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a b s t r a c t

High pressure homogenization (HPH) pretreatment can improve the sludge anaerobic digestion; how-
ever, the physical and chemical properties of homogenized sludge are completely unclear. The effect of
HPH treatment on the physicochemical properties of homogenized sludge was studied. The disintegra-
tion degree and soluble chemical oxygen demand increased with the increment of homogeneous
pressure and cycle, showing effective organic release from sludge solid to liquid after HPH treatment.
Besides the organic, volatile fatty acid and NH4

þ-N were also released. The HPH treatment significantly
disrupted sludge flocs, and the median sludge size starkly decreased from 48.26 to a range of 9.375
e15.54 mm. The increase of homogenization pressure and cycle led to an insignificant change of sludge
particle size, but the distribution of sludge particle size obviously changed and the volume of small
particles obviously increased. Zeta potential of sludge liquid obviously decreased and apparent viscosity
significantly increased after HPH treatment; however, the homogenization pressure and cycle displayed
insignificant influence on them. Surface tension of sludge liquid decreased with the increase of ho-
mogenization pressure and cycle. The change of sludge physiochemical properties may be mainly
attributed to the extracellular polymeric substances release from sludge flocs. The results may provide
deeper insights why the sludge anaerobic digestion can be effectively improved by HPH pretreatment.

© 2015 Elsevier Ltd. All rights reserved.

Introduction

At the beginning of 20th century, activated sludge method
began to be applied in wastewater treatment, and now it has
become one of the most widely used techniques around the world.
The activated sludge processes produce a large amount of excess
sludge, which may cause a serious of environmental and health
issues. Cost of sludge treatment and disposal accounts for about
half or even up to 60% of the total cost in wastewater treatment
plants (WWTPs) (Luo et al., 2013). To minimize and utilize the
excess sludge is becoming the most important and challenging
problems in the field of wastewater treatment (Zhang et al., 2009).
Various pretreatment techniques have been studied in laboratory,
pilot and also in full-scale for sludge reduction, which mainly

include physical, chemical and mechanical methods (Tiehm et al.,
1997; Rai and Rao, 2009; Kim et al., 2010; Braguglia et al., 2012).

As a well-known mechanical method for cell disruption, high
pressure homogenization (HPH) treatment was mainly used for the
food stabilization and dairy emulsions (Paquin, 1999). Recently,
several studies have been reported that HPH was applied to sludge
disintegration for improving anaerobic sludge digestion (Onyeche
et al., 2003; Rai and Rao, 2009; Fang et al., 2014). When the
sludge is pumped through homogenization valve, the pressure in-
creases and then is immediately released as the sludge passes
through (Floury et al., 2004). Several different stresses, such as large
pressure drop, highly focused turbulent eddies and strong shearing
forces, work for sludge disintegration. In addition, pressure energy
can be converted into heat and further be transmitted to the fluid,
raising the fluid temperature (Thiebaud et al., 2003). The effec-
tiveness of HPH is affected by several factors, such as homogeni-
zation pressure, number of homogenization cycles, and total solid
content (TS), which has been investigated extensively. The increase
of homogenization pressure or homogenization cycle significantly
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improved the sludge disintegration, while the increase of TS low-
ered the sludge disintegration efficiency (Zhang et al., 2012b). HPH
treatment as a disintegration method has several advantages, for
example, no obviously chemical changes, high disruption efficiency
and simple operation (Barjenbruch and Kopplow, 2003).

Most researchers focused on the organic conversion between
sludge solid and liquid phases with a HPH pretreatment. Camacho
et al. (2002) reported that the applied shear forces by HPH led to a
progressive cell break up and 90% total chemical oxygen demand
(TCOD) could be maximally released from sludge particulate frac-
tion. Zhang et al. (2013) showed that both total suspended solid
(TSS) and volatile suspended solid (VSS) decreased with increasing
the homogenization pressure and cycle. However, there are few
literatures on the change of sludge physical and chemical proper-
ties during homogeneous process, which may influence the further
sludge treatment and utilization. The objective of this study is to
investigate the effect of HPH on physicochemical properties of
disintegrated sludge. Besides the organic release, the release of
volatile fatty acid (VFA) and NH4

þ-N after HPH treatment was
analyzed. The effect of HPH treatment on floc structure, particle
distribution and pH of sludge, and Zeta potential, apparent vis-
cosity, surface tension of sludge liquid was investigated. The results
are expected to provide deeper insights why the sludge anaerobic
digestion can be effectively improved by HPH pretreatment.

Materials and methods

Sludge characterization

Sludge used in this study was collected from the secondary
sedimentation tank of a municipal WWTP with an anaerobic-
anoxic-oxic process in Beijing, and was stored at 4 �C for later
use. The sludge had an average pH value of 7.1, an average TCOD of
8425 mg/L, an average soluble chemical oxygen demand (SCOD) of
192 mg/L and an average TSS of 6540 mg/L.

