Glass Fertilizers Obtained Using Sewage Sludge ASH Wastes

BOGDAN A. MILITARU, COSMIN VANCEA*, RODICA PODE

Politehnica University of Timisoara, Faculty of Industrial Chemistry and Environmental Engineering, 2 Piata Victoriei, 300006,

Timisoara, Romania

The sewage sludge ash represents an important waste both in terms of the generated quantities and the
phosphorus content. Starting from these premises, the present paper proposes an alternative way to use
these ash as vitreous fertilizers. Another waste with potential applicability for this purpose is the sludge from
the deep water treatment plants, which has a high iron content, an essential microelement for plants
development. The paper addresses two aspects: the kinetic study of the solubilisation process of potassium,
phosphorus and iron ions from the obtained fertilizers and their effect on barley plants respectively. The
kinetic study using the model of intra particular diffusion revealed the process of ionic solubilisation process
in two distinct steps: one slow, speed controlling - diffusion through the glass matrix, and second, faster -
diffusion through the medium particle boundary. The fertilizing effect, analysed using specific parameters:
germination percent, biomass and plant length, recommends as optimal the composition with the maximum

addition of ash.
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Sewage sludge is the main waste produced by the
municipal waste water plant. The management of this
waste had become an important growing issue [1]. In
2010, more than 10 million tons of dried sewage sludge
were generated from 27 European Union countries.
Moreover, it is expected 13 million tons of sewage sludge
to be generated from the 27 European Union countries due
to the industrialization and urbanization [2-5]. In all
European Union countries directives regarding sewage
sludge management are introduced. Classical methods,
such as storage, are now being replaced by methods leading
to waste stabilization and safe recycling. The most
important aim is to promote an ecological management
of the sewage sludge.

Many methods regarding the sewage sludge
management are presented in the literature: the use of
sewage sludge to improve soil quality [6, 7], conventional
incineration [8], co-incineration [9], cementing [10],
vitrification [11], pyrolysis [8].

One of the most utilised management method is to
incinerate the sewage sludge in order to obtain small
volumes and to stabilize the sewage sludge. The sewage
sludge ash is the waste generated in incineration plants
[12] and in preceding years it was observed an increase in
guantities produced in European Union countries as a
consequence of the investments in the incineration
infrastructure [13].

Phosphorus is one of the most important element for
human health, industry and agriculture. The main reserve
of phosphorus is the phosphate rock [14]. On the other
hand, it is known that the phosphate rock will run out in the
next 50-100 years [15]. Sewage sludge ash is a rich-
phosphorus material and has a high potential for
phosphorus recovery. Therefore, sewage sludge ash is a
promising waste in order to capitalize and recover
phosphorus in various techniques.

One way to recover phosphorus and other important
elements from sewage sludge ash is as phosphate
agriglasses used as fertilizers. Glass fertilizers are advanced
and controlled released fertilizers made of glass matrices
[16, 17]. This fertilizers include in their composition
macroelements (K, B, Mg, Ca) and also microelements (Fe,
Mn, Zn, B, Cu) useful for the development of the plants. A
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slow and a controlled dissolution of this type of fertilizer
provides phosphorus and other elements to plant uptake
for a long period of time [18]. Using these fertilizers, the
dosage requirements are lowered, the efficiency is
improved and the problems regarding environmental
pollution are minimized [19].

The present paper proposes an alternative way to
recover the sewage sludge as agriglasses. The chemical
activity of the synthesized products, namely the kinetics of
solubilisation of potassium, phosphorus and iron ions,
having major impact on the plant development, was
studied. The influence of the ash content and the fertilizer
dose and granulometry on the barley crops was monitored,
the optimum composition being identified.

