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Abstract

In this study, percolation tests with water were carried out on the products that were subjected to pyrolysis and obtained in
order to carbonize the organics in the vinasse carbonation cake mixtures. For this purpose, the mixtures prepared from the
concentrated vinasse supplied from Sugar Factory and the carbonation cake supplied from Sugar Factory were heated at
500 °C for 4 h, and the extractability and dissolution rate of potassium into water were determined by leaking water over
the products. The ability of the residue to remove methylene blue from the aquatic environment was determined. It should
be emphasized that the solid residue from the potassium extraction has a considerable amount (289-370 mg/g) and a basic
dye removal capacity greater than that of the raw carbonation cake (208 mg/g). COD value in the extract of the pyrolysis
product with a cake/vinasse ratio of 0.5 was determined as 970 mg/l with a significant increase. The methylene blue removal
capacity of the extraction residue samples obtained in this group of experiments decreases as the dry cake—vinasse ratio
increases. It should be emphasized that the composite product obtained by taking advantage of these results can be actively
used in the production of compound fertilizer.

Keywords Pyrolysis - Potassium recovery - Vinasse - Methylene blue adsorption - Carbonation cake

Introduction

Two environmentally important residues of sugar beet sugar
production and molasses alcohol production processes are
carbonation sludge and vinasse. The carbonation sludge,
which is released in large amounts in the current liquor
treatment technology using lime-carbon dioxide, consists
mainly of calcium carbonate formed at birth and colloidal
substances from beet. It is stated that carbonation sludge res-
idue, which is approximately 10.5% (on the basis of 50% dry
matter) in beet sugar fabrication, can be eliminated by using
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it in the improvement of some agricultural soils, in cement
production and in paper production as an additive (Vac-
cari et al. 2005). It has been shown that cane sugar industry
sludge can also be used to remove the color of water con-
taining basic dyes (Magdy and Daifullah 1998). However,
the use of this residue, which contains a large amount of
colloidal organic matter, for this purpose without stabiliza-
tion may give secondary pollutants to the waters it is treated
while removing dyes. As a matter of fact, a previous study
showed that carbonation cake can be used as a good means
of removing Cr** and Cd** from aqueous solutions. How-
ever, it has been concluded that it can give a large amount of
organic matter to the environment, and this material is stabi-
lized as it gives less organic matter to the environment and
calcines can be used more safely for this purpose. Chemical
fertilizers with rapid dissolution in water have the potential
to create pollution when applied to the soil, some of which
are caused by atmospheric precipitation, flow into streams
and surface waters, some of them quickly pass through the
soil and mix with groundwater. For these reasons, they
cause economic losses and environmental problems without
being able to serve their main purpose. The development of
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fertilizer technology is directed toward the production and
application of slow or controlled fertilizers. Vinasse, which
emerges as a residue during the production of alcohol from
molasses, contains a significant concentration of potassium.
The excessive organic matter content of the vinasse creates
inconveniences in its use as fertilizer. On the other hand, the
sugar factory waste carbonation cake requires careful dis-
posal into the environment due to its organic matter content.
This substance is used in some cases for the reclamation of
acidic soils. It is important to use both the vinasse and the
carbonation cake by making it useful.

On the other hand, molasses, which occurs at a rate of
about 4% compared to beet in a beet sugar factory, lead to
the formation of a vinasse of 60 Bx, which is about 60% of
its weight when used in alcohol production (Vaccari et al.
2005; Giiler et al. 2002). The alcohol industry, in which the
vinasse is produced, which is characterized by its high COD
content, low pH, foul odor and dark brown properties, is
counted among the 17 most polluting industries (Satyawali
and Balakrishnan 2008). Although vinasse (Parnaudeau
et al. 1998), which contains melanoidin and phenolic sub-
stances as well as glycerol, betaine, alcohols and many other
organic substances, gives the idea that it can be used as a
fertilizer with a significant potassium content, it has too
much dissolved organic matter load to allow it to be used
as it is. It is stated that the vinasse causes barrenness in the
soils (FitzGibbon et al. 1998). Disposal into the environ-
ment has led to negativities such as the closure of many
alcohol factories. Concentrated vinasse is used as animal
feed after the potassium it contains is recovered. There are
many patent studies for the recovery of various substances
from the squeegee (Robertiello and Degen 1981; Paananen
et al. 2000; Hamstra and Schoppink 1998). It is of great
importance to evaluate these residues, which occur in sugar
production and alcohol production from molasses, which is
a by-industry, by different methods in order to reduce their
damage to the environment (Sezer et al. 2017).

