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Outlines：：：：

I. Struvite Recovery from Municipal Wastewater : 

Fluidized Bed Crystallization (FBC).

II.Phosphate Recovery from Industrial  Wastewater : 

Selective Precipitation.

III.Other Technologies Applied for Sludge, Sludge Ash, 

etc.
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I. FBC

1.Conventional Biological           1. High purity with low

Activated sludge Process             heavy metal contamination,

to breakdown complex               low water content, and

into NH4
＋＋＋＋,PO4

-3, etc.               large size(3~5mm)crystals

2.EBPR(enhanced biological        with hardness characterize

phosphorus removal)and         a good slow-release 

BNR (biological nutrient fertilizer.

removal) processes make 

the〔〔〔〔PO4
-3〕〕〕〕 in the anaerobic

liquor up to 100mg/
ℓℓℓℓ

Municipal

Wastewater

Struvite（（（（MAP））））

（（（（Mg NH4PO4 · 6H2O））））
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3.On-site anaerobic digestion      2.The small size(＜＜＜＜1mm)

is better than off-site hauling.     and brittleness of MAP

4.In conjunction with high have resulted in low market

〔〔〔〔 PO4
-3〕〕〕〕 , high level of value. Sufficient hardness

〔〔〔〔 NH4
＋＋＋＋〕〕〕〕 also characterize        is  necessary to meet the 

anaerobic digester liquors.          requirement of commercial

5.〔〔〔〔Mg＋＋＋＋2〕〕〕〕needs to be added  fertilizer spreader.

and Mg : P ratio in turn             3.Fertilizer recovered from

controls the crystal size and       sewage is forbidden in 

hardness.                                   some local agencies.

4.The production cost is 

important in final product 

marketing.
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I. Wastewater                                     struvite    

1.Feed : digester liquor, 〔〔〔〔MgCl2〕〕〕〕dosing , 〔〔〔〔NaOH〕〕〕〕

dosing for pH control.

2.Control Variables : SSR（（（（super-saturation ratio））））,

Mg : P  ratio, and hydraulic shearing force 

controlled by liquid recycling rate.

Fluidized Bed

Crystallization(FBC)
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Full-scale Applications of ITRI 
patented technologies 

Fluidized Bed Crystallization 
UASB/ 

Anaerobic MBR 
system 

BioNET 

Web-MBR 

能環所能環所能環所能環所

(FBC) 
Eff luent 

Crystal 

Carriers is in 

fluidized state 

Distributor 

C arrier 

Wastewater Soda 

R ecycle 
R eagent 

Fluidized-bed 

Fenton Reactor 

(FBR-Fenton) 

Anaerobic Fluidized Bed 

(AFB) 
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• Fluidized Bed Crystallization Wastewater 

Treatment and Resource  Recovery Technology  

by ITRI. 

• 7 FBC for Fluoride recovery（（（（5 in 

semiconductor industry, 2 in TFT-LCD 

industry））））2FBC for Ammonium removal（（（（TFT-

LCD））））2FBC for calcium removal（（（（1 in water 

softening and 1 in petrochemical wastewater 

reuse））））

1 FBC for Heavy metal removal（（（（PCB 

industry））））
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‧‧‧‧Ostara Process                           
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Phosphorus recovery from Edmonton Goldban WWTP, Canada.

80% of phosphorus and 10-15% of the ammonia from a flow of 

500 CMD can be recovered.
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· Combination of Phosphate and Ammonium

Rich Streams for Struvite Recovery from  

Municipal Wastewater.

• Struvite(MgNH4PO4 · 6H2O),a crystalline                  

structure comprised of Mg+2,NH4-N,PO4-P, is 

commonly encountered in wastewater.

•The fluidized bed reactor can grow crystals to  

5  mm in diameter with much greater crystal 

hardness and purity.
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II. selective

precipitation

1.Wastewater contains         1.Form three possible precipitates:

high level of 〔〔〔〔F-〕〕〕〕 newberyite 〔〔〔〔MgHPO4 ·

3H2O 〕〕〕〕

and 〔〔〔〔SO4
-2〕〕〕〕and              trimagnesium phosphate  

〔〔〔〔PO4
-3〕〕〕〕and 〔〔〔〔NH4

＋＋＋＋〕〕〕〕 〔〔〔〔Mg3(PO4)2˙̇̇̇22H2O〕〕〕〕

in wet etching unit.            bobierrite

〔〔〔〔Mg3(PO4)2˙̇̇̇8H2O〕〕〕〕

Semiconductivity

Indust. Wastewater 

Mg3(PO4)2 · 8H2O or

Mg HPO4· 3H2O
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2.Calcium reacts with both        2.Further purification and 

phosphate and fluoride,             processing depends on the

the calcium phosphate               final application.

