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Abstract   
Slurry acidification changes manure characteristics, thus it affects solid-liquid separation 
performances. The aim of the present study is to clarify the effects of slurry acidification on solid-
liquid separation treatments. Pig slurry and acidified pig slurry were treated by three different 
separation technologies: (i) screw press; (ii) decanting centrifuge; (iii) flocculation and drainage. 
Indicators of the separation efficiency were calculated. Generally, acidification decreased the retention 
of compounds; in particular, the 10 % less of dry matter (DM), nitrogen (N) and potassium (K) and the 
30 % less of phosphorus (P) were transferred into the solid fraction.. Furthermore, when acidified 
slurry is treated, the retention of species related to particles in solid fraction is reduced by 50%, while 
the retention of copper (Cu) and zinc (Zn) increases. Therefore, the characteristics of liquid and solid 
fractions are affected by slurry acidification pre-treatments. 
 
Introduction  
Pig slurry contains large amounts of plant nutrients and organic material. However, the increasing 
intensification of farming systems, combined with an incorrect manure management leads to an 
increased loss of nutrients to water, soil and air. Emissions to water and soil could be lowered through 
solid-liquid separation; this treatment leads to the production of a liquid fraction, with a low 
concentration of dry matter (DM) and nutrients, and a solid fraction, containing the major part of DM 
and nutrients [1]. Emissions to air could be reduced through the acidification of animal manure, which 
allows to decrease ammonia (NH3) emissions from slurry storages and soil application. This treatment 
consists of lowering slurry pH to 5.5 by adding sulphuric acid (H2SO4). Previous studies observed that 
slurry acidification decreases not only NH3 emissions, but also methane (CH4) and sulphate (H2S) 
emissions [2]; thus, it changes manure characteristics. Since the efficiency of solid-liquid separation 
treatment is affected by manure type [3], the acidification treatment could affect separation efficiency. 
According to previous studies, acidification increases the concentration of dry matter, phosphorus, 
calcium and magnesium in the liquid fraction [4]. However, more information about the effects of 
slurry acidification on the solid liquid separation process is necessary. The present study aims to 
clarify the changing of nutrients flow in the liquid and the solid fraction produced by solid-liquid 
separation after slurry acidification. 
 
Material and Methods  
Manure treatment 
The experiment was performed using slurry produced by slaughtering pigs. The manure was collected 
from two climate chambers with two different treatments: pig slurry maintained at its natural condition 
with a pH value of approximately 7 (control), and pig slurry acidified by an acidification treatment 
device, where pig slurry was acidified to a pH value of approximately 5.5 (acidified). Control and 
acidified manure were collected in two continuously stirred storage tanks and separated through three 
different separation devices: (i) screw press; (ii) decanting centrifuge; (iii) flocculation and belt 
thickener drainage. The screw press (Bioselector 550, Bröger, Germany) was equipped with a mesh 
with pores of 400 µm. It was operated at optimal conditions, setting different flow rates for control 
slurry ( 10 m3 h-1) and acidified slurry (22 m3 h-1). The decanting centrifuge ran at a centrifugal force 
of 45000 rpm for both manures. As the screw press, the centrifuge varied the flow rate of the input 
manure according to the flow of the solid fractions; this resulted in a flow rate of 1.9 m3 h-1 for the 
control and of 2.7 m3 h-1 for the acidified slurry. The flocculation and belt thickener treatments were 
run with polymer characteristics and polymer volume optimal for the manure type. The control 
manure was treated with a linear cationic polymer with 60% of cationic charge (K133L, Praestol-



Ashland, DK), while the acidified manure was treated with a linear cationic polymer with 75% of 
cationic charge (K144L, Praestol-Ashland, DK). 
 
Chemical analysis 
Raw manure and liquid and solid fractions obtained by the three separators where characterized 
chemically. pH was measured using a pHmeter. DM, volatile solids (VS), total Kjeldahl nitrogen 
(TKN) and total ammoniacal nitrogen (TAN) were determined by the methodology proposed by the 
European Regulation 2009/152/EC. Total phosphorus (TP), total potassium (TK), total sulphur (S tot), 
copper (Cu) and zinc (Zn) were measured through ICP-OES. H2S/HS-/S2- (H2S tot) was determined 
through precipitation with zinc, capture of H2S gas, colour reaction and spectrometric quantification. 
Water soluble P was determined by extraction with centrifugation three times (10000 rpm for 10 
minutes) and withdrawing of the supernatant after every centrifugation treatment. After extraction, the 
concentration of water soluble P was determined through colour reaction and spectrometric 
quantification. Volatile fatty acids (VFA) were measured by means of gas chromatograph (Hewlett 
Packard 6850A) with flame ionization detector (FID). Particle size distribution was measured for raw 
slurries and for liquid fractions through laser diffraction (Master Sizer 2000; Malvern Instruments 
Ltd., Worcestershire, UK).  
 
