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Characterization of Granular Fertilizer Produced by Fly Ash
from a Sewage Sludge Incinerator
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Abstract : This study assessed feasibility of making granular fertilizer with fly ash from a sewage sludge incinerator in Korea.
Composition, characteristics, strength, and heavy metal contents of the granular fertilizers were investigated. Due to its high contents
of phosphorus, fly ash from a sewage sludge incinerator could be used to make fertilizers. Granulation rates (2-4 mm granules)
over 80% could be achieved as the fly ash contents were 15% or less of the fertilizer. Leaching tests of the fertilizers, based upon
the Korean Standard Methods for Solid Wastes, showed the concentrations of heavy metals less than the risk limits. However,
contents analysis of the fertilizers, based upon the Korean Standard Methods for Soils, experienced higher levels of heavy metals
than the risk limits as the fly ash content exceeded 7% of the fertilizer. Thus, the fly ash needs to be added less than 7% of the
fertilizer if there is no pretreatment to remove heavy metals.
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Table 1. Mixing ratios of raw materials and granulation results

(Fly ash content > 40%)

Weight of for-

Thal Mixing weight (g) med particles (g) Gr?nula—
ion
No. ;:SI{] Kaolin B‘;RLO_ i;fg Uea  (2~4 mm) rate (%)
01 200 - - - - - 0
02 180 20 - - - - 0
03 180 - 20 - - - 0
04 180 - - 20 - - 0
05 160 40 - - - - 0
06 160 - 40 - - 0
07 160 - - 40 - - 0
08 140 60 - - - - 0
09 140 - 60 - - - 0
10 140 - - 60 - - 0
11 120 80 - - - - 0
12120 - 80 - - - 0
13 120 - - 80 - - 0
14 200 - - - 50 38 15
15 180 20 - - 50 6.8 27
16 180 - 20 - 50 152 6.1
17 180 - - 20 50 42 6 17.0
18 140 60 - - 50 35 14,0
19 140 - 60 - 50 549 220
20 140 - - 60 50 848 339
21 100 100 - - 50 904 36.2
22 100 - 100 - 50 79.2 317
23 100 - - 100 50 134 1 53.6
Table 2. Mixing ratios of raw materials and granulation results
(Fly ash content < 40%)
Y . Weight of formed
Trigl Y 8sh Mixing weight (o) pgaf’fides (@) Granulation
No, content Fly  Silica rate (%)
(%) Urea (2~4 mm)
ash  sand
a 0 0 200 50 244 2 qr.7
b 3 75 1925 50 2393 957
c 7 175 1825 50 2403 96.1
d 9 225 1775 50 2214 88.6
e 15 375 1625 50 2058 823
f 30 75 125 50 185,71 743
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Fig. 1. Particle strength of the produced fertilizers in this study
(n=5, average value, standard deviations),
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Table 3. EDS analysis results of the fertilizers produced with fly ash

Trial (@) N Mg Al Si P S Cl K Ca Ti Fe Total
b 4980 2192 0.33 283 7.56 408 247 259 3.90 210 0.50 192 100%
c 49,08 2404 0.39 262 467 537 213 562 345 1.63 0 1.00 100%
d 48 57 2112 072 254 3.30 8.13 241 232 6.58 240 0 1.91 100%
e 4955 21.80 0.58 2,07 3.08 954 223 228 432 226 0.35 1.99 100%
f 5091 22 81 0.30 1.19 134 16.08 0.88 281 3.68 0 0 0 100%

Fig. 2. SEM results of the fertilizer produced with fly ash 3% (a) and 7% (b).
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Fig. 3. XRD analysis results of the fertilizer produced with fly ash.
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Table 4. Heavy metal analysis results of fertilizers made with fly
ash by korean standard methods for solid wastes

Elemental analysis (mg/L)

Trial
As Cd Cr Cu Ni Pb Zn
a 016 003 049 113 028 027 181
b 021 008 055 158 031 065 244
c 027 011 066 172 031 09 279
d 03 014 076 219 036 131 339
e 050 017 093 276 038 191 386
f 105 030 182 574 076 353 654

Risk limit 50 5 300 300 50 50 900

Table 5. Heavy metal analysis results of fertilizers made with fly
ash by korean standard methods for soils

Elemental analysis (mg/kg)

Trial
Cd Cr Cu Ni Pb Zn

a 787 167 418 5496 1305 208 10958
b 1457 381 1319 7188 1413 1839 24616
c 1834 553 1563 9295 1823 2526 34817
d 2175 700 1906 12411 2555 3199 47405
e 3124 918 2198 19454 3501 4932 71898
f 3244 1769 42155 39712 7529 100,78 139331

Risk limit 50 5 300 300 50 150 900
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