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THE QUALITY OF SLUDGE LIQUIDS PRODUCED
IN THE PROCESS OF MECHANICAL DEWATERING
OF DIGESTED SLUDGE

JAKOSC CIECZY OSADOWYCH POWSTAJACYCH
W PROCESIE MECHANICZNEGO ODWADNIANIA
OSADOW PRZEFERMENTOWANYCH

Abstract: The quality of sludge liquids produced in the processes of mechanical dewatering of sludge
depends on the stabilization technology and the kind of device, its proper operation, and an appropriate choice
of conditioning chemicals. The article presents the impact of selected conditioning chemicals and methods,
such as: PIX 113, PIX 123, Zetag 8160 polyelectrolyte, ultrasonic field, and their combined effect on the
properties of sludge liquids. crude sludge liquids were characterized by high concentrations of ammonium
nitrogen (931-1,508.9 mg N-NH,"/dm?®), phosphates (24.3-89.4 mg PO,>/dm®) and organic compounds
referred to as COD (784—1,856 mg O,/dm?). It was found that the combined effect of inorganic coagulant PIX
123 and polyelectrolyte allowed the reduction of suspended solids and COD in sludge liquids. In the case of
suspension, the highest reduction (53.8%) was obtained when using PIX 123. With regard to the changes of
COD, similar effects were obtained for PIX 123 (43%) and the combined method (41.6%). The use of the PIX
113 coagulant and Zetag 8160 polyelectrolyte increased the ratio of total suspended solids in the sludge
liquids in relation to crude sludge liquids. The PIX 113 coagulant led to reducing the values of COD (90%),
ammonium nitrogen (14.9%) and phosphates (93.8%) with relation to crude sludge liquids. Zetag 8160 alone
proved to be the least effective.
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Introduction

Improving the efficiency of sewage treatment by means of using integrated systems
to remove nitrogen and phosphorus compounds from sewage results in greater sludge
volume and changes in the qualitative parameters of sludge, caused ie, by substantial
accumulation of phosphorus in bacteria cells. During sewage treatment in anaerobic con-
ditions (methane fermentation), even 60% phosphorus removed from the sewage may
be discharged again during the hydrolysis of polyphosphates to sludge liquid [1, 2]. It
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was also found that 70% of total nitrogen introduced together with crude sludge to the
digestion chamber got to sludge liquid in the form of ammonium nitrogen [3]. Besides,
sludge liquid has high contents of organic compounds, total, non-settling and colloidal
suspensions, dissolved gases (methane, ammonia, CO,, H,S), heavy metals, fats, and
ammonia. In liquid digestate there are also high concentrations of volatile fatty acids
(VFAs), carbonates, and potassium and magnesium cations [4, 5]. The intensification of
sewage sludge processing, motivated by the pursuit of easy management of the end
product, results in increased influence of the sludge processing line on the operation of
sewage treatment technological line [6]. Including all untreated reject water in the stream
of crude sewage, which is still the standard method, has a definitely detrimental effect
on the conditions of operation of biological reactors through reducing the ratio of the
content of biologically decomposing organic compounds and the content of nutrients,
especially nitrogen. The total nitrogen concentration in crude sewage, caused by mixing
sewage with untreated sludge waters, in typical technological systems, increases approxi-
mately by 20% [7, 8]. The problem of sewage management return loads is more and more
often the object of research [9—13]. The amount and quality of sludge liquids mainly
depend on the adopted technological system of sewage treatment and sewage sludge
processing (especially the way of stabilization and dewatering) as well as the perfor-
mance of devices in the sewage process line [14, 15]. The proper choice of polyelectro-
lyte or filter fabric is often decisive, not only for thickening or dewatering of sludge but
also for the quality of liquids discharged from the devices [16]. Taking into account the
importance of sludge liquid quality, the article presents the influence of selected con-
ditioning chemicals and methods, such as: PIX 113, PIX 123, Zetag 8160 polyelectro-
lyte, ultrasonic field, and their combined effect on the properties of sludge liquids.