In this study, the pyrolysis and extraction conditions of
the vinasse carbonation cake mixtures were investigated for
the recovery of potassium from the vinasse. The ability of
the residue to remove methylene blue from the aquatic envi-
ronment was determined.

Material and Method

In this study, I. Carbonation cake supplied from Elazig Sugar
Factory and concentrated church obtained from Alcohol
Factory within Eskisehir Sugar Factory was used. Some
properties of the carbonation cake and the vinasse were
determined.

The density of the vinasse was determined at room
temperature with a pycnometer. The content of dissolved

solids in the vinasse was determined as Bx (g-solids/100 g
vinasse) as a result of the refractive index measurement with
Atago (AR 56) refractometer. The pH of the vinasse was
measured with a Mettler (Delta 350) pH meter. The color
of the vinasse was determined by measuring absorbance at
420 nm using a Shimadzu (UV-1201) spectrophotometer
on a 500-fold diluted sample. Chemical oxygen demand
(COD) as a measure of organic matter load or organic pol-
lution load in the vinasse was determined by the dichromate
method (APHA-AWWA-WPCF 1975) in the appropriately
diluted sample. K™ and Na* determinations were made with
Eppendorf flame photometer. Ca’* +Mg>* was determined
titrimetrically by the complexometric method (Arslanoglu
and Tiimen 2021). The amount of ash was determined by
burning a certain amount of vinasse samples at gradually
elevated temperatures and bringing them to constant weight
at 900 °C.

A certain amount of dried carbonation cake sample at
105 °C was dissolved in pure nitric acid and filtered, and
K", Na*, Ca’" +Mg?* determinations in the filtrate were
carried out by the methods mentioned above. The insolu-
ble part on the filter paper was dried at slowly increasing
temperatures, then incinerated at medium temperatures, and
finally ash at 900 °C until it reached a constant weight, and
it was calculated as the acid-insoluble inorganic part. The
heating loss at 500 °C, which gives an idea about the amount
of organic matter, was determined after the dry carbonation
cake sample, which was weighed in a certain amount, was
burned at 500 °C with frequent mixing and brought to a
constant weight. The heating loss was determined by heat-
ing the dried carbonation cake at 105 °C to constant weight
at 900 °C. The surface areas of the carbonation cake and/
or some selected pyrolysis products were determined using
the BET single point nitrogen adsorption method with the
Micromeritics (ASAP-2020) device.

The pyrolysis of chlampe-carbonating cake mixtures
and the extraction of potassium is described below. In the
first stage, the carbonation cake prepared by drying and the
vinasse were mixed in 100 ml porcelain capsules with a
weight ratio of cake/vinasse to 1, and the water was removed
at 105 °C. The dried mixture, scraped from the porcelain
capsule, was crushed in a mortar to make it thin and then,
transferred to narrow and deep crucibles in order to make
it difficult for the air to diffuse into the mass during heat-
ing. The lids of the crucibles were closed, and the samples
were subjected to pyrolysis between 400 and 600 °C for 6 h.
The obtained pyrolysis products were mixed with distilled
water at a water/solid ratio of 10 and shaken at a speed of
200 rpm for 30 min in an incubator whose temperature was
kept constant at 25 °C. The mixtures were filtered through
blue band filter paper. K*, Na*, Ca** + Mg?* analyzes and
pH and color measurements were made in the filtrates. COD
determination was performed in some selected samples. In
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the second step, the heating temperature was selected as 500
°C, and the samples prepared with a dry cake/vinasse ratio
of 1 were heated for 1, 2, 4 and 8 h. Extractions were car-
ried out under the standardized conditions mentioned above;
analyzes and measurements were made on the filtrates and
the effect of heating time on potassium extraction was inves-
tigated. At the last stage, 500 °C was chosen as the heating
temperature and 4 h as the heating time, and the effect of
the dry cake/vinasse ratio on the potassium recovery was
investigated by subjecting the samples prepared by changing
the dry cake/vinasse ratio between 0.5 and 8.

