content of sludge cakes when Fe2+/H2O2 dosages were more than
16/20 mg/g, respectively. The lowest water content predicted was
located within high Fe2+ dosage of 40–80 mg/g and H2O2 dosage of
30–62 mg/g. At bigger dosages of H2O2, the water content reduc-
tion rate was slightly affected negatively. The reason why excessive
addition of H2O2 caused a negative impact on dewatering perfor-
mance of sludge might be connected with excessive disintegration
of cell membranes. In this case, macro flocs would be broke up,
resulting in the production of a large amount of cell debris, which
is unfavorable to sludge dewatering.

Fig. 3b reveals that Fe2+ dosage and OPC dosage have strong syn-
ergistic effect on the reduction of water content (75.1% → 55.9%).
As shown in Fig. S1b, at Fe2+ dosage of 20–78 mg/g, an increase in
OPC dosage has a positive effect on water content reduction. In the
similar way, Figs. 3c and S1c display the significant enhancement
in water content reduction when the lime dosage increases.

Figs. 3d and S1d demonstrate that an increase in H2O2 concen-
tration could reduce the water content (67.8% → 55.9%) of sludge
cakes on a certain range; beyond that range less reduction of water
content was observed. For OPC, the larger the addition was, the
lower the water content of sludge cakes was. This tendency also
applied to the combination of lime and H2O2, seen as Figs. 3e and
S1e.

Figs. 3f and S1f present that response surface of the dosages of
OPC and Lime vs. predicted water content of sludge cakes is almost
flat, suggesting no significant interaction between OPC and lime.
It can also be inferred that bigger dosages of OPC and lime are
positively connected with lower water content.

The response surface analysis of the dosage of Fe2+, H2O2 and the
two skeleton builders provides the statistical foundation to achieve
the lowest water content of sludge cakes.

Design Expert software and response surface analysis were used
to determine optimum conditions of the operating variables in
the composite conditioning. Since the water content of dewatered
cakes and total amount of skeleton builders are the two key fac-
tors in the dewatering process, two sets of constraints were set as
follows: (A) All the factors were in range while water content of
dewatered cakes was minimized (at least lower than 50%). (B) The
total amounts of OPC-lime addition were less than 500 mg/g while
water content of dewatered sludge cakes was minimized.

Two  additional experiments using each optimum operating con-
ditions above were conducted to validate the model. The selection
of the optimum dosages was  both water-content-oriented and
cost-oriented. The solutions of process variables and experimen-
tal results are listed in Table 5. The replicate experiments yielded
dewatered cakes with water content of 49.5 ± 0.5%, 51.2 ± 1.4%,
53.8 ± 0.6% and 53.8 ± 0.9%, respectively, which were in close
agreement with the model prediction. The results clearly demon-
strate the effectiveness of the model to optimize the composite
conditioning effects.

3.2. Mechanism clarification

For traditional centrifugal dewatering or vacuum filtration of
sludge conditioned by organic polymer, it is well known that
increase in particle size and neutralization of negatively charge

are in favor of improving sludge dewaterability [29,30]. But for
high pressure dewatering such as filter press, different results were
obtained. As shown in Fig. 4, the amount of large flocs decreased
while that of small ones increased after conditioning process,
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Fig. 3. Response surface plots: (a) dosages of Fe2+ and H2O2 vs. predicted water content 

cakes;  (c) dosages of Fe2+ and lime vs. predicted water content of sludge cakes; (d) dosage
and lime vs. predicted water content of sludge cakes; (f) dosages of OPC and lime vs. pred
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Fig. 4. Particle size distribution of sludge conditioned by different conditioners. (S-
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nd  OPC; S-6: sludge conditioned by Fenton’s reagent and lime; S-7: sludge con-
itioned by OPC and lime; S-8: sludge conditioned by Fenton’s reagent, OPC and

ime).

ndicating that Fenton’s reagent and skeleton builders are both

ble to facilitate the dispersion of sludge flocs other than aggre-
ation. This phenomenon was more obvious when combinating
wo kinds of conditioners, which further demonstrated significant
nteraction between them. High active •OH decreased the sludge

able 5
erification experiments at optimum conditions.

Run Fe2+ dosage (mg/g) H2O2 dosage (mg/g) OPC dosage 

A-5 33.8 40.3 350.0 

A-15  24.1 34.3 350.0 

B-5  53.3 44.1 218.8 

B-12  53.4 40.7 218.8 
of sludge cakes; (b) dosages of Fe2+ and OPC vs. predicted water content of sludge
s of H2O2 and OPC vs. predicted water content of sludge cakes; (e) dosages of H2O2

icted water content of sludge cakes.

particle size through destroying the structure of EPS, while skele-
ton builders functioned in sludge particle size by its alkaline. Joint
usage strengthened the conditioning efficiency. In other words, dis-
persed small particles, compared to aggregated large flocs, are more
suitable for high pressure dewatering.

