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Abstract— The chemical heat pump using the reversible reactions of NH; and metal chlorides is being expected to wide
applications like the alternative refrigeration and cooling system and effective energy managements. The distinguishing
characteristics of this system is utililization of the expanded graphite as a support in the chemical reactor to overcome the
deactivation of reaction and improve the heat and mass transfer of reactive medium. In contrast with ordinary reaction block of
uniform properties such as apparent density and ratio of expanded graphite, the non-uniform reaction block was designated to
increase the apparent density with radial direction, which is able to improve heat transfer properties and solve the troubles
which the permeability of ammonia gas get worse while increasing heat transfer. Based on the experimental results, the rate of
reaction of the non-uniform block is progressed rapidly and has larger thermal conductivity in the heat transfer zone than the
uniform blocks. Additionally the non-uniform blocks are proved to have betterment of reactivity for the decompositive reaction.
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Table 1. Classification of chemical heat pumps[11]

Working fluid Reactive materials

Type Heat (refrigerants)  (mediums)
Liquid Hydration/ H.O - LiBr LiCl Ca(Cl,
absorption  Condensation - H,SO, NaOH
NH, H,0
Halogenated NMP DTG
alcohol chinoline
Clathrate CFC11, H0
formation CFC12,
Amines
Solid Adsorption H,0, NH,, - Zeolite,
adsorption Alcohol Activated carbon,
- Silica gel
Chemical Hydration H,O - Ca0 CaSO,
reaction - Na,S MgCl, Na,B,0,

- Rare Earth-Ni alloy

- Ti/Fe, Zi/V alloy

- Metal halides
(MnCl, etc.)

- NaX NH,X
(X=Cl, 1, Br, NO,, SCN)

- Solid amines
(Kerosine, n-Heptanol)

- HgCl, MgCl, CaCl,

- CaSO, MnCl, CuCl,
Metal oxides
2-propanol/Acetone

- Cyclohexane/Benzene

- Acetone/Isopropanol

- Methanol/Scetaldehyde

Hydrogenation H,
of metal

Reaction NH;

Alcohol

CO,, SO,
Hydrogenation H,
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Fig. 1. Preparation of reaction blocks.
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Fig. 3. Experimental apparatus for Kinetic study of non-uniform reaction blocks.
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M, :molecular weight [kg/kg-mol]

AH® : enthalpy change of standard state [J/mol]
m : weight [kg]

P : pressure {Pa]

R : gas constant [J/mol-K]

AS®  :entropy change of standard state [J/mol]
: temperature [K]

: volume [m’]

: partial molar volume [m*/mol]

: stoichiometric constant [-]

: conversion [-]

< oM X <l

: stoichiometric constant [-]

azjojlAa Xt
£, : porosity [-]
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e

A : thermal conductivity [W/m-K]

Ps : apparent density [kg/m’]

0 : weight ratio of graphite {-]

SI&x}

b : block

g : graphite

r : reaction

s : salt

e

1. Kim, J. W,, Shim, K.S., Son, Y. M., Myong, K.S. and Kim, Y.
S.: Energy R&D, 15(2), 172(1993).

2. Kang, B.H. and Yoo, J.1.: Proceedings of Energy Conservation
Workshop, KIER, Taejon, Korea(1992).

3. Rockenfeller, U. and Kirol, L. D.: Proceedings of International Ab-
sorption Heat Pump Conference, 31, 433(1993).

4. Fiskum, R.J., Adcock, P. W. and DeVault, R. C.: International Ab-
sorption Heat Pump Conference, Montreal, Canada(1996).

5. Fukushima, M.: HPC Workshop Proceedings on “Heat Pumps and
Thermal Storage”, Fukuoka, Japan(1993).

6. Groll, M.: Heat Recovery Systems & CHP, 13(4), 315(1993).

7. MUKZER, ®ILFHE, JBM#ESE High Performance Chemical Heat
Pump Application, Science Forum, Tokyo(1991).

8. Lee, J.H.: Development of Freezing and Refrigeration System Using
Ammonia Based Chemical Reaction, Report of RaCER, MOTI
(1996).

9. Choi, S.H. and Lee, J. H.: Energy Engg. J., 6(1), 87(1997).

10. Choi, 1. S.: Development of an Industrial Waste Heat Recovery Sys-
tem Using a Chemical Heat Pump with NH,-Salt, KIER-966405/
2(1996).

11. Choi, S. H.: Ph.D. Dissertation, Korea Univ., Seoul, Korea(1995).

12. Park, S.H.: M.D Dissertation, Korea Univ., Seoul, Korea(1997).

13. Han, J. H., Cho, K. W. and Lee, K. H.: HWAHAK KONGHAK, 34,
757(1996).

14. Goetz, V. and Marty, A.: Chem. Eng. Sci., 47(17), 4445(1992).

15. Mazet, N.: Ph. D. Dissertation, Perpignan Univ., Perpignan, France
(1984).

16. Mauran, S., Prades, P. and L'Haridon, F.: Heat Recovery Systems

& CHP, 13(4), 315(1993).