After the pyrolysis products obtained during the whole
study were subjected to the extraction process described
above, they were washed several times with distilled water
until the pH of the washing water dropped to around 8. 0.2 g
samples taken from the residues dried at 105 °C were shaken
with 200 ml of methylene blue solutions at 250-1000 mg/1
concentrations for 72 h at 25 °C at constant temperature.
The methylene blue analyzes in the solutions separated from
the solid were carried out spectrophotometrically by mak-
ing absorbance measurements at 640 nm after the neces-
sary dilutions were made. At the end of the experiments,
methylene blue concentrations in the solution medium were
applied to the linearized Langmuir and Freundlich isotherm
equations, taking into account the equilibrium concentration.
Since the data conformed more to the Langmuir equation
(Eq. 1) (R?>>0.985), the methylene blue holding capacity
of the solid was determined by calculating the gqmax term
in this equation.

c, 1 c,

de  bX G

Qmax (1)
ce and ge are the equilibrium concentrations of methylene
blue in solution and solid phase (mg/l and mg/g), respec-
tively; g.x 1S @ maximum adsorption capacity (mg/g); b is
a coefficient for the binding affinity or bond energy of the
active sites causing methylene blue adsorption. Q,,,, was
calculated from the slope of the linear graph drawn between
ce/qe and ce. The surface area calculations of the samples
based on methylene blue adsorption were made according
to the method used by Vilar et al. (2007) (Eq. 2), consid-
ering the adsorption capacity of methylene blue and the
adsorption capacity found from this isotherm and the area
occupied by the methylene blue molecule. The values found
were compared with the results of single point BET analysis
performed on some selected samples.

_ Gmax X ovim XN

SmM = —————— 2
MM Moy ()

Sy 1s specific surface area calculated on the basis of
methylene blue adsorption; gmax is methylene blue uptake
capacity calculated from the Langmuir isotherm; oy, is area
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occupied by one methylene blue molecule (129.2 A?); Nis
Avagadro’s number, and MMM is the molecular weight of
methylene blue. During the course of the study, the condi-
tions in which potassium is extracted with the best efficiency
from the pyrolysis product were determined as the main
objective, while the methylene blue adsorption ability of
the extraction residue consisting of CaCO; and carbonized
substances from the water environment was determined. In
the preparation of the samples subjected to pyrolysis, 25 g
of carbonation cake and the amount of vinasse correspond-
ing to the experimental conditions were used. As a result
of all pyrolysis processes, black colored and non-agglom-
erated products were obtained. The pyrolysis products
were crushed and dispersed in a mortar and sieved through
a 100 mesh sieve. Extractions were carried out under the
conditions specified in the samples taken from the sieve.
All experiments were repeated twice and in cases where the
obtained results differed more than 5% compared to each
other, the third experiment was applied. The two close val-
ues obtained were averaged. Chemicals of analytical purity
and distilled water were used in all analyzes.

Results and Discussion

Before moving on to the results of the experimental study,
it would be appropriate to examine the characteristics of the
carbonation cake and the vinasse used in the study.

The carbonation cake contains more than 80% CaCO;.
Since the glow loss at 500 °C gives information about the
organic matter content, it is understood that the cake con-
tains around 7% organic matter (Fig. 1). Since this value is a
significant amount, it is an obvious fact that this residue can
cause organic pollution in the waters it is discharged. The
potassium and sodium content of the cake is not in signifi-
cant quantities (Figs. 2, 3).

Considering that the concentrated litter is obtained by
concentrating 5-6 times, it has a COD value of approxi-
mately 70,000 mg-O,/1 as it comes out of the factory, which
explains the high pollution potential if the vinasse is dis-
charged into surface waters as wastewater. The presence of
a significant amount of potassium in the composition of the
vinasse indicates that it is a source of potassium. Another
important parameter is the color of the clamp. The fact that
the 500-fold diluent squeegee has an absorbance value of
0.177 at 420 nm explains its very dark coloration.

FTIR spectra are shown. In these examples (Fig. 4); The
degradation and bending peaks of the free carbonate ani-
ons in the calcium carbonate structure are observed at 713
and 874 cm™! absorbances. Fundamental failure stresses
(in 1350-1650 cm™! wide vibration band) were found in
all samples at 1419, 2980, 2960 and 2870 cm™! are the first
overtone bands from the fundamental stress vibrations of
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Fig.1 X-ray diffractogram of carbonatation cake

carbonate anions. The 2520 cm™ peak (1083 cm™!) seen
in all samples is due to the combination bands, and the
1790 cm™! peak.

