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Remove Phosphorus from Agricultural Drainage Water Using Designer Biochar: 

Mechanisms and Field Application Potential
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Introduction and Goal:
Subsurface tile drainage systems have been widely

used in agricultural fields in the Midwestern United

States to remove excess water from the soil profile

to increase crop production and promote soil

conservation. However, these drainage systems can

deliver large quantities of nutrients from agricultural

fields to local waterways. The goal of this project is

to generate designer biochars to effectively capture

phosphorus (P) from subsurface tile drainage,

recycle phosphorus-captured biochars as a slow-

release fertilizer, and keep phosphorus in the closed

agricultural loop.
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Task:
➢ Create designer biochars by pyrolysis of

biomass pre-treated with lime sludge.

➢ Evaluate the sorption capacity of designer

biochars for P and characterize their adsorption

mechanisms.

➢ Conduct field trials to use designer biochar

pellets to capture P from drainage water.
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Results:
➢ The designer biochar exhibited a high adsorption performance

for dissolved P compared to other P sorption materials.

➢ Post-sorption characterization showed Ca3(PO4)2, CaHPO4,

and MgHPO4 were formed on the surface of the P-loaded

designer biochar, indicating these P compounds precipitated

on the biochar have a great potential as a slow-release

fertilizer.

➢ A field trial showed that the designer biochar pellets could

capture phosphorus, especially for total P, from drainage water

and thereby reduce the nutrient loss into the watersheds.
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Adsorption of P could be controlled by multiple mechanisms

➢ Intrapartical diffusion on designer biochar (physical adsorption), like activate carbon

➢ Surface deposition reactions on designer biochar, lime sludge:

➢Activate precipitation of P by designer biochar (i.e., high pH)

Alkalinity is one of the most influential properties for most biochars because their 

surfaces contain a large amount of alkaline functional groups

Ca2+ + PO4
3- +.xH20 → Ca3(PO4)2

.xH20   

Mg2+ + PO4
3- +.xH20 → Mg3(PO4)2

.xH20   

Ca2+ + HPO4
2- +.xH20 → Ca2HPO4

.xH20   

Mg2+ + HPO4
2- +.xH20 → Mg2HPO4

.xH20   

NH4
+ +  Mg2+ + PO4

3- +.6H20 → NH4 MgPO4
.6H20 (Struvite)  


