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Abstract— For IMPEX block which is the core of STELF technology, effects of its principal variables
such as residual porosity, apparent density and graphite ratio on the block were investigated to obtain
necessary design data for STELF reactors. For several representative salts, the values of the variables
were calculated to give the minimum block volume without causing heat and mass transfer problems.
And the maximum cold and neat energy densities of each salts were computed for conductivities of
mixtures. The calculated results showed that SrCl,-8/1 NH; was the optimal salt for a 6 kW cold production
and 8 hours storage capacity reactor.
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Fig. 1. Basic system of STELF process.
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Table 1. Various properties of reacting salts.
Salt AH° AS° Cpeat M o Vi Va

(J/mol) (J/mol-K) (J/mol-k) (g/mol) 10 *m%/mol) (10~ °m%/mol)
BaCl,-8/0 NH;, 37,655 227.25 75.10 208.27 0 8 95.6 214.5
CaCl-8/4 NH;3 41,013 230.30 75.52 111.71 4 8 124.7 207.1
SrCl-8/1 NH; 41,413 228.80 75.53 158.63 1 8 57.2 2227
CaCl;-4/2 NH,3 42,268 22992 158.63 111.71 2 4 102.2 127.7
MnCl,-6/2 NH; 47,416 228.07 72.52 125.84 2 6 79.5 159.6
NiCl,-6/2 NH; 59,217 227.75 72.86 129.60 2 6 874 150.9

OHAX|BE H3H M1E 199443 63



s dg =g IMPEX E38E] 4o g A+ 47

Fig. 3. Impregnation chamber for the compressed ex-
panded-graphite block.
1. Leakproof lid

2, Cylinder

3. Leakproof chamber

5. Liquid product
6. Opening connected
to a vacuum source.
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Fig. 4. Relation between apparent density and graphite
ratio for various residual porosities of IMPEX block
of BaCIIz-S/O NH3
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Fig. 5. Relation between apparent density and graphite
ratio for various residual porosities of IMPEX block
of CaClL-8/4 NH,.

1.0 J T /.3/ T '//l/v
] - —7
0.8 1— v/ V//V/ Py
S
. / e '//;/"/
,g 0.6 hd v//o/{ 4
Ry
% 0.4k /./ Porosity
g V/O/ o 0.5
@ '/Z/ . 0.6
o2t 1 S
© a : 0.9
00 et b
0 100 200 300 400 500

a
Apparent density [kg/m"]

Fig. 6. Relation between apparent density and graphite
ratio for various residual porosities of IMPEX block
of SrCl,-8/1 NH;.
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with mixture conductivity for IMPEX block of BaCl,
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Fig. 11. Variations of energy density and graphite ratio
with mixture conductivity for IMPEX block of CaCl,
-8/4 NH;.
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Table 2. Conditions for cold production.

Power of evaporator, Qe.p 6.0 kW
Storage capacity, Tsorage 8.0 hrs
Conversion difference, AX 08
Low temperature, T, 10.0T
Heat sink temperature, T, 35.0C
Equilibrium temperature drop of .
NID 50¢C
evaporator, AT
Low operating pressure, P, 5.1 bar
High operating pressure, P, 15.9 bar
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Fig. 16. Effect of apparent density on IMPEX block
volume for different reacting salts.
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Table 3. IMPEX block specifications of each salts for 6 kW cold production and 8 hours storage capacity.

Salt BaClz-8/0 NH:{ Ca':lz-8/4 NH') SrClz—B/l NH:{ CaClg-4/2 NH:; MI‘ICIQ-G/Z NH:{ Nlclz—6/2 NH:;
A ent density,
pparen C?SI y 80.00 50.00 60.00 80.00 70.00 80.00
Po (kg/m‘)
Res‘dz"”( po)ms“y' 050 0.50 0.50 050 0.50 050
o 1 t 3
Gr‘*‘:l“te_;a 10 0.15 0.16 0.15 0.17 0.16 0.17
ss of salt,
Mass of sa 240.66 258.17 209.49 516.34 290.82 299.51
Mgt (kg)
Mass of graphite, 49,69 50.09 3798 101.70 55.70 60.07
Myraphite (kg)
Volume of/ block, 053 1.00 0.62 1.27 0.79 0.75
V (m?
Heat exchange area, 875 833 5.50 6.45 3.87 2.70
Sexctr (m?)
Heat source
temperature, 85.01 125.15 141.39 149.16 251.46 461.65
"y (C)
Equilibrium
temperature drop 11.19 30.81 38.42 42.29 91.09 191.80
of reactor,
AT (C)
Power of reactor,
9.67 10.53 10.63 10.85 12.18 15.21
Qi (kW)
Energy density,
- ) 323.80 172.50 278.11 219.97 219.67 230.13
de (MJ/m®)
ldeal COP, .
COP, (~) 062 07 0% " o e
Theoretical COP,
] , 041 . 028 .
COP, (—) 01 07 o "
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COP; : ideal COP [—]
COP, : theoretical COP [—]
COA;  :ideal COA [—]
COA,  theoretical COA [—]
Coms ! heat capacity of NH; [J/(mol K)]
Cosar : heat capacity of salt [J/(mol K)]

laded . heat capacity of loaded salt [J/(mol K)]
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: heat capacity of unloaded salt ¢J/(mol K)]
> energy density of block [J/m®]

. enthalpy change of standard state [J/mol]
. enthalpy change of solid-gas state {J/mol]
. enthalpy change of liquid-gas state [J/mol]
. molecular weight of salt [kg/mol]

. stoichiometric coefficient for unloaded salt

[mol]

> mass of salt [kg]
* mass of graphite [kg]
. stoichiometric coefficient for loaded salt

[mol]

> moles of NHj for cycle [mol]

. low operating pressure [N/m?*]

> high operating pressure [N/m?]

. power of condenser [kW]

. power of reactor at decomposition step

[kW]

: power of evaporator [kW]

. power of reactor [kW]

. power of reactor at synthesis step [kW]
> gas constant, 8.314 [J/(mol K)]

. heat exchange area of reactor [m?]

. entropy change of standard state [J/(mol

K)]

. temperature [K]
: low temperature for cold production [K]
. heat sink temperature or middle tempera-

ture for heat production [K]

: heat source temperature [K]
: equilibrium temperature drop [K]
. equilibrium temperature drop of evapora-

tor-condenser [K]

. equilibrium temperature drop of reactor

(K]

. storage capacity [sec]

> overall heat transfer coefficient [W/(m? K)]
. volume of block [m*]

> molar volume of unloaded salt {m*/mol]
: molar volume of loaded salt [ m®/mol]

. conversion difference [ —]

=Xt

. residual porosity [ —]

: conductivity of mixture [W/(m K)]
. stoichiometric coefficient [mol]
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Py . apparent density of block [kg/m®]
Pb : apparent density of block [kg/m?*]
Deagnive - graphite density [kg/m?]
) : graphite ratio [ —]
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