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1. Developed and tested several 3 part composite materials; 

Å ZMK – Zeolite+MgSO4+KU20 

Å 200g dehydration/ hydration cycle tests 

Å Flow rate testing and humidity tests 

2. 13x+MgSO4 composite materials 

Å Novel preparation method  

Å Wetness impregnation method 

Å 4.4, 7.3, 9.2 and 12.9wt% 

3. Paper wrote: άCŜŀǎƛōƛƭƛǘȅ ǎǘǳŘȅ ƻƴ aƎ{h4 + Zeolite based composite thermochemical 

energy stores integrated with vacuum flat plate solar thermal collectors for seasonal 

ǘƘŜǊƳŀƭ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜέ 

4. Implemented  2014 MET data into feasibility study  

 

 

 

Introduction 



Å Development of a Thermochemical Energy Storage (TCES) material for 

domestic interseasonal heat storage. 

Å Charge in summer, Discharge in winter. 

Å Requirements; 

Å Dehydrate (charge) below 150̊ C, High energy density (target 

277kWh/m3), Safe materials, Competitive kWh price (i.e. <10p/kWh). 

Å MgSO4.7H2O = Great potential for domestic inter-seasonal heat storage. 

Cost effective (£61/Ton), Widely available, High theoretical energy 
density 2.8GJ/m3  (778kWh/m 3), Non-Toxic. 

Problems – Material difficult to work with in powder form, agglomeration  
occurs reducing cycle stability, permeability and power output. 

Å Solution? – Develop a composite material to enhance the poor 
characteristics of MgSO4 and extract as much energy as possible while 
meeting the above targets. 
 
 

Introduction 



1. Evaluate the potential of 2 host absorbents for their thermal energy storage potential 

2. Creation of composite materials 

Å Use 2 different impregnation methods to assess the impact the preparation 

method has. 

Å Create composite materials with varying wt% of MgSO4  impregnation 

3. Evaluate the energy storage potential of each composite sample 

Å Hydrate each composite sample ready for thermal analysis dehydration (~10mg) 

Å Dehydrate hydrated samples to assess the thermal energy storage potential of 

each composite material (~10mg) 

Å Also, 200g dehydration and hydration cycle testing 

 

Å Each sample hydrated at 56%RH @ 20ȍ# (1.3kPa pH2O) – Believed to be an achievable 

pH2O in winter times. 

Å All samples dehydrated to 150˚C at 5˚C/min with 60min isotherm at 150˚C 

 

Experimental Approach – 13x Potential 



Host Absorbent Materials used 

Å For this experiment two absorbents were tested 

Å Zeolite -Y (Surface area = 925m2/g)  

Å 13x molecular sieve (AKA Zeolite) 

Å Both are absorbent materials with uniform “cage like” 3D alumina silicate 

crystal structures. 

Å Could potentially be used themselves to store heat. 

Å The structure has uniformed pores.  

Å Potentially ideal for MgSO4 impregnation. 

 



Preparation Methodology 

Å Two preparation methods were used to create the composites  
 
Novel preparation method, 

developed in lab  
 

Commercially produced pellets ɀ 
used for the common wetness 

impregnation method 
 

Wetness impregnation  

Å Aqueous solution of MgSO4
  mixed with dehydrated (activated at 150̊ C)  13x 

pellets.  

Å Dehydrated again at 150̊ C to remove excess water – leaving behind MgSO4 
 



Absorbent Thermal Analysis Results 
Å Dehydration results of the absorbents after 56%RH @ 20̊C 

hydration 

Å DSC results below  show energy storage potential 

 



13x Samples Comparison 

Å Graph showing mass loss %, DSC dehydration enthalpy and predicted 

DSC dehydration enthalpy of each 13x sample (created using wetness 

impregnation) tested. 

Å Decreasing dehydration enthalpy with increasing MgSO4 wt% 

Å Suggests Lack of MgSO4 hydration within 13x material  
 



Missing MgSO4 Hydration 

Å Graph shows DSC dehydration plots for each sample tested. 

Å All 13x sample’s show no MgSO4 dehydration peak. 

Å Zeolite (ZMK) sample exhibits MgSO4 dehydration peak 



ÅZMK = Zeolite+MgSO4+KU20. Tested in 4mm pellets. 

Å56%RH @ 20̊ C hydration 

ÅAppears to be a maximum hydration rate at ~10L/min 

ÅPeak power output is ~4.25W. 

ÅDelta T of 20˚C = ~4.25W 

 

 

 

 

 

 

 

 
 

 

ZMK – 200g Tests – Flow Rate Tests 



ÅZMK = Zeolite+MgSO4+KU20. Tested in 4mm pellets. 

ÅAppears to be a maximum hydration rate at ~10L/min 

ÅUp to 10L/min power increases + overall energy increase 

 

 

 

 

 

 

 

 

 
 

 

ZMK – 200g Tests – Flow Rate Tests 



Å13x Pellets have a much more stable Delta T – Likely to be able to 
achieve higher delta T from 13x pellets  with increased flow rate 

ÅMgSO4 samples have sharp peak and fast decline 

 

 

 

 

 

 

 
 

 

200g Tests – RH% Changes 



ÅLimited energy increase from 13x pellets 

ÅSignificant energy increase from ZMK – MgSO4 higher hydration 
level? 

200g Tests – RH% Changes 



Å13x Pellets show 0 scaling losses.  

Å13x+MgSO4 samples show losses from theory-DSC (due to no MgSO4 
hydration)  

ÅZMK shows 0 losses from Theory – DSC 

ÅNovel prep method results in more losses than Wetness impregnation 

 

 

 

 

 

 

 
 

 

200g Tests vs. DSC Tests Summary 



ÅTwo different absorbent (Zeolite-Y and 13x) exhibit similar dehydration 

properties through thermal dehydration analysis - Both could be used for heat 

storage 

ÅTwo preparation methods were used to create 13x + MgSO4 composites  

Å13x material does not appear to be a good host for the MgSO4  

ÅNo MgSO4 Hydration - Due to small pore size? (ZeoliteY= Experimental 

5x10-9) (13x material = theory 1x10-9)  

ÅZeolite-Y appears to work well – but is not cost effective 

ÅZMK appears to have a peak flow rate of 10L/min – best power and energy 

output 

ÅZMK significant energy increase (43%) with 56-68%RH 

ÅNovel Prep method results in more scaling losses than Wetness impregnation 

method 

 
 

Summary 



Future Work 

ÅVapour sorption tests on 13x samples – assess pore size 
reduction of 13x + MgSO4 samples – confirm this is reason for 
losses 

ÅFinish 13x preparation paper 

ÅIon exchange 13x pellets + MgSO4 impregnation to increase 
initial pore size. 

ÅSelect new absorbent for a host material for the MgSO4 



Thank You! 
 

Questions? 


