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®m Arsenic As'O,>, As!lO,*

® Chromium CrV0,%, Cr'"'(OH),°

® Molybdenum MoVv'0,*

m Selenium SeVl0,%, SelVO,*

® Antimony SbY(OH),", Sb'"(OH),°

®m Vanadium VV0O,3, VIVO(OH),°, V'(OH),°
m Tungsten WViO,*
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B Have oxidation states that are oxyanionic

B Redox sensitive

B Enriched in many industrial wastes

B Legislation is recent for all except As and Cr

L bl wswiresidues | resdues | wetallurgical siags |
MSW!I residues residues Metallurgical slags

Lithosphere Soils Bottom ash Fly ash APC’ residues Coal bottom Coal fly ash FGD™" ash Blast furnace Steel slag Non-ferrous

ash slag slags

5 1-50 0.1-200 40-300 20-500 0.02-200 2-400 0.8-50 <0.7 5 0.2-2

200 1-1000 20-3000 100-1000 70-700 0.2-6000 4-900 2-200 30 8000-30000 20-300

2 0.2-5 2-300 15-200 2-40 1-500 1-100 1-50 <6.0 20 3-50

0.2-0.5 - 10-400 300-1000 80-1000 NA NA NA NA NA <0.1-0.3

0.09 0.1-2 0.05-10 0.4-30 0.7-30 0.1-10 0.2-100 2-200 NA NA 2-6

200 20-500 20-100 30-200 8-90 10-500 10-1000 8-400 400 1000-10000 40-400
30 NA NA NA NA NA <13 400 0.4-3

Cornelis et al. 2008a
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Knowledge gaps
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B No knowledge of the redox speciation
® Errors in thermodynamic database

® Insufficient knowledge of possible interactions

0.001 -
,__\0.0008 -
£ 0.0006 - For example:
200004 4/ ¢ v Se leaching from residue from
© 0.0002 - physico-chemical treatment of

0 wastewaters from Se production
113 243 5.77 654 7.08 8.06 9.03 104 (Umlcore)
pH

Cornelis et al. 2008b, J. Hazard. Mat. 159, 271-279.

Most critical elements: Se, Mo, Sb, V, (W)
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Ca?* + Sb(OH), = Ca[Sh(OH)], logK,, = 12.55

0 - Sb leaching as a function of pH
= | in a 1000 mg kg spiked OPC paste
© Experimental
§ o ® ® o P
=6 -® 1 o 7
2 ° Model ‘e oo

'8 T T T T ! ° L) °

25 7 oo Sb(OH), interaction with
Ca2* + Sb(OH); = CaSh(OH),* logK o = 2.15 M CS H

Cornelis et al., 2011. Appl. Geochem. 26, 809-817.
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Antimony in OPC paste

7 - N
Afm phases: Stacked Ca,Al,(OH),,* layers
m Sb K-edge EXAFS e

0}

Ca,Al[Sb(OH)],(OH),,.3H,0  logKg,= 65.4

«— Ca,Al,(SO,)(OH),,.26H,0
AFm —

solid solution
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Calcium antimonate = Romeite

e ———
Low pH and [Ca]

High pH and [Ca]

SbO
Vacancy CaOg °

XRD + Rietveld analysis
EXAFS analysis

Cornelis et al., 2011. Appl geochem 26: 809-817.
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pH — dependent leaching

0 - 41
R =5 _
:c"E ideal AFm 2
%4 . Ea[Sh[Gﬂ}d: solid solution %_6 i ) ’
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pH pH
Ca[Sb(OH);), = Ca?* + 2 Sb(OH)4
logK, = 12.55
Ca, 13Sb,04(0OH), 47 XH,0 +0.47H* = 1.13 Ca?* + 2 Sb(OH)4 + xH,O
logKy, = -12.50
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. Carbonation:
o ~ 28
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- 2 2 [Ca] decreases
— [}
b= °

2 15 8 pH decreases
o L) -, . -
o 8 =» Composition of rometie changes
8 05 Sb leachi 1 ?
Searc " — eacnin
2 g e 8 =» Sb becomes more soluble

-1.0 ——Sb-Ca - Coordination '

number (EXAFS)
-1.5 + T T 0
0 10 20 30
carbonation time (days)

28/04/2011

A Y A L 'M}ﬁf
19 Second Intern | Slag Valorisation Symposium




HPLC-ICP-MS
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Oxidation
state

Calcium arsenate precipitation

Calcium arsenite precipitation

solid solution formation with AFt phases
Ca,Cr,0; precipitation

CaMoO, precipitation,

solid solution formation with AFm-phases
solid solution formation with AFt phases
CaSeO, precipitation

Adsorption to CSH

Calcium antimonate precipitation

Sb,0, precipitation, adsorption to oxides, spinels
Pb,(VO,);or Ca,(VO,), precipitation

V(OH); precipitation or contained in spinels
CaWoO, precipitation

Contained in spinels

Second Internatiqn'al Slag Valorisation Symposium | Cornelis, Van Gerven, Vandeca

Solubility control by
« Calcium metalates
» Spinels for +lII states

Reduced states
generally have
lower solubilities
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What can be done?

® pH and Ca-concentration needs to be high

B Ageing
Slow cooling may e.g. Improve Cr''', V!l Spb'" uptake in
spinels
B Reduction to less soluble species
B In some cases accelerated 2| pensiyof '&‘A
. . . - | Surface !
carbonation combined with N DD I
neoformation of iron oxides =
S g 2
Log (Me),,
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0 4000 4000 6000 8000 10000
Particle size (nm)

: 2, -l
Specific surface area (m~ kg ')

Nanoparticles: "having at least one dimension less than 100 nm”

e = ) - B ! . -
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; ﬁ Zn0O nanoparticle
Heat of fusion (AH,,) ey solubility as a function
and me|ting point g of particle diameter
of Sn nanoparticles 2
(Auffan et al., 2009
Nature Nanotechnol. 4, 634-641) b
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Environmental applications

m High strength cements using Carbon nanotubes, SiO,,
Cr,0,, TiO, nanoparticles

m Fe® nanoparticles reducing solubility of CrO,%, AsO,*,
organohalogens, ...

® Films of SiO, and TiO, nanoparticles on slags

=>» Interest in:
Geochemistry of nanoparticles
Environmental fate and effect of nanoparticles

' 25 Second International Slag Valorisation Symposium | Cornelis, Van Gerven, Vandecasteele, Kirby, McLaughlin 28/04/2011
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3 Repulsion
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homocoagulation
Q: » @

heterocoagulation

AgNP + Fe,O,

+ * » -— —-
+* - -
++'|' i

NaClO, concentration (mM)

Cornelis et al., 2011. Environ. Sci. Technol. 45, 2777-2782.
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Colloid mediated
Nanoparticle
transport
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® High pH
m High negative nanoparticle charge = stability
m Most NP have coatings =2 stability

® |onic strength high

m 70— 200 mM whereas critical coagulation concentrations are
generally < 100 mM =>» Aggregation

’ AP T N Lo (R S B 1Y N -
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