This document details the derivation of equation 11 in detail for clarity of how this came about. Some of the content is cut and paste from the paper, with addition steps in the algebra involved to achieve the final equation.
Full equation derivations
		(a) 							(b)
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[bookmark: _Ref82077910]Figure 11: Unit cell masses at time t (a) and time t + dt (b)
The unit cell is small enough to be used in a finite difference program that assumes it is all at the same temperature and pressure. The unit cell volume is fixed but can be any geometry: cylindrical, rectangular, etc. The ENG and the un-ammoniated salt are characterised by their mass, density and specific heat and the whole volume has a fixed conductivity, nominally that of the ENG matrix. There are also masses of adsorbate types A, B, C (e.g. .8NH3, .4NH3 and .2NH3) which have their own densities and specific heats, assumed at the moment to be those of solid ammonia as observed by Hirata and Fujioka (Hirata and Fujioka, 2003). Considering desorption between time t and t + dt, a small mass of type A,  reacts, some being converted to  and the remainder becoming gas , which leaves the control volume. Some of type B reacts to form type C plus some expelled gas in similar fashion. There is also a gas void volume within the control volume, being the ENG pore volume not occupied by salt (fixed), or adsorbate (variable). Changes in pressure and temperature will affect , the mass of gas in the void volume, as well as any portion of it leaving the volume, - . 
The first law for the unsteady control volume in desorption is
	
	(1)


where  is the total heat entering the control volume in time dt.
The terms are either changes in internal energy  of the different masses of ENG, salt, adsorbate and gas within the control volume, or the enthalpy of the masses of gas entering or leaving the control volume. The  term is the thermal mass (J/K) of the ENG plus the salt, whether accessible to the reaction or not. In desorption,  is positive and the enthalpy of the outlet streams  is that for the control volume temperature. In adsorption,  is negative and  is for the temperature of the incoming gas, which in an LTJ experiment is the expansion vessel temperature .
The terms can be considered separately: that associated with type A and conversion to/from B and the gas entering or leaving, that associated with type B and conversion to/from C and the gas entering or leaving, the sensible heating of C, and the sensible heating of the salt and ENG.


First considering type A:
	
	(2)


[bookmark: _Hlk67585234]where subscripts  and  indicates non-reacting and reacting; and subscripts  and  indicate product (time t+dt) and reactant (time t).  is the enthalpy of reaction per unit mass.
Given that:
		The only change in is due to the AB reaction.
	Change from .A mols to .B mols
	Specific volume of all ammoniate assumed equal to that of solid NH3.

Then:
	
	(3)


The first term on the right-hand side of the equation is sensible heating of adsorbate A, the second is the reaction enthalpy term. The third term is the work associated with shrinkage or expansion; the term is quite small although the expansion of adsorbate can be considerable. Keeping account of the changing volume of solid within the control volume is important since expansion of the solid reduces the gas space available and expels gas from the control volume. The flow work done by gas expelled from the control volume is accounted for by . It is preferred to keep small terms for completeness since they do not slow the numerical solution significantly.
A similar argument applies to the terms in eq. (1) relating to conversion between forms B and C:
	
	(4)


	
The remaining terms in eq. (1) are:
	
	(5)


Sensible heat only; there is no C to D reaction considered.
And for the gas void volume:
	
	(6)


The first term is the change in internal energy and the second is the positive work done in expansion.
Now if all the separate terms are substituted into eq. (1) we obtain:
	



	(7)


The first line is sensible heating/cooling of ENG, salt and adsorbate, the second is reaction and expansion work in AB, the third is reaction and expansion work in BC, and the fourth is sensible heating and expansion of the gas.
MORE COMPLETE DERIVATION THAN PRESENTED IN PAPER, REQUIRED TO CALCULATE  TO SUBSTITUTE IN (7):
Note that   is expelled from the control volume due to expansion of the gas. The desorbed masses of gas and are also expelled, but dealt with separately.
The mass of gas within the control volume at time t equals the mass in the control volume at t+dt plus the mass expelled ()shown in the top right of Fig. 11(b), i.e. :


where  is the volume of the expelled gas



(8)
In (7) we want the term 

Insert into eq. (7):






	
	(9)


For the purposes of simulating the process in a program, this is rearranged to solve for :
	
	(10)    


The analysis is slightly different in adsorption when gas entering the control volume (generally in an LTJ test) can cool it.
The equation for  becomes:
	

	(11)    


The final terms in both numerator and denominator account for the sensible heating or cooling of gas entering the control volume at temperature .
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