Material and methods

Sewage sludge after the process of methane fermentation was used in the experiment.
The experiment included two parts. Digested sludge samples used in each part were
collected on two different days and marked digested sludge A and B. In the first part,
non-sonicated and sonicated digested sludge A was studied. Sludge A was conditioned
with PIX 123, Zetag 8160, and the method combining 1.0 mg/g d.m. (d.m. — dry matter)
of PIX 123 and different doses of Zetag 8160: 0.5; 1.5; 2.5; 3.5 mg/g d.m. In the second
part, non-sonicated and sonicated digested sludge B was studied. It was treated with
PIX 113 and the method combining 4.5 mg/g d.m. of PIX 113 and different doses of
Zetag 8160: 1.5; 2.5; 3.5 mg/g d.m. Samples of sludge liquid were obtained after the
process of centrifugation of properly treated sewage sludge. The time of centrifugation
was 5 min, and the speed, 5,000 rot/min. The characteristics of the coagulants are
shown in Table 1.

In order to obtain a solution of Zetag 8160 polyelectrolyte, it was thoroughly mixed
with water. After 120 minutes of mixing, the solution was mature and ready to use.

In the method combining the chemicals, PIX 123 (or PIX 113) coagulant was
administered first, followed by Zetag 8160 polyelectrolyte. This way both reagents are
used to the full and can influence each other.
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Table 1

Characterization of chemicals used in the research

Coagulant Coagulant properties

A dark brown solution of ferric sulfate, with total iron (Fe) content of 12.6 + 0.3%, and

PIX 123 iron ions Fe? content of max 0.7%.

A ferric coagulant, a dark brown water solution of ferric sulfate, with total iron (Fe)

PIXT13 content of 11.4 + 12.2%, and iron ions Fe'? content of 0.4 + 0.3%.

A synthetic polyacrylamide with a high molecular mass, provided as loose white po-
wder. Zetag 8160 is a cation polyelectrolyte.

Zetag 8160

In order to obtain a solution of Zetag 8160 polyelectrolyte, it was thoroughly mixed
with water. After 120 minutes of mixing, the solution was mature and ready to use.

In the method combining the chemicals, PIX 123 (or PIX 113) coagulant was
administered first, followed by Zetag 8160 polyelectrolyte. This way both reagents are
used to the full and can influence each other.

The sewage sludge was sonicated in static conditions, with a constant sample volume
of 0.3 dm®. An high power, microprocessor-based ultrasonic processor Sonics VC750
with automatic tuning, the frequency of 20 kHz and amplitude of 30.5 um (cor-
responding to the 50% amplitude) was used to sonicate the samples. The variable of the
sonication process was the disintegration time t = 60 s.

The following parameters were determined in the sludge liquid: pH with the
potentiometric method (pH-meter CP401 from Elmetron), total suspended solids with
the weighing method, COD with the short dichromate method (PN-ISO 6060:2000),
ammonium nitrogen and phosphates PO, as well as total phosphorus (P,,) with the
spectrophotometric method (Spectrophotometer JENWAY 6300). The following condi-
tioners were used in the research: 10% solution of PIX 123 and PIX 113 coagulant,
0.1% solution of Zetag 8160 polyelectrolyte, ultrasonic field.

Results and discussion

Crude sludge liquids had very high concentrations of ammonium nitrogen (931-
1,509 mg N-NH,"/dm>), phosphates (24.3-89.4 mg PO,*/dm?) and organic compounds
referred to as COD (784-1,856 mg 0,/dm®). The characterization of the sludge liquids
is shown in Table 2.

In samples of sludge liquid (Table 3) obtained from non-sonicated and sonicated
sludge A treated with PIX 123 the pH value dropped. The pH value decreased with the
increasing dose of the coagulant. For 3.5 mg/g d.m. it was 6.04 (reduced by 12.7%). In
the liquid separated from non-sonicated and sonicated sludge A treated with Zetag 8160
and liquid treated with 1.0 mg/g d.m. of PIX 123 and different doses of Zetag 8160, the
pH value grew with the growing dose of the chemicals used (Table 3). In the case of all
the analyzed methods of conditioning, the amount of suspended solids in sludge liquids
decreased as the dose of reagents increased. The greatest reduction was 53.8% (for
3.5 mg/g d.m. of PIX 123).
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Table 2

Characteristics of sludge liquids

Crude liquids separated from digested sludge
Determination Unit

A B
pH — 6.92 6.76
Suspension mg/dm® 1,300 280
COD mgO,/dm’ 1,856 784
Ammonium nitrogen | mgN-NH,/dm’ 1,509 931.5
Phosphates mgPO, */dm’ 89.4 243
Phosphorus mgP-PO, /dm’ 29.2 7.94

