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INTO A PLANT-AVAILABLE SPECIATION

Hongyan Nan, Shanghai Jiao Tong University, Shanghai, China
nanhongyan@sijtu.edu.cn
Ling Zhao, Shanghai Jiao Tong University, Shanghai, China
Xinde Cao, Shanghai Jiao Tong University, Shanghai, China

Key Words: Sludge, Composite biochar, Calcium-phosphorus crystalline, Slow-release, Plant root length.

The mass-produced sewage sludge (SS) worldwide is regarded as an important phosphorus (P) pool with a P-
content of 2-3% (dry basis). Pyrolytic conversion of SS into P-rich biochar has multiple environmental benefits:
toxicity elimination, carbon sequestration and soil fertilization. It has been proved that P transforms into insoluble
speciation such as CazP207 during pyrolysis, and this would be influenced significantly by inherent minerals
such as Ca, Mg, Fe, Al, etc [1, 2]. With a purpose of enhancing biochar’s fertilizer efficiency to plant, we selected
calcium (Ca) as an additive to SS and expected their thermal-chemical interaction would induce P transforming
into a plant-available speciation. The sequential extraction experiments showed that after pyrolysis (biochar:
SS500) the percent of the insoluble phosphates (HCl-extracted P) increased significantly from 8.28% to 76.6%,
while the readily soluble P species being extracted by water, NaHCO3s and NaOH decreased sharply. Doping
CacCl:z strengthened this transformation and the produced biochars at pyrolysis temperature of 500°C with 20%
(w/w) Ca-doping (biochar: SS-Ca500) contained 84.1% insoluble phosphates and 5.28% Fe/Al mineral
adsorbed P (NaOH-extracted P). It indicated that Ca could compete for more P than Fe/Al during pyrolysis.
Instrumental analysis (XRD, NMR) showed that Ca promoted more formation of pyrophosphate and short-chain
polyphosphates such as Cas(P0a4)3(OH), Cas(P0a)sCl, which are species facilitating plant-uptake while avoiding
dissolution loss. This study gave an insight into P speciation transformation during biochar formation and
suggested that P availability in biochars are controllable by doping minerals to structure a safe slow-release P
fertilizer benefiting plant growth.

(:}Hu T INaHCO. 2 BB NaOEL P

100 2 PElResde? v TP

l"’
A 1
- p
’ doo o ss = W
=4 $8500 .
R - ’““"“t Phosphorus g%
F E 4 0 in sludge 5 w0
2 |go 2 ]
e 4 E 2
;'!f -
0 8 4 i A 43 - st 0
1 (h
e Pyrolyslb

® Ca(PO),C1 P
- v - 7

AC3(PO)JOH)
2 I

70 a3 Jo 15 10 ) 0 5 -10 -15 20

} / SS
ey

[1] Huang R, Fang C, Lu X, Jiang R, Tang Y. Transformation of Phosphorus during (Hydro)thermal
Treatments of Solid Biowastes: Reaction Mechanisms and Implications for P Reclamation and Recycling.
Environ Sci Technol, 2017; 51(18):10284-10298.

Liuw J, LiW W , Jiang H, Yu H. Fates of Chemical Elements in Biomass during Its Pyrolysis. Chem Rev,
2017; 117(9):6367-6398.

$5.Cat00 ’l‘.’"’““P
|
J__

2605 Chemical shift (ppm)