Experimental part
Sample preparation

The sewage sludge used in this study was collected
from a municipal wastewater plant from Timis County,
Romania. The sewage sludge was dried at 105 °C for 20
hours and then calcinated 850 °C for 3 hours using a
Nabertherm B180 oven. The resulted sewage sludge ash
was milled and mineralized with aqua regia in order to
determine the concentration of the main elements (P K,
Na, Fe etc.) as presented elsewhere [20]. The
concentrations of phosphorus and iron were determined
through molecular absorption spectrometry using a Hach
Lange DR 3900 and DR 2800 spectrometers. The other
elements were determined through inductively coupled
plasma mass spectrometry (ICP-MS) using a Perkin EImer
NexION 350X spectrometer.

Another waste used in this study is the sludge collected
from a drinking water treatment plant. This sludge results
from the sand washing process used in the iron removing
process at a groundwater treatment plant. Before use, the
sludge was calcinated at 750 °C for 6 hours. This waste is
a source of iron, manganese and calcium, it's chemical
composition, determined by X ray fluorescence using a
Niton XL 3 analyzer was: 83% Fe®*, 10.03% Mn?* and 5.41%
Ca*.

Besides these two wastes, in order to obtain the glass
fertilizers, the following reagents were added: (NH,),HPO,,
K,CO, and CuO. All the reagents are of analytical grade
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Sample Cl C2 C3 Cc4 cs Table 1
Sewage sladge ash SEWAGE ASH CONTENT IN THE
5
Oxide ample
cl 2 c3 4 s
8i0: .74 14.03 18.00 21.67 25.08
P20 4523 4147 38.01 34.79 3179
Cal 223 2.90 332 4.09 462
Fe:03 3.63 3.50 3.37 313 3.4
Na;0 0.13 018 022 0.27 031 Table 2
A0 . - OXIDIC COMPOSITION [MOL %] OF THE
K0 37.28 35.81 34.43 33.19 32.02
ALO; 043 0.69 0.8 1.05 122
MnO: 0.73 0.67 0.62 0.37 052
Cu0 0.01 0.01 0.01 0.01 0.03
Zn0 0.01 0.01 0.01 0.03 0.02

used for the analytical methods. The sewage sludge
amount vitrified as agriglasses is presented in table 1.

Table 2 presents the oxidic composition of the obtained
glasses.

The precursor materials were weighed, mixed together
and then loaded in porcelain crucibles. The melting process
was conducted at 1000°C for 90 min using a Nabertherm
HTCO08/16 electric furnace. The vitrification process in this
economically advantageous conditions led to very viscous

Regardless of the glass samples composition, the finer
granulometric fraction (d <0.25 mm) solubilizes in a higher
percentage compared to the coarse one (0.8 <d <0.25
mm).

For both granulometric fractions, a decrease of the
solubility of ions studied from sample C1 to C4 with the
increase of the ratio M,0/P,O, was observed, phenomenon
mentioned in literature [25].

melt for sample C5, which was difficult to process,
therefore it was excluded from further investigations.

The glasses (C1-C4) were milled and sieved, two
fractions having particle diameter between d<0.25 and
0.25<d<0.80 mm respectively, were selected for this
study.

Chemical activity

The chemical activity of the obtained vitreous fertilizers
simulates the action of organic compounds released by
the plant roots [21]. The samples were introduced into 2%
acid citric solution for 6, 24, 30, 48, 54 and 72 hours, using
asolid:liquid ratio of 1:100 at 25°C. The concentration of K,
P and Fe, leached after the considered times were
determined with the same techniques as described before.
The pH was determined using a Mettler Toledo pH-meter.

Plants experiments

A pot experiment was conducted in order to evaluate
the influence of the obtained agriglasses (C1-C4) with
different granulations on barley (Hordeum vulgare L.). For
this purpose, parallel soil samples were seeded with the
same number of seeds (20 seeds). The amount of fertilizer
was 0.01, 0.03, 0.06 and 0.08 g/cm? corresponding to 0.5,
1.0, 2.0 and 3.0 g of agriglass, for all the four compositions
and both granulometric fractions. After 28 days the
harvested plants were subjected to the following
determinations: germination percentage, average total
plant and biomass.