The properties of the vinasse and dry carbonation cake
used in the experiments are shown in Table 1. In order
to examine the variation of the percentage of potassium
extracted with water from the pyrolysis products of car-
bonation cake-treatment mixtures with the heating tem-
perature, the results obtained from the experiments carried
out by heating the samples with a cake/vinasse ratio of 1
for 6 h.

It is seen in Fig. 5. By increasing the temperature from
400 to 500 °C, potassium gain increases, after which there
is no significant increase. Approximately 93% of potassium
can be extracted from the product obtained by pyrolysis at
500 °C. The fact that the pH of the extract obtained even at
a relatively low temperature of 400 °C is around 12, can be
attributed to the decomposition of organic acidic substances
by carbonization and the presence of alkaline salts (prob-
ably carbonates) remaining in the environment, considering
that CaO will not form at this temperature. Another very
important result is that the extract of the pyrolysis product is
a colorless solution. While the color measured at 420 nm of
the original vinasse diluted 500 times was 0.177 absorbance
units, this value was determined as 0.012 in the undiluted
solution in the extract of the pyrolysis product. When a ratio
is made, it is possible to state that the color is lightened to

i Cat0s

a very high degree; in other words, the solution becomes
completely colorless.

On the other hand, the COD value of approximately
372 g-O,/L detected in the vinasse was determined as
410 mg-O,/L in the extract. When a unit-based compari-
son is made, taking into account the volumetric amounts of
vinase used in the experiment and the extract obtained at
the end of the experiment, it can be calculated that there is
an 80-fold reduction in the amount of COD. This situation
also shows that most of the organic materials are carbon-
ized and that potassium can be taken into an environment
that has been largely removed from organic materials. As a
result, it can be said that a large part of the potassium in the
vinasse can be recovered with reduced organic matter load
and color by these processes. Potassium from pyrolysis prod-
ucts methylene blue adsorption of the extraction residues
remaining from the extraction and consisting of carbonized
substances and CaCO;. When the values of the raw carbona-
tion cake and the reference carbonation cake heated at the
relevant temperature are taken into account, it is seen that
the capacity of the carbonation cake has increased (Fig. 5).
The methylene blue adsorption capacities of the extraction
residue of the pyrolysis product of the crude carbonation
cake, the reference carbonation cake heated at 500 °C, and
the carbonation cake-treatment mixture (w/w ratio 1) pyro-
lyzed at 500 °C for 6 h were approximately 208, 281 and
361, respectively. It was found as mg/g. It can be said that
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Fig.2 SEM image and EDX evaluation of carbonatation cake

methylene blue, which is a basic dye, has a relatively more
effective adsorption due to a possible increase in the sur-
face caused by an activation of the carbonaceous substances
formed with the increase in temperature, the development of
suitable functional groups and a higher ambient pH.

The BET surface area of the raw carbonation cake was
5.88 m*/g, while that of the reference carbonation cake pyro-
lyzed at 500 °C was 8.75 m%/g and that of the extraction
residue of the pyrolysis product of the carbonation cake-
process mixture at 500 °C was 11.44 m%*/g. On the other
hand, significant increases in the BET surface areas of the
residues obtained by pyrolysis at higher temperatures were
not detected. For example, the BET surface area was found
to be 12.17 m%/g in the pyrolysis-extraction residue obtained
at 600 °C.

According to Vilar et al. (2007), 129.2 Az’ which is
the largest cross section of the methylene blue molecule
expressed, Langmuir parameter (g,,,,) and a surface area
calculation for the carbonation cake, taking into account
Eq. (2), is approximately 85 times more than the single point
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BET method gives a result (Table 1). Based on surface area
values determined according to the BET method, although
the surface area of the residue of the potassium extraction
from the pyrolysis product of the carbonating cake-treat-
ment mixture is approximately 19.3 times that of the raw
carbonation cake (17.4 times on the basis of methylene blue
adsorption), this value is typically 500-1500. It is very small
compared to that of activated carbons (Do 1998) with sur-
face areas of m?/g.

