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Abstract — Aiming to create alternatives for the disposal of
sludge generated in wastewater treatment plants (WWTP)
considering the circular economy principles and contributing to
the reduction of environmental impacts generated by civil
construction, the objective of this work was to evaluate the
technical feasibility of the partial replacement of cement in the
production of mortars by the sludge produced at the Braganca
WWTP. The sludge was characterised, and different methods
were used to prepare the sludge for the mortar. The sludge was
incorporated by replacing part of the concrete mass of the
mortar mixture. The specimens were tested for compressive
strength. The specimen with 7% of sludge ash obtained the best
result, the specimens with sludge from the drying-only
treatments showed a result similar among themselves. The
incorporation of the sludge resulted in mortars within the
specification of the standard EN 998-1: 2018 and consequently
have technical feasibility.

Keywords—Sludge ash, sludge sun dry, mechanical strength,
WWTP.

l. INTRODUCTION
The increase in sludge generation in wastewater treatment
plants (WWTP) makes sludge management a difficult task so
that it is necessary to create alternatives for the final sludge
disposal [1]. The mineralogical characteristics of the sludge
allows it to be applied to construction materials [1].

The construction industry is the one that most exploits and
consumes natural resources and uses energy intensively, thus
generating quite considerable environmental impacts [2].
Creating sludge utilisation techniques in the construction
industry provides a safe and stable destination for sludge and
contributes to reducing the environmental impacts that the
construction industry already has [1], [2].

Thus, the general objective of this project was to evaluate
the technical feasibility of the use of WWTP sludge for partial
replacement of cement in the production of mortar.
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I. METHODOLOGY
For the study, sludge was collected from the WWTP in
Braganca, and it was characterised by pH, humidity (HUM),
total solids (TS), and organic matter content (OM). The pH
determination was based on Embrapa’s (1997) soil pH analysis
methodology [3]. The determination of HUM and TS was
carried out simultaneously based on Standard Methods for the
Examination of Water and Wastewater (2005) [4]. To
determine the OM content a mass of approximately 250 mg of
dry and ground sludge was mixed with 10 mL of 1 N
potassium dichromate solution and 20 mL of concentrated
sulfuric acid in light agitation and then left to rest for 30
minutes [5]. After this period, 200 mL of distilled water, 10 mL
of concentrated orthophosphoric acid and 1% ferroin indicator
were generated, which was then titrated with a 0.5 N of
ammoniacal ferrous sulphate solution until obtaining a green
colour [5]. The blank was performed with the same procedure
described above, but without the addition of the sludge sample

[5]. The calculation of the OM is given in (1):

OM=1725x (10— (V2x 10X V1)) x0.4/m (1)

where OM represents the organic matter content in %, V1
the volume of ammoniacal ferrous sulphate spent on white
titration in mL, V2 the volume of ferrous ammonia sulphate
spent on the titration of the sludge sample in ml and m the
mass of sludge sample analysed in g.

Different methods were used to prepare the sludge for the
mortar to study the influence that sludge processing has on the
mechanical strength that the specimen acquires. Method 1
(M1): The sludge was dried in a Scientific Series 9000
Laboratory Oven, model 972, at 105 °C for 24 hours [6], [7].
Method 2 and 3: A sludge sample was left in the sun to dry
naturally, as in Costa's (2011) [9] work, however for a period
of 7 and 15 days (M3 and M4 respectively). In this case the
residual unit was determined after the drying period in the sun.
Methods 4 (M4): A previous mass dried sludge was burned for
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0.5 hour at 300 °C and for 3 hours at 900 °C in a muffle
furnace [6], [7].

Mortars were produced with 0 (standard), 3, 5, 7 and 10%
replacement of cement by treated sludge. All specimens
produced have the same concentration of water and sand, 14%
and 54% respectively. The preparation, production and storage
of the specimens followed the EN 1015-11:2019 [10].

The mortars were tested on 7-day age of curing and on 28-
day age of curing. A mechanical test was carried out on the
specimens, the compressive strength. The test was carried out
in accordance with EN 1015-11:2019 [10].

Statistical analysis of the compression data was performed.
The data were submitted to one-way analysis of variance
(simple ANOVA) by Tukey's honestly significant difference
(HSD) procedure to compare the means with 95,0%
confidence level. Statistical analyses were performed with
STATGRAPHICS Centurion software.

I1l.  RESULTS AND DISCUSSION

The sludge characterisation showed that it has a pH of 7.8,
HUM of 83.2% + 0.2%, TS of 16.8% * 0.2% and OM of
20.7% + 4.4%. These data show that the sludge has been
stabilized non-chemically and has a low organic matter content
[1]. The residual humidity of the sun-dried sludge was
determined, for M2 5.5% and for M3 4.0%. Fig. 1 shows the
final compressive strength obtained by the specimen in each
methodology and the homogeneous groups created according
to Tukey's test are arranged by the lower-case letters.

*No specimens were produced with 10% M2.

Fig. 1. Compressive strength at 28-day age of curing acquired by the mortar
for each treatment and substitution concentration and division of the mortars
produced into homogeneous groups (Tukey multi-comparison test, p < 0.05.

M4 in the concentration of 7% showed higher strength than
the standard and the other specimens with sludge ash (M4). In
the other concentrations, the incorporation of the sludge ash did
not impact significantly on the mechanical strength acquired by
the mortar, since they obtained strength very similar to the
standard and all are in the same homogeneous group (fg).

The specimens with M1, M2, M3 showed very similarly
mechanical strength values and behaviour. In these cases, the
strength decreases as the concentration of processed sludge
increases. The results for each concentration were very close
regardless of the drying process. The combination of the
residual humidity data M2 and M3 (considering 0% HUM for
M1), the mechanical strength and the homogeneous groups

obtained, shows that in the possibility of sludge drying in the
sun, there is no variation in the quality of the mortar obtained
with the same mortar produced with oven-dried sludge,
provided that the system formed contributes to the efficiency of
the drying process and that the climatic conditions are
favourable.

The variation suffered by standard specimens may be due
to changes in cement due to the way of storing bags after being
opened, as well as irregularities in the quality of the sand used.

IV. CONCLUSION

From the characteristics of the sludge collected in the
Braganca WWTP and the mechanical strength results, the
sludge presents great potential to be incorporated into
construction materials.

The use of sludge ash in small concentrations does not
change the mechanical strength of the mortar, at the
concentration of 7% replacement of cement by ash the
mechanical quality increases compared to standard mortar.
Between sun drying and oven drying, there is no change in the
quality of the produced mortar, however, the residual humidity
of the sludge to be incorporated into the mortar.

The application of sludge in mortar mixtures represents a
good solution for the stable and safe disposal of WWTP
sludge.
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