
Why this small region is important?

[1]

“…it is the first element to be used up. 
Life can multiply until all the phosphorous 
is gone and then there is an inexorable 
halt which nothing can prevent.”
-Isaac Asimov, Life’s Bottleneck, 1959

1[1] Sun et al. 2018
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Recovering P from sewage sludge char (SC)
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hypothesis Experimental Results and 

discussion
Environmental 
implications Conclusion

SC

High P recovery efficiency (>80%)

Simultaneous extraction of heavy metals

Heavy metal free extract

Low P recovery (30-40%)

Alkaline Extraction

P (aq.)
pH>12

P fertilizer

Acidic Extraction

P (aq.)
pH<2

P fertilizer

Ca-P does not dissolve in 
alkaline conditions
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RESEARCH GAP

[2] Liu et al. 2021
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Enhancing alkaline P recovery
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SS+AS

Ca-P(aq)

pH ~3-5

Al-P(s)↓

Al (aq)

Acid pretreated 
sewage sludge 

rich in Al-PSolid-liquid 
separation

1. Selectively remove Ca from SS
•By adding alum sludge (AS) in 
acidic conditions

Al-P dissolves 
in alkali
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Acid extract 
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[2] Liu et al. 2021



Acidic pretreatment, pyrolysis and alkaline extraction
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WHAT DID WE FIND?



P mass balance in baseline case
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SC/MC
P loss =  C mg

Pyrolysis
(400/600/900˚C) SC/MC

P = D mgP = B mg

Alkaline
extraction Alkaline

extract
SS/MA

P = 100/89 mg

P loss = A mg

Char A B C D

SC400 14 86 58 28
SC600 13 87 67 19
SC900 14 86 78 8
MC400 2 87 11 76
MC600 9 80 27 53
MC900 2 87 43 44
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MS
P = 100 mg

P loss = 8 mg

Acidic 
extract

Acidic
extraction MA

P = 89 mg



P speciation during the process

• Apatite phosphate (AP) (mainly Ca-P)
• Non-apatite inorganic phosphate (NAIP) 

(mainly Al-P)
• Organic phosphate (OP)
• Inorganic phosphate (IP) ≈ AP+NAIP
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Molecular configuration of P
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Effect of char carbon on phosphorus extraction
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HOW CAN THIS PROCESS 
HELP?



The bigger picture
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Sewage
Treatment

Clean water
Reuse CO2 emission

Phosphorus 
wastage

Acidic 
pretreatment

Sludge Incineration
Sludge

Dewatering
Dry 

sludge
Ash

Landfill

Co-treatment of 
alum sludge

Dry 
sludge Pyrolysis

Char
P extraction

Char

Phosphorus 
fertilizerChallenges: 

• Pyrolysis = endothermic process
• Leachate management
• Cost

Carbon 
capture 

technology
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Take home messages
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Alkaline P recovery from Ca-rich SS possible
• Ca-P converted to Al-P during acidic pretreatment

Pyrolysis temperature affects P transformation
• Recalcitrant P species formed at high temperatures

Carbonization affects P extraction
• P immobilized in carbon matrix at high temperatures
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