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Tablel. Characteristics of the studied municipal wastewater sludge

pH ECus TOC% POZ-P TP NHs/-N TN Mg Na K

dsm mg kg*
6.6 1.79 48 5204 15927 904 18605 6513 2967 11207

Total concentration of metals
(mg kg)
Pb Cd Fe Zn Al Cr As Cu Ni Ag
57 0.32 1323 731 21063 18 1.9 179 30 2.3
0

EC: electrical conductivity; PO,*—P: Orthophosphate; TP: total phosphorus; TN: total nitrogen; TOC: total organic carbon
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Table 2. Allowable concentration of metals in sludge according to EPA 503

Heavy metals

allowable concentration of metals

(mg kg
Cd 85
Cu 1500
Ni 420
Pb 300
Zn 2500-4000
Cr 16-25
295 o bl g S Sy Fr-Y e
Table 3. Some properties of Gr-biochar
Biochar pH EC C N H CEC Surface Aria Ash
(ds m™ % (cmolc kg™ m? g*! %
9.6 0.2 71 0.87 2.9 34 277 11
K Na P Fe Mn Zn Cu Pb
g kg™ g kg* g kg* mg kg*
21 24 1.3 383 269 94 34 3.3

EC: electrical conductivity; CEC: cation exchange capacity; Yg= yield
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Figure 1. Struvite, 25%biochar +75%struvite (G25), 50%biochar+50%struvite (G50), 75%biochar+25% struvite (G75)
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Table 4. Chemical analysis of composites (%Struvite: % biochar)

%Struvite: Si0, AlLO3; BaO P20Os FeOz MgO NaO SO; KO CaO TiO,
%biochar
%
100:0 053 105 <0.05 2819 277 1651 145 138 159 1477 <0.05
75:25 136 086 <005 2540 030 1153 0.85 236 022 1427 <0.05
50:50 072 075 <0.05 2263 0.16 1023 1.06 0.78 0.34 9.32 <0.05
25:75 043 065 <0.05 1344 043 7.17 1.37 130 0.65 422 <0.05
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Table 5. Properties of composites (%Struvite: % biochar)

Parameter %Struvite: % biochar
100:0 75:25 50:50 25:75
Ps 12.67 10.36 9.38 6.27
N% 8.40 7.46 5.60 4.60
Mg 9.88 7.87 6.14 4.89
K% 1.20 0.26 0.40 0.78
pH(1:10) 7.48 8.23 8.32 8.43
ECq:10)(ds m™) 3.15 4.15 6.39 7.46
(mg kg-1) EU Fertilizer limit (Muys et
al. 2021)
Cd 2.80 1.80 1.90 2.40 60
Pb 7 6 16 19 120
Cu 16 37 43 51 600
Zn 900 1011 1132 1321 1500
AS 29.30 32.10 33.90 37.14 40
Mo 0.55 0.57 0.87 1.19 -
Ni 13 13 14 15
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Figure 2. SEM of samples

\Y-

Pud (5 5ble ) Siiw g CaDlo
polie j5am 40 00 03l Lgw, sladiges >
0 Gl sl s S lgg il 1) oSl L 5 iz
Jsaz 53 HCI Yso 18 5 S e deasl G/L Y+ o baiie
Al jo diges coM> g
Ao T g S sl 5l iy Ve 08 S50 18
5 5955 pind yolie e a5 LT 5l g sl ey

)| oo oolo Ol

TVO : Culgg sl 1YO <l 10+ 10y sl B4
ojl—as y—olie jlade ;o &g, (ul W (F Jgo2) Jlzsm
9 S0 S | S50 15 | g2 0 00l (605
o pmolie glaly, ey Lol o sanlive Hlaie

(7 Jeoz) 8L il )l g jpa>
%cumulative release ) ooss olj] yolic crezs ao)s



\f’Y QL«.o.u)l.\ Al G)Lo.oi: AR ».\.1.’>

S o5 Gladss

iy 05 sl Vg0 /0 5 S s sl OIL Y+ yhain T 40 b diges el —F Jgar
Table 6. Solubility of samples in water, citric acid 20 g L, and HCI 0.5 mol L

%Struvite:% Dissolution Dissolution rate Mg Dissolution rate
biochar solution P(gL? (/) rate N(g L) ) @L?h )
water 1.35 1.06 0.046 5.50 0.0096 1.45
100:0 citric acid 77.88 61.43 0.17 20.41 0.4464 67.71
HCI 104.05 82.08 0.23 27.32 0.648 98.30
water 1.16 1.12 0.047 6.31 0.0096 1.82
75:25 citric acid 73.51 70.89 0.18 33.34 0.3793 72.20
HCI 90.95 87.71 0.25 33.24 0.520 99.69
water 1.09 1.16 0.048 8.56 0.0096 2.34
50:50 citric acid 78.24 83.41 0.19 33.62 0.2976 72.20
HCI 85.16 90.79 0.26 45.78 0.40 99.60
water 0.83 1.33 0.50 10.78 0.0096 2.94
25:75 citric acid 54.94 87.55 0.19 45.32 0.2544 77.90
HCI 57.12 91.03 0.28 59.90 0.32 100