Data analysis 
The separation efficiencies for the analysed parameters were calculated using the simple separation 
index (Et) [3], presented as a percentage. The simple separation index gives no indication of an 
increase in concentration of a given parameter in the solid fraction; therefore, the reduced separation 
index (Et’), was calculated [3]. This index ranges from -1 to +1, where positive values indicate an 
increase in concentration of the parameter x (DM or nutrients) in the solid fraction compared with the 
raw slurry and negative values indicate an increase in concentration of x in the liquid fraction. 
Since the water addition in flocculation and drainage was high, the amount of water was subtracted 
from the concentration of the different compounds in both solid and liquid fractions in order to express 
the distribution of the input manure’s components. 
 
Results  
Separation efficiency 
Slurry acidification could modify manure characteristics; therefore it affects the performances of solid-
liquid separation treatments (Figure 1). 
For most of the analysed parameters, flocculation combined with the belt thickener drainage was the 
most efficient technology for both control and acidified slurry (Figure 1). As demonstrated by 
previous experiments, polymers aggregate the smaller particles together to form larger flocs that can 
be separated from the solution [1]. This mechanism enables to separate the finest particles, which are 
related to nutrients (TN and TP) and metals (Cu and Zn) [1]; thus, flocculation allows to increase the 
separation efficiency not only for DM and VS, but also for TN, Cu and Zn TP. 
The decanting centrifuge was better in separating TP compared to flocculation and drainage when 
treating the control slurry; this supports the results of previous studies, which demonstrated that 
centrifugation efficiently separates small particles related to P increasing their aggregation [1, 3]. 
The screw press was efficient in removing DM and VS from the liquid fraction, while the separation 
efficiency for other compounds was generally lower than 20% for the both control and the acidified 
manure. In fact, this type of separator ensures a high retention of DM in the solid fraction, but it is not 
efficient in retaining small particles, which are related to nutrients. 
In 90% of cases, the separation devices presented a better separation index when the slurry was 
treated. Although the obtained results highlighted a reduction in separation efficiency when slurry pH 
was lowered, a higher retention of some compounds in the solid fraction was expected considering the 
results reported by [5]. 
 



 
Figure 1. Separation efficiency (Et), divided by manure type and separation technology 

 
Reduced separation index 
Acidification of manure lowers particles’ negative charge, leading to particles aggregation [5]. This 
mechanism causes an increase of particle size; hence the flow of the different compounds to the solid 
and liquid fraction could be changed by a pH reduction. The reduced separation index (Et’) allows us 
to understand if the concentration of a given compound increases in the solid or in the liquid fraction; 
therefore, this index was calculated in order to compare the behaviour of the different species during 
the solid liquid separation treatment (Figure 2).  
Particle related species are better retained by the different separation technologies; thus, their 
concentrations increase in solid fraction (Et’ > 0). In particular, solid fractions produced by 
flocculation and drainage and centrifugation present higher concentration of these species, while screw 
press increases less efficiently the concentration of particle related compounds, excepting for VS and 
S. This is due to the size of the particles associated to nutrients, which is often lower than the mesh 
size used for the screw press during the experiment (400 µm). The average reduced separation index of 
particle related species for the control manure was 0.37 (± 0.24), while for acidified manure it was 
0.21 (± 0.21). Thus, the separation of acidified manure leads to a lower increase of particulate 
compounds. Two exceptions were observed for flocculation and drainage: VS and particulate N. The 
VS concentration is slightly higher in the acidified solid fraction, while particulate N presents similar 
reduced separation indexes in both the control and the acidified manure. VS concentration increases in 
the solid fraction after acidification because of the inhibition of microbial activity [5]; thus VS are not 
degraded and are accumulated in manure.  
The average reduced separation index for monovalent ions was -0.10 (±0.09) for control manure and 
0.00 (±0.02) for acidified manure. Therefore, the concentration of monovalent species did not vary 
significantly in the separated fractions for both the control and the acidified manure. This trend is due 
to the dissolved nature of these species [1], which are difficult to retain in the solid fraction. 
Divalent cations (Cu and Zn) are better transferred to the solid fractions after slurry acidification, 
particularly after flocculation and drainage. This may be due to a stronger sorption to flocs, which are 
more dense after acidification and involve a polymer with a higher charge density. 
 



 
Figure 2. Reduced separation index (Et') of the different separation technologies for the control and 

acidified manure. Soluble P was subtracted from TP (Particulate P); TAN and H2S were subtracted from 
TN and S tot, obtaining Particulate N and Particulate S, respectively. 

 
Conclusion and perspectives  
Generally, slurry acidification causes a reduction of the separation index of 10% or more. In particular, 
reductions related to flocculation and drainage are: 10% for DM, 12% for TN, 20% for TAN, 32% for 
TP and 10% for K. Thus, the obtained results show that slurry acidification could lead to a 
modification in the management of the separated fractions (solid and liquid), especially concerning 
their fertilising characteristics. 
The reduced separation index allows us to understand the changing in nutrient concentration due to 
slurry acidification. The concentration of particle related species increased in solid fractions of the 
control slurry, with average increase of 25% for screw press, 35% for decanting centrifuge and 50% 
for flocculation and drainage. In contrast to these results, Cu and Zn were better retained in solid 
fractions after slurry acidification. The concentration of monovalent ions did not significantly change 
after solid-liquid separation of both control and acidified slurries. 
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