High pressure homogenization treatment

A high pressure homogenizer (JJ-30, Shengtong Inc., China) with
a working pressure range of 0e100 MPa was used in this study for
sludge disintegration. The sludge sample was firstly pumped
through the homogenization valve by an air driven positive
displacement pump, and the homogenization pressure was fixed at
a certain value through adjusting the homogenization valve. When
the sludge sample went through a convergent section of the ho-
mogenization valve, the sludge stream was immediately acceler-
ated to 1000e1500 m/s. Then the high-velocity sludge stream
impinged on an impact ring and the pressure suddenly dropped
from high pressure to low pressure, and the sludge was disrupted
and liquefied due to the combined action of pressure gradient,
cavitation, turbulence, impingement, shear stresses, and exten-
sional shear. Finally, the sludge was forced out of the homogeni-
zation valve with a lower velocity (Zhang et al., 2012b). The
homogenization treatment was carried out at a given pressure
(0e60 MPa) for one to three cycles. After HPH treatment, physi-
cochemical properties of the homogenized sludge were measured.

Analytical methods

The sludge pH was obtained by pH meter (PHSe3C, Leici Co.,
China). The sludge particle size analysis was carried out through
Malvern Mastersizer 2000 (Malvern, UK). The sludge TSS were
measured based on APHA standard method (Eaton et al., 2005).

The sludge samples were centrifuged at 5000 r/min for 20 min,
then the supernatant was immediately filtered through a cellulose

membrane with a pore size of 0.45 mm, and the filtrate was used for
analyzing SCOD, NH4

þ-N, VFA, Zeta potential, apparent viscosity and
surface tension. The chemical oxygen demand (COD) of filtrate was
measured by potassium dichromate method according to APHA
standardmethod (Eaton et al., 2005), and was defined as SCOD. The
NH4

þ-N of filtrate was measured by Nessler's reagent spectrometry
by Multiparameter Bench photometer (LH5B-3(B), Lianhua In-
struments Inc., China). The VFA of filtrate was determined by a
gas chromatograph 3710 (Agilent, USA) equipped with a flame
ionization detector and analytical column CPWAX52CB
(30 m � 0.32 mm � 0.25 mm). The Zeta potential of filtrate was
filled in capillary cell, and monitored by a Malvern Zetasizer Nano
(Malvern, UK) with the refractive index value of 1.450 and the ab-
sorption of 0.001. The apparent viscosity was measured by a
rotating torque cylinder at a temperature of about 20 �C, which was
performed at a shear rate of 60/s to keep the sludge sample in
suspension for 5 min. The surface tension was measured by a SITA
pro line t15 tensiometer (SITA, Germany) with the bubble lifetime
of 250 ms, and the value was the average of three measurements.
The efficiency of sludge disintegration was evaluated by disinte-
gration degree (DDCOD), which was calculated as Eq. (1) (Bougrier
et al., 2005):

DDCODð%Þ ¼
SCOD� SCOD0

TCOD� SCOD0
� 100% (1)

where SCOD0 is the SCOD of sewage sludge before treatment.
The sludge flocs were photoed with a microphotograph

(OLYMPUS, BX53) and analyzed by Image Pro Plus 6.1. Percentage of
floc area (Af) in photo was calculated as Eq. (2) (Costa et al., 2013).

Af ¼
100

Pnabi
i¼1Ai

TA
% (2)

where
Pnabi

i¼1Ai is the total area of all sludge flocs, and TA is the glass
area.

The experiments were carried out with three replicates. T-test
was used to evaluate significance analysis for experimental data.

Results and discussion

Organic matter release

The sludge can be disintegrated by homogenizer. The variations
of SCOD and sludge DDCOD under different homogenization pres-
sures and cycles are shown in Fig. 1. The SCOD increased with the
increase of homogenization pressure from 0 to 60MPawith a single
homogenization cycle. When the homogenization pressure was
60 MPawith one homogenization cycle, the DDCOD reached 26.55%.
The results demonstrated that more sludge organic matters were
released from solid phase into liquid phase at higher homogeni-
zation pressure. In addition, multiple-cycle process was more
effective for sludge disintegration than the single homogenization
cycle. As homogenization cycle increases from one to three at a
homogenization pressure of 60 MPa, the SCOD and DDCOD reached
3310 mg/L and 37.87%, which was 39.19% and 11.32% higher than
that of the single homogenization, respectively. That may be
attributed to the release of extracellular polymeric substances (EPS)
due to floc disintegration or even the release of cell components
because of cell lysis (Zhang et al., 2007). Other authors reported
similar results that soluble organic release increased with
increasing the homogenization pressure and cycle (Nah et al., 2000;
Camacho et al., 2002). The organic release will improve further
sludge anaerobic digestion.
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