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Reseach Development on Dissolution Kinetics of Fly Ash and Metakaolin

HUANG Zongxian, WANG Qiang
(Department of Civil Engineering, Tsinghua University, Beijing 100084, China)

Abstract: Alkali-activated materials (ACMs) and supplementary cementitious materials (SCMs) are two important alternative binders
to reduce cement consumption. The dissolution reactivity of the precursors of ACMs and SCMs, such as fly ash, is an important
property to further understand the performance of both materials. This review represented the existing knowledge of the
aluminosilicate dissolution theory in geology, mineralogy and zeolite material. The reaction order and activation energy are two
important parameters used to characterize the reactivity of a material. In addition, the influences of temperature, alkali concentration

and milling on the dissolution kinetics of fly ash and metakaolin were also reviewed.
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Table 1 Reaction orders of different aluminosilicate minerals dissolved in acidic and alkaline solutions

Mineral Chemical formula Reaction order with H" Reaction order with OH™ Reference
Quartz SiO, 0.31 0.41 [39]
K-feldspar KAISi;Oq4 0.50 0.82 [39-40]
Albite NaAlSi;Og 0.40-0.46 0.38-0.57 [39-40]
Kaolinite AlSi,05(0OH), 0.13 1.02 [39]
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(a) Breaking of a chemical bond between cation M** and solid surface, and
the transfer of cation M*" from the surface and formed complexes with OH;
(b) breaking of a chemical bond between anion A* and solid surface, as well
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by Crundwell™
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Fig.2 Structure of charge and the potential difference between bulk solid and bulk solution™
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Table 2 Kinetic model and parameters of a previous study on the dissolution of fly ash in alkaline solution

Dissolution model Ratio Solution  E, /(kJ <mol<L’l) Dissolution order  Reference
Modified shrinking core model: 1.Two regions, 2. Hollow sphere 100 mL/0.1 g NaOH 0.97-1.60 [27]
Modified shrinking core model with grade N (chemical reaction control) 100mL/2.5 g KOH 102 [31]

. . . . . 035mL/1g
Modified shrinking core model with grade N (chemical reaction control) KOH [80]

100 mL/2.5 g
Shrinking core model 100mL/5 g NaOH [81]
Shrinking core model under finite solution volume condition [87]
(@257C (b)85 C
5 fEl £ 7E 5 mol/L F1 8 mol/L NaOH AW HH7E 25 ‘CAll 85 C A FIIVAAE Si/Al LI
Fig. 5 Dissolved Si/Al ratio of metakaolin in 5 mol/L and 8 mol/L NaOH solutions at 25 °C and 85 ‘CI¥
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Table 3 Dissolution methods and equations used in Ref. [96]

Dissolution model Method

Equation

Homogeneous reaction

Homogeneous reaction

Homogeneous reaction

Heterogeneous reaction

Integral method

Method of half-lives A

Method of initial rates

Shrinking core model
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Table 4 Kinetic model and parameters of a previous study on the dissolution of metakaolin in acidic solution
Dissolution model Equation Solution E./ (kJ-mol-L™") Dissolution order Reference
Nucleation equation Eq. (49) 1000 mL/153 g H,S04 29 1.00 [89]
Nucleation equation Eq. (49) 1000 mL/153 g HCI 25 1.00 [89]
Nucleation equation Eq. (49) 1000 mL/153 g HNO; 26 1.00 [89]
Nucleation equation Eq. (49) 1000 mL/40 g HCl 71 [90]
Shrinking core model: Chemical reaction control Eq. (32) 100mL/1 g HCl 79 [93]
Shrinking core model: Chemical reaction control Eq. (32) 100 mL/1 g H,S04 98 0.75 [94]
Different model Table 3 H,SOq4 96 0.90-1.00 [95]
Shrinking core model: Eq. (32)
HCI 91 1.00 [95-96]
Sphere and flat plate Eq. (55)
ST alternative cementitious binders[J]. Cem Concr Res, 2011, 41(12):
3 b
-H 1232-1243.
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