
Eawag: Swiss Federal Institute of Aquatic Science and Technology

Solid solutions of 

CrO4- / SO4-ettringite

Sabine Leisinger



Content

Introduction Chromium in environment

Chromium in cement system

Solid solutions Definition

CrO4- / SO4-ettringite

Experimental setup

and results Solid analysis

Solution analysis

Conclusions and 

Outlook



Chromium in the environment

Å 20th frequent Element on Earth

Å Major sources of Chromium 

contamination:

metal-plating

alloy production

mining and ore processing operations

textile dyes and leather tanning 

Ÿ prevalent contaminant of soils and 

waters in many industrialized areas
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Cr

Cr3+ Cr6+

Ÿ stabilization of Chromium-laden wastes in 

cementitious materials

Å toxic, mutagenic and 

carcinogenic

Å mobile, anion Cr04
2-

Ÿ alkaline 

environment: e.g. 

concrete basic waste 

solutions and  

fly ash



Chromate solubility as a function of pH
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Definition of solid solution systems

ĂSolid solution is a homogeneous crystalline structure in 
which one or more types of atoms or molecules may be 
partly substituted for the original atoms and molecules 
without changing the structure, although the lattice 
parameters may vary.ñ (Bruno et al., 2007)

ionic radius:

SO4
2- = 2.3 Å

CrO4
2- = 2.4 Å

geometry:        charge:

tetrahedral             -2

CrO4
2- SO4

2-
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Ettringite and Monosulfate

Ettringite, AFt phase

3CaO.Al2O3
.3CaSO4

.32H2O

Monosulfate, AFm phase

3CaO.Al2O3
.CaSO4

.12H2O

ÅEttringite + Monosulfate: 10-20% of a Cement

ÅOxyanions may substitute for SO4

(CO3
-2, SeO4

-2, CrO4
-2, B(OH)4

-, MoO4
-2, AsO4

-2, VO4
-2é)

CrO4
2-

SO4
2-

SO4
2-

Moore and Taylor (1970)
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Experimental setup

ssEttringite

3CaO Å Al2O3Å 3Ca (CrO4
2-/(SO4

2- + CrO4
2-))Å 32 H2O

Å W:S = 20

Å CaSO4 (CaCrO4). + C3A = ss Ettringite

Å Equilibration time = 90 days

Ÿ GLOVEBOX (prevent CO2-contamination)

50 ml

Solution analysis: ICP-OES

Solid analysis: TGA, XRD, SEM, ICP-OES, XAS
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XCr =  0, 0.1, 0.2, 0.4, 0.6, 0.8, 1



Scanning electron microscope (SEM)

Cr-ettringite

Cr0.4 - ettringite
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ICP-OES
Analysis of solid phases

XCr XCr

1 1

0.8 0.6*

0.6 0.4*

0.4 0.3*

0.2 0.1*

0.1 0.03*

0 0
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Thermogravimetric Analysis (TGA)

Cr-ettringite     Ca6(Al(OH)6)2(CrO4)3 Å 26 H2O

Total 

H2O:     22    +      7                                          +      3  =  32
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solid solution CrO4- / SO4-ettringite

Cr0

Cr0.1
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Cr0.4

Cr0.5
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Cr1

gypsum
calciteAl-hydroxide

Thermogravimetric Analysis (TGA)
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X-ray diffraction (XRD)
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XRD of CrO4- / SO4-ettringite ss
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X-ray diffraction
Solid solution characteristics in XRD

Peak shift Ÿ   variable molecule sizes
SO4

2- = 2.3 Å

CrO4
2- = 2.4 Å

Peak splitting Ÿ miscibility gap (2 phases)
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X-ray diffraction
Determination of unit cell parameters
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Hydrated cement paste
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Conclusioné

and Outlook
Calculations of solubility values

Confirmation of an existing miscibility gap based of 
solution analysis

Investigation of monosulfate-monochromate solid 
solutions

Determination of the limiting solid for chromate in a 
hydrated cement paste

Solid solution system of CrO4- /SO4-ettringites exists

-Incongruent dissolution (additional phases)

- Miscibility gap for XCr > 0.3 based of solid analysis (XRD)
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