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Presentation outline

1. Need for novel manufacturing processes in the cement industry

2. Introduction to biofuel-based combustion synthesis (BCS)

3. Numerical modeling of BCS pellets using COMSOL Multiphysics

4. Preliminary results and future work
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1. Current State of the Cement Industry

Cement manufacturing
is @ major source of
global CO, emissions

and also generates the
most emissions per

revenue dollar.
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1. Current State of the Cement Industry
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Direct CO, emissions (Mt CO,/yr)
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The projected cement demand is only increasing

globally!

Urgent need to shift to better manufacturing

Processes.

Year

Decarbonization pathway set out in IEA roadmaps

(Volaity et al., 2025)
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Novel manufacturing method targeting the levers

mentioned in IEA roadmaps: Biofuel-based

Combustion Synthesis (BCS)
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2. Biofuel-based Combustion Synthesis

* Combustion synthesis (CS), also (a) SHS 2‘;?‘-“‘5?“;1

AN e
o BT & T

Self-propagating High- [ Solid J Combustion
reactant

temperature Synthesis (SHS) Jlicelire pror)/(j;stion
e CS/SHS: Utilizes heat from an Ul

exothermic combustion reaction ® V&S
to initiate a synthesis reaction. L
Solid heater
. . r tant
« Use of biofuel for combustion: B
Biofuel-based Combustion initial :
Synthesis (BCS) Volume reaction Product
Schematic representation of SHS and volumetric -
combustion synthesis (VCS)
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2. BCS and Decarbonization Pathways

BCS enables low-temperature synthesis of cement and its

precursors _
] o Improving
* Limestone calcination at 450 °C as opposed to ~800-900 °C
. energy
conventionally o
efficiency

* Belite cement synthesis at 700 °C as opposed to ~1200-

1300 °C conventionally
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2. BCS and Decarbonization Pathways

Use of biofuels such as lignin and biomass instead of

Fuel Switching

conventionally used coal and petroleum products.

Innovative

Synthesis and use of belite cement instead of OPC.

Technologies
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7.

2. BCS Experimental Setup

Limestone & silica at 3:1 ratio + biofuel
mixed and pelletized (R:12.7mm H:15mm).
Initial treatment in oven at 50 °C for 12 hrs.
to remove water.

Pellet introduced to furnace set at 700 °C.
Air flow enabled to assist combustion.
Surface temperature measured using
infrared camera.

Biofuel combustion enables belite formation.
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2. BCS Experiment Results
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2. BCS Experiment Results

Maximum surface temperature and belite content by mass for different pellet cases
(Agrawal et al., 2025)
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3. Need for Numerical Simulations

* Experiments only reveal the surface temperature.
Internal temperatures can be higher = high temperature applications (OPC)
* To accelerate process optimization.
* To provide mechanistic insights into the process
* Experiments can give outcomes = simulations can explain why those outcome
happen.
* Track feedback loops, how one experimental factor alters the effect of another factor,

etc.

Advancement over prior SHS/CS modeling in literature.
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3. Multiphysics Model: Geometry
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3. Multiphysics Model: Physics

Multiphysics Coupling

* Heat transfer equation used to solve for the temperature field.
* Fluid flow to solve for velocity and pressure fields
* Navier-Stokes equation for the fluids in furnace domain.

* Brinkman equations for the fluids in the pellet domain.

* Mass transport equation used to solve for the fluid species concentrations.

 Domain ODEs defined for reaction kinetics and solid species densities. -
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3. Multiphysics Model: Physics

Domain ODEs — Reaction Kinetics

1. Biofuel combustion a: degree of reaction
—Eq . .
CHy1.440066 + 1.03 05 > CO, + 0.72 H,0 —dczl — A;eRT (1—ay) First order A: Pre-exponential factor
E: Activation energy

2. Limestone calcination

A
CaC0; - CaO + CO, % = A,eRT RT l2(1 az)Z] Contracting geometry
3. Belite synthesis
2
. A . da3 —E3 3(1 — a1)§ . .
Ca0 + Si0,— 2Ca0. (5i0,) —; = AserT | Diffusion controlled i
(1 -(1- “1)§)
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3. Multiphysics Model: Physics

Model Inputs

1. Heat from reactions
dai
Qior = Z —AHiPi,oW

2. Species source due to reactions, CO, for example,

—1 dpsg N —1 dp;s
M t

Sw,co =<
PR\ My, co, dt w,co, d

3. Porosity of the pellet,

_ ( PLc ) ( PLs ) ( PLI ) (
€, =1- — —|—)-
pLG,true pLS,true pLI,true
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p: density, AH:
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M, co,: molecular
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silica
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4. Preliminary Results

Temperature Profiles
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4. Preliminary Results

Degree of Reaction Progression
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4. Preliminary Results

Solid Species Mass Evolution
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4. Preliminary Results

Comparison with Experiments
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4. Conclusions and Future Work

* Preliminary results from simulations correlate well with experiments.

* Future work
e Studying more pellet cases to reveal more mechanistic interpretations.
* Characterizing the thermal wave propagation properties.
* Extending the modeling framework for high-temperature applications such as OPC

synthesis.
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Thank you!

Questions and comments?

svolaity@asu.edu
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