
Leaching Reactor
Unit

64.16% RecoveryWater: 5,864.28 kg

Fly Ash: 4,691.43 kg,
Grade: 350 mg/kg

(1.642 kg Ge)

Cake: 6,970.12 kg (35% Water)
(0.595 kg Ge)

Leachate:
21,178.45 kg
(1.065 kg Ge) Complexation

Catechol:
15.01 kg

H2SO4 Solution (10% wt): 11.26
kg H2SO4,101.34 kg Water

Aqueous phase:
21,306.05 kg
(1.065 kg Ge) Fresh OP: 

170.45 kgExtraction
Mixer

Extraction settler
98% Recovery

Organic
reagents

TOA: 
1.556 kg

Kerosene:
168.89 kg

Mixture: 24,715 kg
(1.105 kg Ge)

Stripping
solution

NaOH: 31.90 kg 
Water: 

797.54 kg

Stripping waste + lost
ROP: 1,335.61 kg,

(0.003 kg Ge)

Organic extract: 
3,746.17 kg

(1.083 kg Ge)

Stripping
Mixer

Mixture:
4,575.61 kg

Stripping
Settler

96% Recovery 

 1.475 kg GeO2
(1.024 kg Ge)

Recycled OP: 3,238.5 kg
(0.040 kg Ge)

Reduction
99% Ge
recovery

0.125 kg H2(g)
0.868 kg N2(g)

1.454 kg Residue
(0.01 kg Ge)

1.014 kg Crude
Ge metal

Zone Refining
99% Ge recovery

Cutting sludge:
(0.01 kg Ge)

1.004 kg
Ge metal

Crystal Pulling
99.6% Ge recovery

1 kg Single Crystal
Germanium 

NOTE
1. KER: Kerosene

2. TOA: Trioctylamine
3. ROP: Residual Organic

Phase
4. Organic phase (TOA & KER):
About 95% of required is from

ROP
5. Leaching reactor unit:

Raffinate reutilized in leaching
increased recovery from about
50% to 64% though more Ge in

raffinate lost in Cake
6. Actual Flowsheet ends at

GeO2 but subsequent
processing added from the

chloride distillation flowsheet
Recycled material is

represented by 

Flowsheet for Germanium Recovery from Fly Ash by Solvent Extraction

Residual Raffinate: 
3,603.36 kg

(0.004 kg Ge)

After-settler pond
(Raffinate): 20,968.84 kg

(0.022 kg Ge)
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Impurities:
(0.004 kg Ge)

829.44 kg

Drying & Calcining
98% GeO2 recovery

Aqueous extract:
1.505 kg GeO2

(1.04 kg Ge)

0.03 kg GeO2(g)
(0.016 kg Ge)