Results and discussions
Chemical activity

The ions dissolution kinetics for the investigated vitreous
fertilizers are presented in fig.1.
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Ironions dissolution kinetics for the studied agriglasses

0,8<d<0,25 mm .-

Phosphor ions leach,

Fig. 1. Kinetics of ions dissolution from the studied glasses

For the interpretation of the kinetic data regarding the
leaching of potassium, phosphorus and iron ions from the
vitreous phase in the 2% citric acid solution, the intraparticle
diffusion model was used [23, 24].

The equation can be described as: [25]:

g, =k, tY* + C (@)
where k is the intraparticle diffusion rate constant (mg g*
h12) and Cis the intercept, related to the thickness of the
boundary layer. The larger C implies the greater effect of
the boundary layer [26].

The leached ions amount per gram of glass (q,) was

calculated using Eg. (2)
q, = V(C:ﬂ i) ©
where C, and C, are initial concentration and the
concentration corresponding to a considered time ¢
(mgL?), Vis citric acid solution volume (L), mis the mass
of vitreous fertilizer (g).

According to Eq. (1), if the dissolution mechanism
follows the intraparticle diffusion model, the plot of g, vs.
t“2should be linear, slope k and intercept C will be obtained
using linear fitting analysis.

The obtained data are presented in fig. 2 for the three
ions analyzed and the two particles dimensional ranges.

Regarding the potassium ion, for both granulometric
fractions, the graphical representation g, = f (%) shows a
double linearity relation indicating that more than one
process influence the ion leach. In our opinion, the first
stage corresponds to the diffusion through the vitreous
network and the second stage to the diffusion through the
interface particle - medium. For all the 4 compositions, the
linear regression slope corresponding to the first diffusion
stage is significantly lower compared to that for the 2nd
stage, indicating that the rate-controlling stage is the
intraparticle diffusion.

A similar behavior was recorded for phosphor and iron
ions suggesting that the leaching process can be described
by a two stage diffusion model where intraparticle diffusion
is rate-controlling.

Kalium ions: g, vs time /2

0.8<de0.25 mm M T == Uy

5 gy,

Phosphorousions: g, vs time /2

Fig. 2. Intraparticle diffusion model plot for the investigated glasses
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Fraction [mm] Sample step 1 step 2
k C R? k C R?
Cl 0,782 23,800 0,999 2124 31,588 0,930
0.8<d<0.25 C2 0420 23,383 0,960 1788 30,354 0,980
C3 D367 23,330 0,970 1,387 29,726 0,074
C4 0218 23,255 0973 1446 29,576 0,034
Cl 1381 18,358 0,963 2440 25,303 0,964
<025 C2 1018 18,083 0,994 1977 25,173 0,991
3 0430 17.913 0,968 1,685 24 889 0078
C4 0,182 17.906 0,933 1451 24 839 0,991
Fraction [mm] Sample step 1 step 2
k C R? k: C R? Table 3
Cl 0,087 23,867 0,984 0,280 24,905 0,972 INTRAPARTICLE
- . DIFFUSION MODEL
0.8<d<0.25 C2 0066 22,850 0984 0249 21,879 0972 |08 METERS FOR THE
C3 0,062 21,761 0,57 0211 21376 0,981 STUDIED GLASS
C4 0.061 20,612 0,987 0,167 21,191 0,980 FERTILIZERS FOR
- POTASSIUM,
1 0,142 22,159 0998 0,560 24 510 0,964 PHOSPHORUS AND
4<0.35 C2 0,120 21,147 0,982 0,375 22582 0,587 IRON IONS LEACH
o c3 0,007 20,071 0,946 0271 20,964 0,986
C4 0,081 19276 0,988 0270 20,319 0,003
Fraction [mm] Sample step 1 step 2
ke C R? ke C R?
1l 0,008 3.574 0,073 0,047 3,830 0,067
0.8<4<0.5 C2 0,008 3,560 0,948 0,040 3,774 0,971
C3 0,008 3,543 0,962 0,031 3,695 0,968
C4 0,008 3,521 0948 0,023 3,634 0,979
Cl 0,011 3.327 0,994 0,067 3.715 0,999
<025 C2 0,010 3,320 0,930 0,038 3,648 0,078
3 0,008 3317 0,981 0,003 3,582 0,963
C4 0,008 3307 0,998 0,041 3,529 0978

The values of k C and R? obtained from the linear
regression analysis are presented in table 3.

