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Soil strengthening, a little history 

• Classical soil strengthening 
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Liquid grouting 
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• The soil strengthened with the use of bacteria

• “glue together” of sandgrains with the use of calciet cristals    

urea

CaCO3

CO3
2- + Ca2+

Conversion by bacteria

urea 
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Scale up 

• Classical soil strengthening 

 

 

 

Tailored & Sustainable Redevelopment towards Zero Brownfields 

2003

2005

2007

1D 2D 3D

5 cm 1 m 1 m3 43 m3



www.zerobrownfields.eu 

21 oktober 

2014 

Proof of Principle 

2 3 3 22 2CaCl NaHCO CaCO NaCl CO   
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21 oktober 

2014 

Column experiment  
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21 oktober 

2014 
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21 oktober 

2014 

Problems: 
Clogging at the bottom 

Diagnosis: 
Too much oversaturation! >1000 times! 

 

 

acidify to reduce oversaturation 
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21 oktober 2014 

Results of Short Column Tests 
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Results Long (1m) Column Tests 
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Use in brownfields and function 

combination? 

• How does this work in a 3D environment? 

• With different injection locations? 

• And in Sand? 

• Can we use the “released/produced” CO2 

– stripping VOC 
– Improve env properties of Alkaline residues 
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3-step concept 
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Ecogrout
liquids in

Ecogrout
liquids out

Sealed/streng-
thened with ecogrout

Remediated soil by CO2

stripping

CO2 capture by 
carbonation with Mg/Ca

2 3 3 22 2CaCl NaHCO CaCO NaCl CO   

3 2 3 2CaSiO CO CaCO SiO  
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Carbonation:  

removal of CO2 
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100% CO2

FLOWMETER
CO2 flow rate ~ 10 

ml/min

BUBBLER

Humidified
CO2 flow

COLUMN

Humidified
SS slag

(40 g dry wt.)

2 cm

16 cm

Ecogrout
liquids in

Ecogrout
liquids out

Sealed/streng-
thened with ecogrout

Remediated soil by CO2

stripping

CO2 capture by 
carbonation with Mg/Ca

Evaluation of: 

• Particle size 

• Residence time 

• Liquid/solid ratio  

• wetting method 

Material: 

• Steel slag 

• Alkaline 

• Leaching concern 

 

3 2 3 2CaSiO CO CaCO SiO  
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Carbonation:  

removal of CO2 
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Ecogrout
liquids in

Ecogrout
liquids out

Sealed/streng-
thened with ecogrout

Remediated soil by CO2

stripping

CO2 capture by 
carbonation with Mg/Ca
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Slag diameter    <0.85 mm                                             <10 mm (unsieved) 
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Combination: ecogrout-

carbonation 
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COLUMN

Humidified
SS slag

(40 g dry wt.)

BUBBLER

FLOWMETER
CO2 flowrate ≈ 10 ml/min

100 % CO2

b)
ECOGROUT REACTOR:

Volume (Vtot): 7 L
Headspace to Vtot ratio: 0.7

pH data logger

pH sensor

Peristaltic pump

CaCl2 injection

NaHCO3 solution

Digital flowmeter

a)

Ecogrout
liquids in

Ecogrout
liquids out

Sealed/streng-
thened with ecogrout

Remediated soil by CO2

stripping

CO2 capture by 
carbonation with Mg/Ca

-1 size fraction (<0.85 mm) 

-different ecogrout reagent concentrations 
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Combination: ecogrout-

carbonation 
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Ecogrout
liquids in

Ecogrout
liquids out

Sealed/streng-
thened with ecogrout

Remediated soil by CO2

stripping

CO2 capture by 
carbonation with Mg/Ca
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Carbonated slag:  

environmental effect 
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Carbonated, 1.5 hr – combined test
(pH = 11)

LOQ

Inert waste landfill
(It. MD 27/09/10)

Limits for reuse
(It. MD 186/06)

Limits for groundwater quality
(It. LD 152/06)

Carbonated, 2hr – column test
(pH = 11.3)

Ecogrout
liquids in

Ecogrout
liquids out

Sealed/streng-
thened with ecogrout

Remediated soil by CO2

stripping

CO2 capture by 
carbonation with Mg/Ca

Leaching for 24 h at L/S 10 L/kg (stirred) 
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Remediation with CO2 
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Ecogrout
liquids in

Ecogrout
liquids out

Sealed/streng-
thened with ecogrout

Remediated soil by CO2

stripping

CO2 capture by 
carbonation with Mg/Ca
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3D effect 
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Ecogrout
liquids in

Ecogrout
liquids out

Sealed/streng-
thened with ecogrout

Remediated soil by CO2

stripping

CO2 capture by 
carbonation with Mg/Ca

V=200L 
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Setup large scale 
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Ecogrout
liquids in

Ecogrout
liquids out

Sealed/streng-
thened with ecogrout

Remediated soil by CO2

stripping

CO2 capture by 
carbonation with Mg/Ca
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Experiments in  

fine sand 
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Ecogrout
liquids in

Ecogrout
liquids out

Sealed/streng-
thened with ecogrout

Remediated soil by CO2

stripping

CO2 capture by 
carbonation with Mg/Ca
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Experiments in coarse sand 

Gas, Colourform 
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Ecogrout
liquids in

Ecogrout
liquids out

Sealed/streng-
thened with ecogrout

Remediated soil by CO2

stripping

CO2 capture by 
carbonation with Mg/Ca
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Conclusions 

• We can strengthen soil over signif distance 

• … combined with CO2 based remediation 

• … which CO2 can be captured by slag 
– CO2 uptake seems stronger than without ecogrout 
– Improves leaching behaviour 

• 3D behaviour fundamentally different from 1D 

• Permeability reduction through CO2 

• 1 technique in a toolbox, customization needed 
– Honeycomb structures? 
– Pulsed injections? 
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