
Calcium hydroxide in hydrogen production 
Conversation with ChatGPT 

 
 
Question: 
Whats about use of calcium hydroxide in hydrogen production processes? 

ChatGPT reply: 

Calcium hydroxide (Ca(OH)₂), also known as slaked lime, is not a direct hydrogen-producing agent, but it 
can play supporting roles in various hydrogen production processes. Here are the key ways it’s used: 

1. CO₂ Absorption in Biomass or Methane Reforming Processes 

In hydrogen production via biomass gasification or steam methane reforming (SMR), CO₂ is a major 
byproduct. Calcium hydroxide is used to capture CO₂ through the following reaction: 

Ca(OH)2+CO2→CaCO3+H2OCa(OH)2+CO2→CaCO3+H2O  

Benefits: 

 Shifts equilibrium toward more hydrogen via the Le Chatelier principle. 
 Purifies the hydrogen stream. 
 Can be used in sorption-enhanced reforming systems. 

2. Water Splitting with Thermochemical Cycles 

Calcium hydroxide has been considered in thermochemical water splitting cycles, such as the Ca–Br 
(Calcium–Bromine) cycle, though these are still largely at the research or pilot scale. 

One example: 

 CaBr₂ is used in reactions that ultimately result in H₂ and O₂ formation. 
 Ca(OH)₂ can be an intermediate in regenerating other chemicals. 

3. Alkaline Medium for Electrolysis 

While KOH and NaOH are more common, Ca(OH)₂ can be used in low-cost alkaline water electrolysis 
setups as a basic electrolyte, although it is less conductive than KOH/NaOH due to lower solubility. 

4. Hydrogen Storage – Indirect Role 

Ca(OH)₂ is not a hydrogen storage material itself, but it can be used in systems where: 

 CaO reacts with H₂O to form Ca(OH)₂ (exothermic), 
 releasing heat that may support other endothermic hydrogen-releasing reactions. 

5. Environmental Use in Hydrogen Plants 

In hydrogen production plants, especially where gasification is used, Ca(OH)₂ can be used for flue gas 
scrubbing, removing: 

 CO₂ 
 SO₂ 
 HCl 



Summary Table 

Use Role Benefit 

CO₂ capture in 
reforming/gasification 

Sorbent Enhances H₂ yield, purifies gas 

Thermochemical cycles Reactant/Intermediate Part of advanced water-splitting 

Alkaline electrolysis Electrolyte (less common) Low-cost alternative to KOH/NaOH 

Hydrogen storage systems Thermal management (indirect) Supports reaction heat control 

Flue gas treatment Scrubber Reduces emissions in H₂ plants 

 
 
Question: 
 

Whats more about pp 3. "Alkaline Medium for Electrolysis"? 

ChatGPT reply: 

Certainly — let's go deeper into Point 3: Alkaline Medium for Electrolysis, specifically the use of calcium 
hydroxide (Ca(OH)₂) in alkaline water electrolysis for hydrogen production. 

 

What is Alkaline Water Electrolysis? 

Alkaline electrolysis is a well-established hydrogen production method where water is split into hydrogen and 
oxygen using an electrical current in the presence of an alkaline electrolyte. The overall reaction is: 

2H2O (l)→2H2(g)+O2(g)2H2O (l)→2H2(g)+O2(g)  
 

Standard Electrolytes 

 Traditionally uses KOH (potassium hydroxide) or NaOH (sodium hydroxide). 
 These provide high ionic conductivity and stability. 
  

Role of Ca(OH)₂ as an Electrolyte 

Why consider Ca(OH)₂? 

 Cheaper and safer than KOH and NaOH. 
 Non-corrosive and environmentally benign. 
 Readily available and easy to handle. 
 Can be renewed from lime (CaO) and water. 

⚡ How It Works 

In a typical alkaline electrolysis cell with Ca(OH)₂: 

Electrochemical Reactions: 

 Cathode (−): 



2H2O+2e−→H2+2OH−2H2O+2e−→H2+2OH−  

 Anode (+): 

4OH−→O2+2H2O+4e−4OH−→O2+2H2O+4e−  

 Overall: 

2H2O→2H2+O22H2O→2H2+O2  

⚠ Limitations of Ca(OH)₂ Electrolyte 

1. Low Solubility: 
o Ca(OH)₂ has a low solubility (~1.7 g/L at 20°C). 
o This limits the ionic conductivity of the electrolyte. 
o Results in lower current densities and reduced efficiency compared to KOH/NaOH. 

2. Scaling and Precipitation: 
o Can lead to formation of CaCO₃ (calcium carbonate) if exposed to atmospheric CO₂. 
o Causes blockages and reduced cell life. 

3. Limited industrial use: 
o Due to the above, Ca(OH)₂ is more of a low-cost alternative for experimental or small-scale 

systems, rather than commercial-scale hydrogen production. 