The R-squared values, higher than 0.9 validate the
proposed intraparticle model.

The intraparticle diffusion rate constant k values lower
in the first step comparing to the second step can be
explained by the fact that intraparticle diffusion is a slower
process compared to diffusion through the interface.

The C values, relates to the thickness of the boundary
layer, are higher for the second step of the process for all
the glasses, indicating the influence of the interface
leaching mechanism.

PH evolution

Figure illustrates the pH evolution for the leaching citric
acid solution for the considered time.

The ions dissolution from the studied glasses generates
small changes of pH, ranging from 2.4 to 2.6 after 72 h. The

pH vs. time
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pH growth in the considered time interval for all the samples
is generated by the massive potassium ions dissolution
compared to phosphorous ions leached.

Increasing the grain size leads to a lesser ions dissolution
and therefore to less important growths of the pH, due to
the decrease of the glass specific surface in contact with
the citric acid solution.

Effects on plants

The effect of the obtained glass fertilizers on the barley
was studied using the germination percent, biomass and
plant length as characterisation parameters.

Figure 4 presents the influence of the sludge ash content
and the fertilizer dose upon the plants germination percent
for both granulometries.

Both considered parameters have a significant positive
influence upon plants germination, the experimental values
being higher than the germination percent for the control
sample (CS), without agriglass. The best results, for both
fertilizer grain diameters, were obtained for sample C4
using the highest dose, 0.08 g/cm? (3.0 g).
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The effect of the sludge ash content and the fertilizer
dose upon the plants biomass is illustrated in fig. 5.

All the studied glass fertilizers have a beneficial effect
upon the barley biomass after 28 days, the measured values
being higher that the control sample (CS) biomass for both
agriglasses granulometries. The higher biomass was obtain
using 0.08 g/cm? (3.0 g) of sample C4 glass composition.

The influence of sludge ash content and fertilizer dose
on the plants length is presented in fig. 6.

The positive effect of the studied agriglasses upon the
plants length was observed for all the investigated
compositions at both granulometries, sample C4 used in
the highest dose being the most effective.

The results above recommend sample C4 as the
optimum composition, used in the dose of 0.08 g/cm?2.

Conclusions

Inthe present paper, the possibility of salvage the sewage
sludge ash from the municipal waste water plant and the
sludge from iron removing process at a groundwater
treatment plant as vitreous fertilizers was approached.
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Five compositions containing different amount of
sewage sludge ash embedded in the glass matrix were
synthesized. Too much sludge ash (sample C5) leads to an
incomplete vitrified melt using the proposed economically
advantageous synthesis conditions.

The chemical activity and the fertilizing efficiency on
barely plants was studied for the considered glass
compositions.

Kinetic study of the solubilisation of potassium,
phosphorus and iron ions, important in plant nutrition,
indicated the favourable effect of the fineness of grinding
on the release of the ions from the vitreous matrix.

For the interpretation of kinetic data, the intraparticle
diffusion model was used. Two distinct stages of the ion
solubilisation process were highlighted: the first through
intraparticle diffusion and the second through diffusion
through the particle boundary. For all the studied
compositions, the rate-controlling stage is the intraparticle
diffusion. The intraparticle diffusion model parameters for
potassium, phosphor and iron ions leach were calculated.

The effect of the synthesized vitreous fertilizers on the
barley plant was evaluated using the specific parameters:
germination percent, biomass and plants length. The results
highlighted their favorable effect on the plants development
compared to the control sample.

Based on the experimental results for the considered
specific plant growth parameters, sample C4 dosed for
0.08 g/cm?, was identified as optimal.
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