However, it should be emphasized that the solid residue
from the potassium extraction has a considerable amount
(289-370 mg/g) and a basic dye removal capacity greater
than that of the raw carbonation cake (208 mg/g), as can
be seen from an examination of Fig. 6 is a result. Since
an increase of approximately 22% in the methylene blue
removal capacity of the extraction residues with increasing
pyrolysis temperature is beyond the target of this study, the
main purpose of which is to recover potassium, it was not
considered important to conduct a more detailed discussion
of the mechanisms of methylene blue removal and the cal-
culated surface area change based on this.

However, in order to make a comparison of the adsorption
capacities of these types of substances, in the study, they
conducted with the basic red22 dyestuff, which is also a
basic type of dyestuff, of dried cane sugar industry carbona-
tion mud by Magdy and Daifullah (1998); the adsorption
capacity was determined as 519 mg/g under similar condi-
tions. It should be emphasized that they found their value.
The results of the experiments in which the heating time was
examined by choosing 500 °C as the heating temperature are
given in Fig. 6. By increasing the heating time, the potas-
sium extraction efficiency increases significantly up to 4 h,
and there is no significant increase in efficiency in longer
heating periods. The solution color decreases as the time
increases. The color in the extract of the sample, which was
heated for a period of 4 h, was measured as 0.019. According
to these results, a pyrolysis time of 4 h is sufficient.

The results of the experiment in which the methylene
blue sorption capacity of the extraction residue remaining
from the recovery of potassium from the pyrolysis product
was tested (Fig. 6) showed that an increase of about 10% in
methylene blue removal occurred by increasing the pyroly-
sis time from 4 to 6 h. However, no significant increase in
the BET surface area of the residue was observed with the
prolonged pyrolysis time. The results of the experiments
carried out by choosing 500 °C as the heating tempera-
ture and 4 h as the heating time and changing the dry cake/
vinasse ratio between 0.5 and 8 are shown in Fig. 7. As
can be seen from the examination of the figure, as the dry
cake/vinasse ratio increases from 1, the potassium recovery
efficiency decreases significantly. In the experiment where
the dry cake/vinasse ratio was 0.5, the extraction efficiency
was slightly lower, and the extract color was higher (0.037
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T?ble 1 Some propellrties of Vinasse Carbonation cake

vinasse and carbonation cake
Properties Properties
Density, g/cm? 1.29 Density, g/cm’ 1.17
Bx, g-solids/100 g 63.20 Ca0O+MgO (CaO in terms of), % 48.30
pH 425 K (K,CO; in terms of) % <0.1
Color (420 nm’de absorbans)® 0.177 Na (Na,CO; in terms of), % <0.1
COD, g O,/1 372 Acid-insoluble inorganics 2.30
K, mg/l 42,500 500 °C glow loss 7.60
Na, mg/l 9600 900 °C glow loss 43.57
Ca+ Mg, mg-Ca/l in terms of 3250 (BET), m%g 5.88
Ash®, % 8.45 (MM)¢, m%g 499

“Dried at 105 °C
®In 500 times diluted sample
“at 900 °C

4Based on methylene blue adsorption (according to the largest cross section in the molecular geometry)
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Fig.5 The effect of pyrolysis temperature on the extraction of potas-
sium from the pyrolysis product of the Vinasse-carbonating cake mix-
ture (Pyrolysis conditions: Dry cake/vinasse ratio=1; Heating time
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Fig.6 The effect of heating time on the extraction of potassium from
the pyrolysis product of the vinasse-carbonating cake mixture (Pyrol-
ysis conditions: Dry cake/vinasse ratio=1; Heating temperature 500

absorbance units). This may be related to the higher amount
of vinasse in the mixture. In addition, the COD value in the
extract of the pyrolysis product with a cake/vinasse ratio of
0.5 was determined as 970 mg/l with a significant increase.
The methylene blue removal capacity of the extraction resi-
due samples obtained in this group of experiments decreases
as the dry cake—vinasse ratio increases.

This may be related to the presence of less and less car-
bonized substances in the mixtures as the ratio increases.
The BET surface area was measured as approximately 13.03
m?/g in the sample with a dry cake/vinasse ratio of 0.5.
When evaluated in terms of the main purpose of pyrolysis
and potassium recovery of cake—vinasse mixtures, the most
suitable conditions are. It can be said that the cake/vinasse
ratio is 1, the heating temperature is 500 °C, and the heat-
ing time is 4 h. In this study, the adsorption capacity of the
residue from the potassium extraction from the pyrolysis
product is compared with the methylene blue removal effi-
ciency of some low-cost adsorbents in the literature in dif-
ferent conditions, in Table 2. Accordingly, the significant

°C; Extraction conditions: Water/pyrolysis product ratio=10; Agita-
tion speed =200 rpm; Shaking time =30 min; Temperature =25 °C)

amount of methylene blue adsorbing efficiency of the extrac-
tion residue of the pyrolysis product shows that this residue
can be used effectively to remove basic dyes (Seyrek et al.
2020; Arslanoglu et al. 2023).