EPS has been proven to be an important factor in mechani-
cal dewatering of sewage sludge [3]. To get a clear indication on
how Fenton’s reagent and skeleton builders influence the EPS of
sludge, the concentrations of the main components of EPS, i.e. pro-
teins and polysaccharides, in the filtrate of untreated and treated
sludge were measured. It can be seen from Fig. 5 that the chang-
ing tendencies of protein and polysaccharide concentrations were
similar. The amounts of protein and polysaccharide dissolved in
the filtrate of sludge conditioned by Fenton’s reagent, OPC, lime,
respectively, were bigger than that in RS, confirming that each of
the three conditioners can destroy and dissolve EPS, thus improving
sludge dewatering performance to some degree. Joint usage further
increased the dissolved EPS, reconfirming the interactions between
them.

Micrographs are intuitive evidence for changes in the sludge.
Figs. 6a and 7a reveal that raw sludge existed in the form of
zoogloea, bacteria with different shapes gathered in microcolonies,
and EPS filled the voids between the microorganisms. After Fenton

oxidation, the sludge particles presented as dispersion state, and
floc boundaries were generally ill-defined (Figs. 6b and 7b). The
presence of skeleton builders which existed as non-living things
with irregular shape could also make sludge particles scatter to

(mg/g) Lime dosage (mg/g) Water content of sludge cakes (%)

Predicted Experimental

450.0 50.1 49.5 ± 0.5
450.0 50.9 51.2 ± 1.4
281.2 54.1 53.8 ± 0.6
281.2 54.2 53.8 ± 0.9
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Fig. 5. Protein and polysaccharide concentration in sludge filtrate (S-1: raw sludge;
S-2: sludge conditioned by Fenton’s reagent; S-3: sludge conditioned by OPC; S-4:
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OPC  and lime; S-8: sludge conditioned by Fenton’s reagent, OPC and lime).

Fig. 6. Micrographs of (a) RS; (b) sludge conditioned by Fenton’s reagent; (c) sludge cond

Fig. 7. TEM images of (a) RS; (b) sludge conditioned by Fenton’s reagent; (c) sludge cond
and  lime.

Fig. 8. SEM images of (a) RS; (b) sludge conditi
als 258– 259 (2013) 144– 150 149

some extent due to their strong alkaline (Figs. 6c and 7c). Fur-
thermore, the differences to RS were more obvious after sludge
being conditioned by combining them. It is worth notice that joint
usage can obtain several special effects: aggregates developing in
the flocs (Figs. 6d and 7d), constantly-changing environment pro-
moting senescence and death of microorganism (many empty cells,
as shown in Figs. 7e). Under high pressure, the bound water in these
dead cells can be easily removed. Meanwhile, non-living things
with irregular shape inlayed or pierced microbial cells, promoting
the conversion from bound water to free water.

TEM observations were carried out on the two-dimensional
ultrathin sections. In addition, a more direct examination of flocs
may  be achieved using SEM on freeze-dried raw and conditioned
sludge. Fig. 8a shows the morphology of raw sludge’s cotton wool
structure. The surface of these aggregate flocs seems to be flake
like. After the composite conditioning (Fig. 8b), flake like structure
disappeared, instead of which were irregular ones. Sludge parti-
cles turned smaller and column crystals emerged. These irregular
substances could form a rigid permeable lattice structure under

high pressure. On one hand, this hard structure can transmit the
stresses to the inner parts of sludge flocs during mechanical dewa-
tering process. On the other hand, this hard structure can provide
outflow channels for free water.

itioned by OPC and lime; (d) sludge conditioned by Fenton’s reagent, OPC and lime.

itioned by OPC and lime; (d) and (e) sludge conditioned by Fenton’s reagent, OPC

oned by Fenton’s reagent, OPC and lime.
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. Conclusions

To further optimize the composite conditioning – deep dewater-
ng technique, a comprehensive in-depth investigation on related

echanisms were conducted. The results indicate that each condi-
ioner component has significant effect on sludge deep dewatering
rocess. After RSM optimization, the water content of dewatered
ludge cake could be dropped to 49.5 ± 0.5% under the condi-
ions comprising Fe2+, H2O2, OPC and lime dosages of 33.8 s mg/g,
0.27 mg/g, 349.95 mg/g, 499.99 mg/g, respectively. The exper-

mental results also demonstrated that raw sludge existed in
he form of zoogloea and its flocs surface was plate-like. After
enton oxidation, partial of extracellular polymeric substances
EPS) dissolved and sludge flocs turned into smaller ones. After
keleton builders’ conditioning, constantly-changing environment
romoted senescence and death of microorganism. A large area of
late-like structure disappeared, instead of which were irregular
oles. Meanwhile, non-living things with irregular shape inlayed
r pierced microbial cells, promoting the conversion from bound
ater to free water as well as further reduction of the sludge par-

icle size. Additionally, these irregular substances could form a
igid porous structure under high pressure, which can transmit the
tresses to the inner parts of sludge flocs and provide outflow chan-
els for free water. Consequently, sludge dewatering performance
as enhanced significantly.
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