4 K 456 (Hu et al. 2019; Jalali 2006) sls Lz
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Figure3. Cumulative release of P, N, and Mg from differente %Struvite:% biochar (100:0

(St), 75:25 (G25), 50:50 (G50), 25:75 (G75)) in water, 20 g L™ citric acid and 0.5 mol L-
HCI

\YY



\f’Y QL«.o.u)l.\ Al G)Lo.oi: AR ».\.1.’>

S o5 Gladss

Sy AT dsl 5 S s sl ale O 0 b digad l jind g3lule, gl Seits (laoe lajially -V Jgor
Table 7. Parameters of kinetic models for P release from samples in water, HCL and citric acid

Water HCL Citric acid
First-order K1 Qe r2 Ki Qe r? Ki Qe r?
St 0.03 5.91 0.97 0.81 92.37 0.89 0.93 82.42 0.99
G25 0.03 6.95 0.98 111 93.26 0.89 0.82 87.18 0.99
G50 0.04 8.62 0.98 1.14 95.24 0.88 0.73 90.97 0.99
G75 0.05 10.52 0.98 1.23 97.39 0.97 0.77 92.05 0.99
Water 0.5 mol L't HCL 20 g L Citric acid
Second-order K Qe r? K Qe r? K Qe r2
St 0.01 8.13 0.96 1.01 96.33 0.96 0.06 87.26 0.91
G25 0.01 9.79 0.98 1.21 97.35 0.96 0.06 92.25 0.93
G50 0.02 12.43 0.93 141 99.89 0.97 0.64 96.26 0.93
G75 0.04 14.76 0.97 1.62 101.25 0.96 0.88 97.75 0.98
Water HCL Citric acid
Elovich a B r? o B r? a B r?
St 0.52 0.68 0.91 4.74 6.13 0.99 3.54 5.12 0.94
G25 0.76 0.70 0.91 4.98 6.76 0.99 3.78 5.13 0.93
G50 0.88 0.71 0.89 5.72 7.88 0.98 4.03 5.98 0.87
G75 1.18 0.73 0.90 6.71 8.52 0.99 4.67 6.21 0.90
Water HCL Citric acid
Fractional a b r2 a b r? a b r?
power
St 0.43 0.59 0.92 72.97 0.07 5.12 57.13 0.01 0.67
G25 0.43 0.62 0.95 73.34 0.08 3.65 59.67 0.01 0.76
G50 0.46 0.64 0.96 74.32 0.09 3.89 61.05 0.05 0.79
G75 0.66 0.67 0.94 75.41 0.16 2.19 62.97 0.08 0.85
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Abstract

Municipal wastewater is a rich source of phosphorus. Due to the limited non-renewable resources of
phosphate in the world, the recovery of phosphorus from wastewater in the form of struvite or
magnesium ammonium phosphate (MgNH4PO4.6H:0) as slow release fertilizer has been considered
worldwide. In this study, phosphorus removal from sewage sludge with digestion-absorption process
with H2SO4 (0.2 N) and the molar ratio of magnesium/ ammonium/ phosphorus in 2:1:1 at pH=8.5. The
struvite and struvite/biochar composites were performed in different ratio of grape biochar to struvite
including 0:100, 25:75, 50:50 and 75:25 and some of their physicochemical properties were identified.
Kinetic Phosphorus release of samples were investigated at 24 hr, 3, 5, 10, 14, 28, 42, 56 and 84 days in
distilled water, citric acid (20g/L) and HCI (0.5 M). The release of phosphorus, magnesium and nitrogen
in the samples increased with increasing contact time. The results showed that the phosphorus-
cumulative-release of composites in water and 20 g/L critic acid good fitted to the first-order Kinetic
model (R? =0.97-0.99), whereas it followed the Elovich model (R? =0.98-0.99) in 0.5 mole per liter
hydrochloric acid. In addition, the analysis of samples showed that the concentration of heavy metals
studied in this study, increased in the presence of biochar but were less than the allowable concentration
in fertilizers. In XRF analysis, P,Os has the highest composition of the obtained sediments. By
increasing percentage of biochar the release of phosphorus, nitrogen and magnesium increased in water,
citric acid 20 g/L and HCI 0.5 M and the maximum solubility of phosphorus was obtained in the ratio
of 75:25 biochar to struvite. Therefore, the use of waste grape pruning biochar in the struvite deposition
process increases phosphorus removal, solubility and phosphorus release rate.
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