〔〔〔〔Ca5(PO4)3OH〕〕〕〕cannot 

be obtained in pure.

3.Magnesium salts(MgCl2)

can be a good solution in 

recovering 〔〔〔〔PO4
-3〕〕〕〕from

Waste stream, Knowing that

they have low reactivity  

with fluoride.
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II. Wastewater                                            precipitates

(further processing)

1.Pretreatment（（（（pH＜＜＜＜3.0））））

Selective Precipitation by CaCl2to recovery CaF2and 

remove metal ions.

2.Selective precipitation（（（（pH at 3~10））））

Selective precipitation by MgCl2 to recovery phosphate :

Selective Precipitation

(by Mg salts)
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Newberyite〔〔〔〔MgHPO4˙̇̇̇3H2O〕〕〕〕is predominant at pH＜＜＜＜6.0 

Trimagnesium phosphate

〔〔〔〔Mg3（（（（PO4））））2˙̇̇̇22H2O〕〕〕〕 is favorably formed at pH＞＞＞＞9.0

Bobierrite 〔〔〔〔Mg3（（（（PO4））））2˙̇̇̇8H2O〕〕〕〕will form at pH＝＝＝＝8~10

3.Control Variables :

pH, molar ratio of 〔〔〔〔Mg＋＋＋＋2 〕〕〕〕：：：：〔〔〔〔PO4
-3 〕〕〕〕and other

species competitivity and interferences.
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ⅡⅡⅡⅡ. Selective Precipitation : Pretreatment

Selective Precipitation of Fluoride and Phosphate

from  High-tech Industries.

‧‧‧‧Armco Electrosteel Co.USA

Selective precipitation of  Fluoride from

Electrosteel waste stream by Two-Stage Lime

Neutralization.
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The first stage 

of precipitation
Filter

CaF2 reused as 

flux, purity 85%

The second stage of 

precipitation
Filter

(F-:1100mg/l)

Fluoride-containing 

wastewater

Ca(OH)2

Ca(OH)2

(PH<2.5)

Wasted sludge with

various metals(Fe,Ni,Cr)

To wastewater treatment plant

(PH=8)

Selective precipitation to recovery CaF2 in Armco ElectroSteel Co. USA
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‧‧‧‧ Basic Chemical Concept:

.The solution of CaF2 at PH=2.0 is about 65 mg/l, 

therefore, around 95% of the influent of fluoride 

(F-: 1100 mg/l) will be precipitated as CaF2.

.At PH < 3.0, reversely, the solubilities of Fe(OH)3, 

Ni(OH)2 and Cr(OH)3 are all very high, and can 

be separated and get high quality of CaF2.

.Compare to the nature CaF2 mineral, the product 

from selective precipitation process makes even 

higher purity (85%) than 77%-80% of nature 

one.
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‧‧‧‧ Selective Precipitation : Phosphate 
Recovery

Selective Precipitation of Phosphate   from  

Semiconductor Wastewater

Flow Characteristics:

Fluoride(F
-
):                       800-1000mg/l

Sulfate (SO4 
════
):                    500-650mg/l

Phosphate(PO4
≡≡≡≡
):                100-120mg/l

Ammonium(NH4
+):              20-30mg/l
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• Basic Concepts:

Magnesium salts have low reactivity with  

fluoride,therefore,can be a good separator for 

phosphorus from fluoride ions.

Three possible magnesium phosphate 

precipitates,namely,MgHPO4 · 3H2O,

Mg3(PO4)2 · 22H2O and Mg3(PO4)2 · 8H2O

MgCl2 is more effective than MgO.
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• Operation Conditions:

molar ratio of【【【【Mg
+2

】】】】:【【【【PO4

-3

】】】】=3 to3:2

pH=8-10

phosphate  recovery rate = 40-70%

product Mg3(PO4)2 ˙ 8H2O  is dominated

when molar ratio is 3:1, pH=10 , and 

recovery rate is 70%.
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In some cases it has proved to be attractive to form metal phosphates. Anions 

are usually removed as calcium salts. Occasionally it is more desirable to form 

complex salts. For example, phosphate can be removed as NH4MgPO4 while 

simultaneously  reducing the wastewater nitrogen content. 

Table C: Periodical system showing pellet reactor experience
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For industrial wastewater, magnesium salts 

have low reactivity with fluoride, therefore, 

can be a good separator for phosphorus from 

fluoride ions. Selective precipitation of 

phosphorus from semiconductor and TFT-

LCD waste streams as the forms of magnesium 

phosphate precipitates seems a promising 

approach. 
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III.Other Technologies Applied for Sludge, Sludge

Ash, etc.（（（（www.phosphorous-recovery.tw））））
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Thanks for your attention!

email:gdroam@mail.niea.gov.tw

Tel:886-3-491-1006

Fax:886-3-491-5460


