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OPC hydration - a review
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Tyne I/11 OPG + limestone
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At 90 days of hydration
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* Ettringite and hemi/monocarbonate form instead of monosulfate
e Similar C-S-H content; less CH; similar pH Bharadwai et al. 2021



Reacted phases vs. limestone % o e
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e OPC started to include some
limestone (2-3%) around 2004

* Alower porosity (higher strength)
IS observed due to ettringite and
hemi/monocarbonate phases

« PLC is typically finer than OPC,
which allows comparable
strength to OPC
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PLG + reactive silica vs. alumina
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PLG + reactive silica vs. alumina
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The role of reactive alumina (B oreqon stateniversy
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The role of reactive alumina (B oreqon stateniversy
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PLG + SCM
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Optimization of PLC+SCM mixtures

Thermodynamic modeling framework to predict
mixture properties

—
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Glosser et al. (2021)
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Chemical shrinkage
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Concrete Performance
Measures

* Compressive Strength

* Formation Factor

* CH Content (CaOxy
resistance)

* Time to critical
saturation (freeze-thaw
life)

* pH of pore solution
(ASR)

Bharadwaj et al. (2019, 2021)

We can use this framework to predict
the performance of concrete...
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Optimization of PLC+SCM mixtures

Step 1 - Characterize materials:

Component

CaOo

CaCo
Specific Gravity
(unitless)

Blaine Fineness

(m?/kg)
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20.30
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63.50
0.51
0.80
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13.00
3.09

405

N/A
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14.60
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3.80
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Optimization of PLC+SCM mixtures
BAE

Step 2 - Define the performance criteria:

Strength (56-day)

5000 psi (34 MPa) (min)

4225 psi (29 MPa) (min)

4000 psi (27 MPa) (min)

F Factor (56-day) 375 (min) 270 (min) 200 (min)
CH (56-day) 20g/100g binder (max) 20g/100g binder (max) N/A
pH (56-day) 12.8 (min) N/A 13.6 (max)

Time to Critical Sat 30 years (min) 30 years (min) N/A




Optimization of PLC+SCM mixtures
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Step 3 — Predict mixture properties satisfying performance:

Ash 3 - 6% Air - 25% Paste
< ‘ ‘Strength (MPa)‘

301
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N
(9]
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pH (56-day) N/A 10 <5
Time to Critical Sat 30 years (min) 5-
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Optimization of PLC+SCM mixtures
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Step 3 — Predict mixture properties satisfying performance:
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Optimization of PLC+SCM mixtures
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Step 3 — Predict mixture properties satisfying performance:

Ash 3 - 6% Air - 25% Paste
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Optimization of PLC+SCM mixtures

Step 4 - Find the feasible space:

Oregon State University

College of Engineering

5G4 Ash 3 - 6% Air - 25% P?]ste
~ Strength (MPa) \
45 - H@YF pop
40P | Ca(OH), (&/100g,.., )| |
7 . Citeg O19)
35ty g ~|Feasible Space
N ‘ @ Se\lected w/b, Repl.\

Replacement (%)
o 8]
[e=) (9

CH<20g/
15 _ 'S -
\-100g hinder
10 3
5
0 - \ X b S ’ == - N
0.3 0.4 0.45 0.5 0.55




Optimization of PLC+SCM mixtures

Step 5 — Optimize for CO, footprint and/or cost:
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 PLC produces concrete with similar chemical composition to OPC concrete

« Ettringite and hemi/monocarbonate form instead of monosulfate, as a result porosity
typically decreases

 PLC is typically finer than OPC, which allows comparable strength to OPC
« Limestone in PLC has synergetic reactions with reactive alumina from SCMs

« Mixtures with limestone contents higher than 15% could give similar properties as
PLC when SCMs with highly reactive alumina are used (e.g., some calcined clays,
etc.)

* Proportioning PLC+SCM mixtures for a defined performance criteria is possible
through the developed framework

» This framework also allows optimization for CO, footprint and/or cost
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