� Research Directions 

Despite its limitations, researchers are exploring: 

 Composite electrolytes: Combining Ca(OH)₂ with other hydroxides (like NaOH) to improve 
conductivity. 

 Electrode material optimization: Using catalysts and electrodes tailored for low-conductivity 
environments. 

 Closed-system designs: Preventing CO₂ ingress to avoid carbonate precipitation. 

✅ Summary:  

Aspect Pros Cons 

Cost Very low — 

Safety & handling Non-toxic, non-corrosive — 

Solubility Simple to prepare Low solubility limits conductivity 

Performance Usable in lab-scale or DIY setups Low efficiency 

Compatibility Easily regenerated from CaO + H₂O Reacts with CO₂, causes fouling 

 

If you're considering designing a low-cost or green hydrogen setup, Ca(OH)₂ may be suitable only if 
efficiency is not the top priority. For commercial-grade systems, KOH or newer anion-exchange membranes 
are better. 

 

 



Question: 

Perhaps you know about the use of calcium hydroxide in hydrogen production in 
conjunction with pressure or temperature cycling? 

ChatGPT reply: 

Yes — calcium hydroxide (Ca(OH)₂) is involved in hydrogen production systems that utilize pressure 
and/or temperature cycling, particularly in sorption-enhanced reactions and chemical looping approaches. 
These processes exploit the reversible reaction between calcium compounds and CO₂ or H₂O under 
different temperature and pressure conditions to enhance hydrogen yield or capture CO₂ efficiently. 

� Key Concept: Calcium Looping with Temperature/Pressure 
Cycling 

This typically involves the reversible reactions between: 

 Calcium oxide (CaO) and CO₂: 

CaO+CO2↔CaCO3CaO+CO2↔CaCO3  

 And/or CaO and H₂O: 

CaO+H2O↔Ca(OH)2+ΔHCaO+H2O↔Ca(OH)2+ΔH  

These reactions are used in temperature/pressure-swing processes for: 

1. Hydrogen production enhancement 
2. Thermochemical energy storage 
3. CO₂ removal to drive reaction equilibria 

� Example Systems Involving Ca(OH)₂ and Cycling 

1. Sorption-Enhanced Steam Methane Reforming (SE-SMR) 

In conventional steam methane reforming (SMR): 

CH4 + H2O →CO + 3H2  
CO+H2O→CO2+H2CO+H2O→CO2+H2  

If you add Ca(OH)₂ or CaO, you can capture the CO₂ as CaCO₃, shifting the equilibrium to produce more 
hydrogen. This works best with temperature cycling: 

 At ~600–700 °C: reforming + CO₂ capture (exothermic) 
 At ~850–900 °C: calcination (CaCO₃ → CaO + CO₂) regenerates sorbent 

Ca(OH)₂ can be regenerated in a hydration cycle: 

CaO+H2O→Ca(OH)2CaO+H2O→Ca(OH)2  

This hydration step is exothermic, useful for thermal management. 

 



2. Calcium Looping with Thermochemical Water Splitting 

Some hydrogen production cycles include: 

 Thermal cycling between CaO ↔ Ca(OH)₂ 
 At low temperature (~400 °C): CaO + H₂O → Ca(OH)₂ (releasing heat) 
 At high temperature (~500–600 °C): Ca(OH)₂ → CaO + H₂O (absorbing heat) 

In combined systems, this steam release can drive: 

 Gasification of biomass/coal 
 Reforming reactions to produce hydrogen 

Then the pressure and temperature are cycled to sustain the reactions. 

3. Hydrogen Production from Aluminum–Water Reactions Assisted by Ca(OH)₂ 

In some systems, aluminum reacts with water to produce hydrogen: 

2Al+6H2O→2Al(OH)3+3H22Al+6H2O→2Al(OH)3+3H2  

This reaction is sluggish due to a passive oxide layer. Adding Ca(OH)₂ can: 

 Increase pH 
 Help dissolve the oxide layer 
 Improve hydrogen yield 

Here, temperature and pressure cycling can regenerate or recycle components in a batch or semi-continuous 
system. 

4. Thermochemical Energy Storage + H₂ Systems 

In renewable-integrated systems, the Ca(OH)₂ ↔ CaO + H₂O cycle can be used for thermal energy storage. 
When integrated with a reformer or electrolyzer, the stored heat can: 

 Enhance hydrogen production during off-peak times 
 Allow decoupling of energy input and H₂ production 

This approach uses temperature cycling (charging/discharging) and sometimes steam pressure cycling. 

