Structure formation in alkali-activated binders
for development of sustainable construction materials
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Reducing cement-related CO, emissions Question: How is gelation related to chemical composition?

Metakaolin Geopolymer Binder N-A-S-H gel

Global CO, Emissions by Source

Aluminosilicate Chemistry Hypothesis:

P 0 * There exists a critical

| concentration of aluminum
. A O—Si— O — Si- .
necessary for percolation

o
Na O 3.0A Assumptions
| ’ — e N-A-S-H gel formation mechanism is the

: : same as in the binder (after dissolution,
Chemical Perspective reaction below)

Extent of reaction can be simulated with
addition of limiting reactant, aluminum
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Chemical composition is a tetrahedral
network of silica and aluminum
Understanding the chemical
composition is necessary for building a
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Cement production contributes a significant amount to Reaction product, fractal particle network The binder ‘gel’ can be synthesized N-A-S-H gel advantages \e P
CO, emissions (2B tons/ 6% of all emissions) bridging reactive surfaces without the clay precursor (a model system) >
Geopolymers eliminate the two main sources of cement Metakaolin tends to have a less variable Stoichiometric composition is relatively * No diffusion kinetics & N
related CO, emissions (by-product from calcining and kiln composition than aluminosilicates like slag unknown, material is heterogeneous and * No large grain particles
fuel combustion) and fly ash amorphous (dominate/confound scattering)
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A step-growth polymerization with f=4 (functionality)

Chart adapted from ‘Our World in Data’
T.A.Boden, G. Marland, and R.J. Andres. 2017. Global, Regional, and National Fossil-Fuel CO2 Emissions.

Gel Transition as a Function of Aluminum Concentration Conclusions

8 . < g o o Polymer gel point: Polymer physics predicts a concentration of
Percolation Rheological Characterization Structure and Fractal Dimension ymer get pc ymer physics predi , |
0.24 moles aluminum relative to 2 moles silica which agrees with
10 e : 225 _ ) 1000 nm 100 nm 10 nm 'ni[t)ial NZ;?-S-;\" ge:,ofgl<0-25 rheological gel percolation
] —~ 4o Viscosity (n) : Modulus (E') ] 10 ] — > ' 1 na n” 22 1R, m Two gel phases: Scaling of storage modulus suggests formation of
. . . & T ’ 1 | ] (D) 82 two distinct gel phases based on aluminum concentration with a
©) TR S ST IPOR . g - i u - E 5 ' transition at n,, = 0.4
= N o ¢ & 0 ) 10 - 5 EIIE i 10° ® 03 Al
S Ji* aaii.. « § B - IR G- 3 ] Y 8-; Mass Fractal Dimension: Transitions between 2.0 (DLA) and 2.5
— ° o o a | 3 1 ! TTe- < ] ] : . el .
E o I "] y T " e 1 1 € 075 (RLCA) between the initial and saturated gel phases; cluster size
S S o 0 . G i » 1 R,) i ith alumi
= CA ¢) increases with aluminum
. J q gl 3 og o, 0 . . .
oorl[F 02 o 02 S o1 I' H € 9 Inhibition of network growth: NMR indicates a saturation of
5 325 . 3? . ?’33 ~ ] 1 S 1 slope~D, 3 tetrahedral Al at n,, = 0.4 consistent with transitions in modulus
e ————————————— = - = - 17 5 . : : .
oo o 1 " , 001 f - = Gxn,® 10191 ] scaling and fractal dimension regimes
Angular frequency, o (rad/s) eEl ---= Glocny 2 1 : Future work: constant pH experiments could show whether pH
00014 A A& A4 Oty M tyo, W1, i] 3 is inhibiting the reaction
Qualitatively, samples with Al>0.25 exhibit G’>G” 00 02 o4  os  os 10 107 = A Quantifying the relationship between chemistry, structure,
’ ’ . ) . . -4 -3 -2 -1 ° ° ° ° °
n 10 10 10 10 and physical properties of N-A-S-H gel formation will guide
1 .
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