HWAHAK KONGHAK Vol. 34, No. 6, December, 1996, pp. 757-764
(Journal of the Korean Institute of Chemical Engineers)

ASAYEE Az E89 HMX ¥ 84
B&  zzUKX - ol

st s AR AT
(199611 3% 6d A4, 1996 74 24 A=)

rok

Manufacture and Characteristics of Heat Conductive Blocks for Chemical Heat Pump
Jong Hun Han, Kit Won Cho and Kun-Hong Lee'
Department of Chemical Engineering, Pohang University of Science and Technology(POSTECH)

Laboratory for Advanced Materials Processing, San 31 Hyoja-dong, Nam-ku, Pohang 790-784, Republic of Korea
(Received 6 March 1996; accepted 24 July 1996)

2 o

shike] #f-d Hd F18 dAielst] AARARTE Dosksict o] AAFAL 45, AYste] FAAAAE A2
stalad, d3s A Al 20% CaCl, &4 ;‘i 0149“6}“1 AP es 48 %‘ A3, 200°C, 20kPas] 274 Az2A
= 7AH e &35 dzslsich FAxA AL SR 2824 VA FHEE Darcy's lawd H43k7, dAUET $3
& ol 3l FF7IH L oSk AEA el Alsle] d2) xbe £ 2= EPMA/EDS, 7|38 ¥ 7132
7} B AFAFHT T2 TS ol ek i AeA B8] arEs 2 LR EE AR fiste] 7]
A9 A9 A2 Ao SR A A 7R B3 0.01-1.0 Darcy 2] Wélol sl dAdEEE Fd7]3)
Ao 2] WE7} p=100-400 kg/m'e] 7 4.4-21.6 WmK 2] el alsdch. 5 4 ddsbA #adsle] slaled,
7358 Az el 0.4-0.839) Welel aledoh AnAd % Fol shrjolel ubg4] Zrishs ARr| At Sk
5 °WFI°1 augled gh-g7]ufof R—Ei—%‘: A7 Hh-5-2] kinetics7} W28 #|afatel ot Alzte] AaAdg
o sed ol ofe o422 2P S o 4= 9ldc)

Abstract— Expanded graphite powders were prepared by heating natural flake graphites intercalated with sulfuric acid.
Graphite matrices were fabricated by pressing expanded graphite powders. Impregnation of salts into the graphite matrices
were done using vacuum filtration with 20 wt% CaCl, solution followed by vacuum drying at 200°C and 20 kPa. Techniques
used to examine the properties of blocks include EDAX and EPMA for amount and distribution of salts in the block, He-
pycnometer for porosity, permporometer for gas permeability and transient 1-dimensional heat flow technique for thermal
conductivity measurement. Basic chemical heat pump system is used to examine the dimensional stability and temperature
distribution for blocks in the reactor. Resuits showed that Darcy's permeability constants of graphite matrices were in 0.01-
1.0 Darcy at AP=0.8 bar. For graphite matrices with p,=100-400 kg/m’, thermal conductivities were in the range of 4-22 W/
mK. CaCl; was uniformly dispersed on the surface of expanded graphites in the block. The porosities of blocks were in the
range of 0.4-0.83. The dimension of blocks was found to be more stabilized as bulk density increases. Temperature profile
was governed by the reaction kinetics at the initial stage and by the external heat transfer in the long run.
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Fig. 1. Schematic procedure to make heat conductive blocks.
(a) expandable graphite powders, (b} heat treatment for ex-
pansion, (c) expanded graphite powders, (d) pressing, (e) im-
pregnation of salt, (f) vacuum drying. (g) heat conductive block.
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Fig. 2. Apparatus for thermal conductivity measurement.
a: temperature sensor(thermistor), b: specimen, c: constant resis-
tor, d: power supply. e: digital multimeter, f: thermostatic bath,
g: thermal insulation.
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Fig. 3. Schematic diagram for basic system of chemical heat pump.
(1) Reactor, (2) Evaporator/Condenser
1. Ammonia tank 5. Liquid pump
Liquid level measurement 6. Vacuum pump
Thermostatic bath
Thermocouples(K types)

7. Temperature controller
8. Water tank
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Table 1. Chemical compesition of expandable graphite powders
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Fig. 4. SEM image of graphite powders.
(a) flaky structure of expandable graphite powders. (b) wormlike
structure of expanded graphite powders after heat treatment at
600°C for 7 minutes.
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Fig. 5. Effect of heat treatment of make expanded graphite powders.
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Fig. 6. FT-IR patterns of graphite powders.
(A) before heat treatment, (B) after heat treatment at 600°C for 7
min.
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Fig. 10. Distribution of salts in the heat conductive block{p,=100 kg/
m’, w=63%).
(a) SEM image, (b) Ca map(EPMA), (c) Cl map(EPMAXEDAX
result: Ca=32.0wt%, Cl=56.0 wt%), A-empty space; B-Ca crys-
tal; C-expanded graphite.
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Table 2. Average pore radii of heat conductive blecks
py(kg/m’) w(wt% of gra.) r,{m)
75 50 18.3
75 36 17.1
145 36 0.61
Table 3. Dimensional stability of blocks under NH, gas
P w A
(kg/m’) (%) d, h, v,
69 23 0.63 0.080 0.27 0.49
74 67 0.63 0 0.057 0.057
111 48 0.47 0.013 0.066 0.093
116 35 0.48 0 0.035 0.035
121 67 0.51 0.001 0.023 0.025
153 50 0.45 0.014 0.092 0.12
156 71 045 0 0 0
189 56 0.41 0 0.038 0.038

1: linear expansion in radial direction, 2: linear expansion in axial
direction, 3: volume expansion of block.
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