In samples of sludge liquid (Table 3) obtained from non-sonicated and sonicated
sludge A treated with PIX 123 the pH value dropped. The pH value decreased with the
increasing dose of the coagulant. For 3.5 mg/g d.m. it was 6.04 (reduced by 12.7%). In
the liquid separated from non-sonicated and sonicated sludge A treated with Zetag 8160
and liquid treated with 1.0 mg/g d.m. of PIX 123 and different doses of Zetag 8160, the
pH value grew with the growing dose of the chemicals used (Table 3). In the case of all
the analyzed methods of conditioning, the amount of suspended solids in sludge liquids
decreased as the dose of reagents increased. The greatest reduction was 53.8% (for
3.5 mg/g d.m. of PIX 123).

Table 3
Changes of selected parameters of sludge liquids from sludge A
Parameters Dose pH COD Suspension
of sludge liquids [mg/g d.m.] [-] [mg O,/dm’] [mg/dm’]

Sludge liquids separated from non-sonicated, digested sludge treated with different coagulants

Crude sludge liquids — 6.92 1,856 1,300
0.5 6.86 1,522 1,140

1.5 6.59 1,465 850

PIX 123 2.5 6.20 1,171 720
35 6.04 1,057 600

0.5 7.21 1,729 1,220

Zetag 8160 1.5 7.24 1,653 1,080
2.5 7.34 1,622 930

35 7.38 1,503 880

0.5 6.97 1,240 1,260

PIX 123 (1.0) + 1.5 7.00 1,206 1,110
Zetag 8160° 2.5 7.23 1,156 1,020
35 7.36 1,083 920




The Quality of Sludge Liquids Produced in the Process of Mechanical Dewatering... 69

Table 3 contd.

Parameters Dose pH COD Suspension
of sludge liquids [mg/g d.m.] [] [mg Oy/dm’] [mg/dm’]
Sludge liquids separated from sonicated, digested sludge treated with different coagulants —
the sonication time was 60 s, and the amplitude 30.5 um
— 7.49 2,894 1,620
0.5 7.30 2,122 1,250
Crude sludge liquids
PIX 123 1.5 6.89 1,578 960
2.5 6.61 1,135 820
35 6.47 674 710
0.5 7.57 2,689 1,480
1.5 7.67 2,558 1,190
Zetag 8160
25 7.83 2,479 1,070
35 7.87 2,128 930
0.5 7.14 1,488 1,490
PIX123 (1.0) + 15 7.22 1,422 1,220
Zetag 8160
25 7.28 1,406 1,140
35 7.32 1,386 1,010

* Sludge liquid obtained from sewage non-sonicated or sonicated sludge A, first treated with 1.0 mg/g d.m. of
PIX 123 and then with different doses of Zetag 8160: 0.5; 1.5; 2.5; 3.5 mg/g d.m.

The amount of organic compounds (COD) in sludge liquids decreased during the
process of sewage sludge conditioning. The efficiency of their removal grew with the
growing dose in the case of each coagulant and the method combining PIX 123 and
Zetag 8160 (Fig. 1). The best effect of organic compounds removal was observed for
the liquid separated from sonicated sludge treated with PIX 123: between 26.7% and
76.7%. In the other methods the reduction in the amount of organic compounds was
between 6.8% and 26.5% (for Zetag 8160) and between 33.2% and 52.1% (for the
method combining PIX 123 and Zetag 8160).

In samples of sludge liquid (Table 4) obtained from non-sonicated sludge B treated
with PIX 113 the pH value dropped. The pH value decreased with the increasing dose
of the coagulant. For 5.5 mg/g d.m. of PIX 113 it was 5.57 (reduced by 17.6%). In the
liquid samples treated together with 4.5 mg/g d.m. of PIX 123 and different doses of
Zetag 8160, pH dropped to 5.70 (15.67%). The addition of the PIX 113 coagulant and
Zetag 8160 polyelectrolyte increased the ratio of total suspended solids in relation to
crude sludge liquids, and then the amount of suspended solids decreased as the doses of
the reagents increased.

