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Design and experimental study of molten salt heat storage biomass
carbonization device
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2. School of Energy and Power Engineering, South China University of Technology, Guangzhou 510641, China)

Abstract: Using molten salt as a heat medium to form a high-temperature molten salt heat exchange system, a set
of molten salt heat storage and carbonization device was designed. The structure and rated working conditions of
the molten salt-carbonization furnace were designed, and the Nu empirical formula was applied to calculate the
composite surface heat transfer coefficient of the molten salt-cylinder wall, and the relevant small-scale
carbonization tests were carried out. The results showed that the convective heat transfer coefficient hti of the molten
salt in the pipeline was much greater than the convective heat transfer coefficient hol of the molten salt heating
layer of the carbonization furnace. The theoretical thermal efficiency and the measured thermal efficiency of the
biomass carbonization device increased with the carbonization temperature. With the increase in carbonization
temperature, decrease in material handling capacity, and extension of carbonization time, the calorific value of the
products increased, but the solid energy yield decreased. Compared with rice husks, the organic components of pine
wood shavings were more likely to escape into tar and even the vapor phase during the carbonization process. The
designed experimental device can realize the carbonization of biomass under the condition of storing molten salt as
a heat medium, which achieves the purpose of energy saving and carbon dioxide emission reduction.

Key words: molten salt heat storage; biomass; carbonization; heat transfer coefficient; carbonization temperature;
calorific value of the product; solid energy yield
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Tab.1 Characteristic parameters of the molten salt and

biomass
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Fig.1 Schematic diagram of the carbonization furnace
structure and its central cross-sectional view
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Fig.2 The bench-scale molten salt carbonization furnace
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Fig.3 Process diagram of the carbonization reaction device
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Fig.4 Schematic diagram of the cross-section of the
carbonization furnace cylinder
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Fig.5 Convective heat transfer coefficients of the molten
salts in the interlayer of the carbonization furnace and the
system pipelines at different molten salt temperatures
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Fig.6 Temperature drops in the inlet and outlet molten salt
pipelines of the carbonization furnace during no-load test
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Tab.4 Results of carbonization reaction at different molten salt temperatures

KIS J& 3 ZF YR I C AP AT SR BEIC I 47 %1% P RAAI(KI kg T) [ s R B 7 1%
1 300 230 70.0 18 996 73.42
2 350 251 64.0 19592 69.23
3 400 257 50.5 20122 56.10
4 450 297 33.0 23265 42.39
i WRONRESE, AR 10 kg/h, JRBIRTR] 1h.
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Tab.5 Results of the carbonization reaction with different processing capacities
R 75 YRk P (kg 1) BRI AP R P °C I 3% P RAAI(KI kg ) [F] = R B 1%
1 25 267 30.0 22097 36.60
2 5.0 270 420 21563 50.00
3 10.0 257 50.5 20122 56.10
T WPRENTRSS, SRR 400 C, RIS 1 h.
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Tab.6 Results of the carbonization reaction with different reaction times
WIS SR [E)/R TRA N AT B3 °C IEi 44 7 221% FEPIFEN(KI kgt I e A 2 1%
1 1 257 50.5 20122 56.10
2 2 283 420 21067 48.85

e WREARESE, WEERRBOREE 400 °C, AbFEE 10 kg/h.
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Fig.9 Thermal efficiency of the carbonization furnace at
different temperatures of molten salt layers
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Tab.8 Energy costs of different carbonization technologies
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WA 38.40 W R 500 Jo/t £ IR 113.30
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