� Summary Table 

Process Role of Ca(OH)₂ Cycling Type Hydrogen Role 
Sorption-Enhanced 
Reforming 

CO₂ sorbent to shift 
equilibrium 

Temp cycling (500–
900°C) 

Boosts H₂ yield 

CaO–Ca(OH)₂ 
Thermochemical 
Cycle 

Heat storage via 
hydration/dehydration 

Temp swing (400–550°C) 
Drives steam or 
gasification reactions 

Al–H₂O reaction 
enhancer 

pH control and oxide 
disruption 

Temp/pressure cycling 
optional 

Improves H₂ generation 
rate 

Chemical looping 
with biomass or 
methane 

CO₂ capture, heat 
balance 

Temp/pressure swing Integrated H₂ production 



� Suggested Research Topics: 

 "Sorption-enhanced steam reforming with CaO-based CO₂ sorbents" 
 "Thermochemical water splitting using CaO–Ca(OH)₂ cycle" 
 "Thermal energy storage using Ca(OH)₂ for hydrogen systems" 
 "Calcium-based chemical looping for H₂ production" 

Question: 

About "2. Calcium Looping with Thermochemical Water Splitting": Why is thermal 
decomposition of calcium hydroxide used to produce water vapor instead of simply using water 
vapor produced by heating water? 

ChatGPT reply: 

Why use the thermal decomposition of calcium hydroxide (Ca(OH)₂ → CaO + H₂O) to produce water 
vapor, when we could just heat water directly to make steam? 

The answer lies in the thermochemical coupling of heat and chemical energy storage, process efficiency, 
and reactor design. Here's a detailed explanation: 

� Why Use Thermal Decomposition of Ca(OH)₂? 

The decomposition reaction: 

Ca(OH)2(s)→CaO(s)+H2O (g)ΔH≈+104 kJ/molCa(OH)2(s)→CaO(s)+H2O (g)ΔH≈+104 kJ/mol  

This reaction is endothermic and occurs at temperatures around 500–550°C under standard pressure. 

� The real advantage: It's not just about making steam — it's about storing and releasing 
thermal energy in a controlled and efficient way. 

� Key Advantages Over Simple Steam Generation 

1. Thermochemical Energy Storage (TCES) 

 Ca(OH)₂ stores energy chemically, not just as sensible or latent heat. 
 Decomposing Ca(OH)₂ to CaO + H₂O absorbs heat (charging). 
 Re-hydrating CaO + H₂O → Ca(OH)₂ releases heat (discharging). 

✅ Why that matters: 

 The system acts like a rechargeable thermal battery. 
 You can store solar or waste heat during the day and use it at night. 
 More compact and less lossy than large steam accumulators. 

2. Controlled Release of High-Temperature Steam 

 Steam generated by Ca(OH)₂ decomposition is: 
o High-purity 
o At a controlled rate 
o At a high temperature (up to ~500°C) 



 

✅ This is ideal for coupling to: 

 Thermochemical water-splitting reactors 
 Steam methane reformers 
 Solid oxide electrolyzers 

Using a steam drum (boiling water) requires external heating, which may: 

 Be less precise 
 Involve more thermal losses 
 Require pressurization to reach high temperatures 
  

3. Coupling with Other Reactions 

In multi-functional reactors, the H₂O released from Ca(OH)₂ can be directly used in hydrogen-generating 
reactions, such as: 

 Gasification of biomass/coal: 

C+H2O→CO+H2C+H2O→CO+H2  

 Water-gas shift: 

CO+H2O→CO2+H2CO+H2O→CO2+H2  

This integration allows better thermal and material coupling than using externally piped-in steam. 

 

4. Energy Density and Transportability 

 Ca(OH)₂ is a solid, easy to store and transport. 
 You can transport stored heat as material, not steam. 
 Safer and more compact than pressurized steam storage. 
  

5. Zero-Emission, Closed-Loop System 

 In a closed thermochemical loop: 
o Heat (e.g. from concentrated solar or waste heat) drives Ca(OH)₂ decomposition. 
o Released H₂O drives reactions or turbines. 
o CaO is stored until it’s hydrated again for re-use. 

This allows cyclical hydrogen production with renewable heat, without constant water boiling or 
fossil fuel use. 

 

 

 



Summary Table: Ca(OH)₂ Steam vs Heated Water Steam 

Aspect Ca(OH)₂ Decomposition Heated Water (Steam Drum) 

Heat storage Yes (chemical storage of heat) No (only sensible/latent heat) 

Steam purity High-purity H₂O vapor High, but may need water treatment 

Steam temperature 400–550°C (via decomposition) Limited unless under pressure 

Reaction coupling Integrates with reforming/gasification External integration needed 

Heat source flexibility 
Suited for solar or industrial waste 
heat 

Requires continuous heating 

Transportability Solid (safe to store and transport) 
Steam is hard to store or move long 
distances 

Thermal cycling 
durability 

Good (solid materials) 
Boiling systems face more mechanical 
stress 

 

� In Short: 

Using Ca(OH)₂ to release steam via thermal decomposition is not just about making water vapor — it's about 
storing and managing high-temperature thermal energy in a chemical form, which is more efficient, 
integrated, and scalable in many hydrogen production systems, especially those using intermittent renewable 
heat like solar. 

 