The content of phosphates and nitrogen decreased in all samples (Fig. 2). The lowest
values of phosphates and ammonium nitrogen were observed for samples treated with
PIX 113 (93.8% for phosphates and 14.9% for ammonium nitrogen, respectively). When
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Fig. 1. Efficiency of COD removal in relation to dose and type of coagulant (COPO A — sludge liquid from
digested sludge A, CONO A — sludge liquid from digested and sonicated sludge A)
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Fig. 2. Efficiency of ammonium nitrogen and phosphates removal depending on the dose and type of
coagulant

using PIX 113, the phosphates content in the liquid dropped. This coagulant bound and
retained the compounds in the sludge proportionally to the administered dose.
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Fig. 3. Efficiency of COD removal in relation to dose and type of coagulant (COPO B — sludge liquid from
digested sludge B)

The amount of organic compounds (COD) in sludge liquids decreased during the
process of sewage sludge conditioning. The efficiency of their removal grew with the
growing dose in the case of PIX 113 and the method combining 4.5 mg/g d.m. of PIX
113 and different doses of Zetag 8160 (Fig. 3). The best effect of organic compounds
removal was observed for the liquid separated from sludge B treated with PIX 113:
between 50.6% and 90%. In the combined method the reduction of organic compounds
amount was between 26% and 34.9%.

Conclusions

1. After mechanical dewatering, sludge liquid was highly contaminated.

2. The reagents and ultrasonic field used to condition the sludge before mechanical
dewatering caused the reduction of contamination in the lechates in relation to crude
sludge liquids.

3. The combined effect of inorganic coagulant PIX 123 and Zetag 8160 poly-
electrolyte allowed the reduction of total suspended solids amount in sludge liquids. The
best effect was achieved when using PIX 123. It was 53.8%. The use of the PIX 113
coagulant and Zetag 8160 polyelectrolyte initially increased the ratio of total suspended
solids in relation to crude sludge liquids, and then the amount of suspended solids
decreased with the increasing dose of conditioning chemicals.

4. The best effect of organic compounds removal was observed for the liquid from
sonicated sludge treated with PIX 123 (76.7%) and the combined method (52.1%). In
the liquid from non-sonicated sludge the use of PIX 113 coagulant led to reducing the
COD value to 90%, and in the combined method, to 26%.
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5. In lechates from the dewatering of non-sonicated sludge treated with PIX 113 the
amount of ammonium nitrogen was reduced to 14.5%, and phosphates to 93.8%, in
relation to crude sludge liquids.

6. Zetag 8160 polyelectrolyte proved to be the least effective in reducing contamina-
tion in sludge liquids.
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JAKOSC CIECZY OSADOWYCH
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Abstrakt: Jakos¢ cieczy osadowych powstajacych w procesach mechanicznego odwadniania osadow zalezy
od technologii stabilizacji oraz rodzaju urzadzenia, prawidtowej jego pracy oraz wlasciwego doboru srodkow
chemicznych do kondycjonowania. W artykule przedstawiono wptyw wybranych srodkéw i metod kondycjo-
nowania, takich jak: PIX 113, PIX 123, polielektrolit Zetag 8160, pole ultradZzwigkowe oraz taczne ich
dziatanie na wlasciwosci cieczy osadowych. Surowe ciecze osadowe charakteryzowaty si¢ wysokimi stgzenia-
mi azotu amonowego (931,5-1508,9 mg N-NH,"/dm?), fosforanow (24,3-89,4 mg PO,* /dm®) oraz zwiazkow
organicznych oznaczonych jako ChZT (784,0-1856 mg O,/dm?). Stwierdzono, ze potaczone dziatanie nie-
organicznego koagulantu PIX 123 i polielektrolitu pozwolito na zmniejszenie ilosci zawiesin oraz ChZT
w cieczach osadowych. W przypadku zawiesiny najlepszy stopien jej zmniejszenia uzyskano przy stosowaniu
PIX-u 123. Wynosit on 53,8%. Analizujac zmiany ChZT, podobne efekty uzyskano dla PIX-u 123 (43%) oraz
metody taczonej (41,6%). Natomiast uzycie koagulantu PIX 113 i polielektrolitu Zetag 8160 spowodowato
w cieczy osadowej zwigkszenie zawiesin ogélnych w odniesieniu do surowych cieczy osadowych. Dziatanie
koagulantu PIX 113 wptyneto na zmniejszenie wartosci ChZT (90%), azotu amonowego (14,9%) i fosfora-
néow (93,8%) w odniesieniu do surowych cieczy osadowych. Najmniej skuteczny okazat si¢ polielektrolit
Zetag 8160.

Slowa kluczowe: ciecze osadowe, koagulanty, polielektrolity, pole ultradzwigkowe, mechaniczne od-
wadnianie



