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WELCOME TO BILBAO!

GENMINE
Innovative solutions for scaling problems in the 

Mining Industry. 
Successful experiences in LATAM.

Fernando del Vigo
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Membranes in mining

▪ Environmental discharge

▪ Metals concentration

▪ Leaching solution recovery

▪ Process water make up

▪ Domestic water
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▪ Yanacocha (5x250 m3/hr) + Pampalaga (2x250 m3/hr)

▪ Barren leach solution is treated and must be 

discharged safely into the environment

▪ RO concentrate returned to leaching solution.

▪ Cianides water, operation at very high pH values

Case study: Yanacocha gold mine
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▪ Problems with conventional antiscalant due to the 

progressive increase in the concentration of sulfates: 

severe scaling in all stages

▪ Membrane cleaning every 3-6 days with aggressive 

products and washed during a long time

▪ Membranes must be replaced every 6-12 months

▪ Low plant availability

Case study: Yanacocha gold mine
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• Free cyanide 30-50 mg/L → water pH  >8.7 

• Very high Calcium & Sulphates concentration.

• High concentration of heavy metals.

• Operation with variable conversion rates: hydraulic 

problems
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MACROSCOPIC MICROSCOPIC
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Caso de estudio: Minería

Feed side

Permeate side

Clean membrane Membrane damaged by
scaling

CaSO4 crystals

Spacer totally
scaled
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Scaling damage Metals damage

CaCO3

CaSO4

Case study: Yanacocha gold mine
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3D Microscopy 

Max 
deep:
12-14 m

Case study: Yanacocha gold mine
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3D Microscopy 

Polyamide

Polysulphone

Support

Case study: Yanacocha gold mine
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Lab cleaning – 1st stage membrane
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Recommendations:

• Replace conventional antiscalants with a specific antiscalants → Genesys CAS (CaSO4 & 

heavy metals).

• Use differential pressure, permeate flow rate and conductivity data to determine the need 

for cleaning.

• Data normalization and study of the fouling/scaling trend.

• Use of less aggressive cleaners, more specific and have a shorter action time.

• Optimization of operating flows.
Recovery
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Results:

• Average recovery increase from less than 45% to 66%

• Savings of more than 1 million m3 of water per year

• The frequency of cleanings was cut in half.

• The lifetime of the membranes tripled.

• The energy cost of operation was reduced by more than 50%
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Limitations of RO/NF plants use
Sulphate

Pyritic ores pH

Neutralisation AMD 
- lime

pH control of heap 
leach

CalciumAcidic from AMD

Alkaline from Heap 
leach Metals

Fe, Al, Cu, Mn, Zn

GYPSUM SCALE

4FeS2 + 9O2 + 4H2O → 8H+ + 4SO4
2− + 2Fe(OH)3.
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CaSO4 chemistry
Three major forms of CaSO4:

▪ Anhydrite CaSO4

▪ Dihydrate CaSO4 . 2 H2O

▪ Hemihydrate CaSO4 . ½ H2O

▪ Solubility of CaSO4 decreases 

significantly below 20ºC

▪ CaSO4 solubility is pH independent, 

slight decrease under acidic conditions

CaSO4

2 H2O

CaSO4

CaSO4

½ H2O
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▪ CaSO4 initially occurs as needles

▪ Growth as platelets & rosettes 

▪ Growth in areas of low turbulence

▪ Without treating the scale will damage the 

membrane 

▪ The damage to the polyamide will generate an 

irreversible increase in the passage of salts.

CaSO4 chemistry
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The need for antiscalants

▪ CaSO4 scale will be formed in all reverse 

osmosis plants working with high sulfate 

concentrations, regardless of the operating pH.
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EventMobi

Can you modify CaSO4 scaling 
potential by: 

1. Increasing/decreasing 
temperature?

2. Increasing/decreasing pH?

3. Increasing/decreasing recovery?

4. Using a softener?
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no antiscalant 3 mg/l 6 mg/l 10 mg/l

Beaker tests :
• Genesys CAS / CS2 (pH 7 to pH 11)

• Genmine AS26 (pH <4 – acidic water)

• 2.000 mg/L Ca + 20.000 mg/L SO4 (CaSO4 saturation x7.5)

• Metals: Fe, Cu, Al, Mn y Zn (0 a 300ppm)

Lab inhibition tests

• 2 years research

• >200 beaker tests

• 67 test on membranes
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CaSO4 (x7.5 sat) @ pH 7.0 CaSO4 (x7.5 sat) @ pH 2.0
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Antiscalant performance
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Test conditions:

• Antiscalant Genesys AS26

• Room temperature, 2 hrs recirculation

• 2.000 mg/L Ca + 5.000 mg/L SO4 (CaSO4

saturation x3)

• Metals: Fe (0 a 300ppm)

• Standard polyamide membrane (133 cm2)

• The Flat Sheet Rig houses a membrane and 

spacer coupons

• Monitor Ca²⁺ & SO4 levels 

• Monitor membrane performance

• Weigh membrane and spacer.

Membrane tests
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Membrane+Spacer Spacer x40Membrane&Spacer x10

No antiscalant

With AS26

Membrane & Spacer weight
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Project Plant data & Water Analysis
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Scaling potential
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Applications - Acid drainages wiht high sulphate concentration:

• Acid Mining drainages before RO

• Acid Mining drainages before press filters (Genesol 721)

• Acid water at oil refining

• Acid water at fracking industry

• Battery industry

• Etc, etc

Genmine AS26
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Conclusions

RO/NF plants

• recover leaching solutions

• improve metal extraction efficiency 

RO/NF produce pure water permeate;

• reused as process water make-up

• discharged safely to the environment.

RO/NF Membranes can operate outside of 

normal specifications. 

New antiscalants extend membrane life 

and make RO/NF technology viable.
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Phosphonate/polymer antiscalants

• Inhibit CaSO4 8-10 times saturation pH 5-9

• Dose rate 5-20mg/l

• At pH (<4) they do not work.

Genmine AS 26 antiscalant

• Inhibits CaSO4 8-10 times saturation pH (<4)

• Dose rate of 30-100mg/l depending on Fe & Al

• Inhibits CaSO4 with100mg/l iron & 10mg/l 

aluminium at pH (<4)

• Neutralisation of feed water not needed 
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So… we got

▪ Range of mine specific antiscalants formulated 
able to work at acid, neutral or high pH

▪ Minewater specific scale prediction software 
developed

▪ Products in use in over 30 
mine membrane plants

▪ Unique (AS26) product in 
the market for AMDs
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So… we got

▪ Range of mine specific antiscalants formulated 
able to work at acid, neutral or high pH

▪ Minewater specific scale prediction software 
developed

▪ Products in use in over 30 
mine membrane plants

▪ Unique (AS26) product in 
the market for AMDs

▪ So… what else do you 
need?
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