Conclusion

In this study, sugar factory residue carbonation cake and
molasses alcohol production residue were mixed in vari-
ous proportions and pyrolyzed at temperatures between
400 and 600 °C. It was concluded that potassium can be
extracted in a colorless form with a reduced organic mat-
ter load and with a high yield when it is then extracted
with water. The extraction residue consists of carbonized
substances and CaCOj; and has properties that can be con-
sidered as a good composite adsorbent for basic dyes. In
general, increasing the temperature up to 500 °C increases
the potassium extraction efficiency, while there is no sig-
nificant change in the yield at higher temperatures, the
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Fig.7 The effect of dry cake/vinasse ratio on the extraction of potas-
sium from the pyrolysis product of the vinasse-carbonating cake
mixture (Pyrolysis conditions: Heating temperature 500 °C; Heating

Table 2 Methylene blue adsorption capacities of some adsorbents

time=4 h; Extraction conditions: Water/pyrolysis product ratio=10;
Shaking speed =200 rpm; Shaking time=30 min; Temperature =25

Adsorbent Adsorption capacity, ¢, Surface area m%/g References

mg/g (BET)
SBBP 182.5 35 Tiirk (2023)
diatomite 199 29 Al-Ghouti et al. (2003)
fly ash 75.5 - Janos et al. (2003)
rice husk 312 - McKay et al. (1999)
tree bark 914 - McKay et al. (1999)
cotton waste 277 - McKay et al. (1999)
Activated sludge biomass 256.4 - Gulnaz et al. (2004)
A commercial activated carbon (E.Merck-India) 296.3 - Kannan and Sundaram (2001)
A carbon adsorbent made from waste newsprint 390 - Okada et al. (2003)
Activated carbon made from eucalyptus bark 427 1240 Patnukao and Pavasan (2008)
Activated carbon made from peanut shell 384 1180 Girgis et al. (2002)
Carbonation cake and carbonation cake—vinasse pyrolysis- 280-410 5.9-13.0 This work

extraction residue
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methylene blue adsorption ability of the residue increases
somewhat. On the other hand, potassium recovery effi-
ciency up to 4 h is positively affected by increasing the
heating time, while there is no significant increase in
potassium extraction efficiency or methylene blue adsorp-
tion capacity of the residue in longer heating periods.
When the amount of vinasse in the mixtures is increased,
there is a slight decrease in the potassium extraction effi-
ciency, while the color of the extract and the organic mat-
ter load increase.

Optimum conditions on the basis of potassium acquisi-
tion: cake/vinasse ratio was 1, pyrolysis temperature was
500 °C, and heating time was 4 h. Under these conditions,
in an extraction process lasting 30 min with a solid/water
ratio of 1/10, approximately, 93% of the potassium can be
taken into the solution medium as colorless and the organic
matter load is reduced by approximately 80 times. The black
residue consisting of very fine carbonized substances and
CaCO; remaining from the extraction has the ability to
remove methylene blue, which is a basic dye, at a capacity
of 326 mg/g. When this substance is used for paint removal,
it can be applied more safely than, for example, carbonation
cake, since it will give less organic secondary pollutants to
the environment. The results of this study reveal some fur-
ther research that can be done on the subject. For example,
the extraction residue that has adsorbed methylene blue can
be mixed with fresh vinasse and subjected to new pyrolysis
processes to be used in potassium recovery and dye adsorp-
tion processes. Thus, the objectives of both regeneration,
waste disposal and resource conservation can be realized
together. On the other hand, the obtained pyrolysis product
can be used to make compound fertilizer. For example, after
mixing with nitrogen and phosphorus fertilizer components
(such as urea, ammonium phosphates), it can be used to
make slow-dissolving type fertilizers containing N, P, K,
CaCO; and organic matter by passing them through com-
pactors. For this application, it is important to note that the
basicity of the pyrolysis product can lead to the degradation
of nitrogenous components.
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