Carbon Capture and Recycling Reactor: Converting CO.
into Synthetic Methane through Thermocatalysis
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Introduction

Carbon dioxide emissions create a
strong need for processes that convert
captured CO, into valuable products.
This project investigates CO,
methanation through the Sabatier
reaction to produce  synthetic
methane using hydrogen and a
Ni/A,O, catalyst. A complete reactor
prototype was developed In Aspen
HYSYS to evaluate process
performance in terms of CO,
conversion, methane purity, pressure
drop, and energy consistency under
safe and realistic operating
conditions.

Problem Statement

The safe and efficient conversion of
captured CO, into synthetic methane
IS limited by the challenges of high-
temperature reaction conditions,
hydrogen handling, and process-
performance verification, creating a
need for a validated reactor system
that can reliably evaluate conversion,
methane purity, pressure drop, and
energy consistency.
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. PERFORMANCE

Deliverables

e CO, feed composition and flow rate

e H, feed composition and flow rate

* Operating temperature and pressure
 Catalyst (Ni/Al,O;) and reactor assumptions
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e Complete process flowsheet in Aspen HYSYS

. PROCESS ¢ Feed mixing and compression
MODEL / HYSYS  Preheating and temperature control
PROTOTYPE ¢ PFR methanation reactor model

e Cooling (PID-controlled) and gas-liquid separation
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e CO, conversion
e CH, purity in product
e Reactor pressure drop
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EVALUATION e Heat duty / energy requirement
+ Key stream conditions and compositions
“J
INTEGRATED . ::; (gve;a;: mass snci carbc(mlt())ao/lanc? i!os;lre (+5%)
° : Feed flow robustness (+10% variation
VERIFICATION e 1S3: Energy closure (x5%)
¢ Validated methanation reactor model
. FINAL o \Verified process performance (conversion, purity, pressure drop)
DELIVERABLES e Verified mass, carbon, and energy consistency
e Basis for design and future optimization
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Results

Under the  selected operating
conditions of 400 °C and 4.95 bar, the
developed methanation prototype
achieved a CO, conversion of 73.56%
and a CH, carbon-basis purity of
73.58%, with an energy closure error
of 0.0125%, a reactor pressure drop of
5.0 kPa, and a reactor heat flow of

2,521 kl/h.
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CO:2 Conversion vs Temperature
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Testing / Validation

* Aspen HYSYS
convergence verified

* CO, conversion and CH, purity
validated

* Pressure-drop and
checks completed

* Mass and carbon balance closure
verified

* Energy-closure analysis completed

e +10% feed-flow sensitivity
evaluated

prototype

heat-flow

Constraints and Specifications

CHE — Chemical Engineering
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Reaction: Sabatier — C0O: + 4H: — CHs + 2H:0

)
M

Ced

Catalyst: NIVALO: pellets, 50-250 g, d; = 2 mm
Operating: T = 250450 °C | P =110 bar | AF = 46 kPFa
CO: Conversion: 60-50%

CH: Purity: 65-852% (carbon basis, dry)

— Mechanical Engineering
C4 Insulator Surface: Outer ceramic T = &0 °C

.53  Energy Efficiency: =62% of input energy as CHas heat value

Heat Duty: 400-500 KJ/h

|ISE — Industrial & Systems Engineering

= AHP Consistency: CR = 0.1

Demand Forecast: Gas consumption via time-series (Zero stockout)

Scenario Selection: Max weighted score — CO: conv. (0.70), utility cost
(0.12), env. impact {0.13)

Integrated Specifications

Balance Closure: IMass = 0.5% & carbon = 0.5% (Aspen HYSYS + Excel
verified)

Energy Closure: Error = 5% — (Qneater + Weomp — Qeooler) = &Hprocess

I cConstraint [ Specification (darker = constraint, lighter = specification)

Conclusion

A compact carbon capture and recycling
reactor was designed to convert CO,
Into synthetic methane under controlled
conditions. The system provides a
strong basis for future optimization and
prototype development.
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