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## 5372323223 : MAJOR CHEMICAL TECHNOLOGY

KEYWORDS : CHEMICAL HEAT PUMP / REACTIVE DISTILLATION / ISOPROPANOL

ACETONE HYDROGEN
WATCHARA URAISAKUL : IMPROVEMENT OF DEHYDROGENATION
REACTION IN ISOPROPANOL/ACETONE/HYDROGEN CHEMICAL HEAT PUMP
USING REACTIVE DISTILLATION SYSTEM. ADVISOR : ASSOC. PROF.

PORNPOTE PIUMSOMBOON, Ph.D., 105 pp.

The study of chemical heat pump employs the reversible chemical reaction to improve
the efficiency of the waste heat utilization. Isopropanol/Acetone/Hydrogen chemical heat pump
system is a system that retrieves energy from the low grade waste heat (about 80 - 90°C) and
converts to the higher grade heat (about 200°C) via dehydrogenation and hydrogenation reactions,
respectively. In dehydrogenation reaction zone, the endothermic reaction occurs and the low
grade heat is consumed. The conversion at 80°C under equilibrium condition in this zone was
very low approximately 10 percent. To increase this value the separation of the reactant and
products would help the reaction moving forward and increase the conversion of the reaction.

In this work, the kinetic of dehydrogenation reaction with Raney nickel for a reactive
distillation was investigated. At 80, 70 and 60 °C, the rate constants are 0.72E+8, 4.01E+8 and
1.58E+8 mol/g.cat/min respectively. This activation energies are 83,097 81,194 and 78,193 J/mol
with acetone equilibrium adsorption constants of 1.48E+15, 4.06E+19 and 1.80E+21
mol/g.cat/min. The heat of acetone adsorptions are -130,405 -126,489 and -92,335 J/mol
respectively. The effects of various design parameters were investigated and expressed in terms of
efficiencies such as COP, T] and G* using ASPEN plus simulator. From the simulation, the
reactive distillation can increase dehydrogenation conversion from 10% to 28% and it could
improve percent conversion if the proper design is conducted. Furthermore, it was found that inlet

pressure of hydrogenation reactor has high impact on the system efficiency.

Department : Chemical Technology

Field of Study : ... Fuel Technology

Academic Year: 2013
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Chemical Heat Pumps
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== Cirganic = Solid-gas Low-hysteris Mish-metal . -
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- b:HJ ¢ alkatine sahs : by AL, M. Cu, Fe) 4A as NaA, 5A a Cad, 10X as CaX,
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Fro TiMnFe, [mb, g8 g, | Zeulite / methancl |
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- Bulphite / oxide LalmMiy oo Ming g Al ;
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Water sysiem ] Aclivated carbym  anurrmia i

- Hydmxide / oxide

== Salt bydrae ¢ salt

== Salt bydrate © walt hydrate
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== Mapnesiem oxide / water

Sillca gel [ waber i

Carrbar diaeide system
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2000)
No. | Condition Kim et al., Doi and Doi etal., 1995 | Mooksuwann and
1992 Tanaka, 1992 Kumar, 2000
1 Heat supply Oil bath with Oil bath Heated oil Oil bath
heater flowrate in the
reactor jacket
2 Reactor 3-necked flask | 3-necked flask | Mixing tank 3-necked flask
(1000 ml) (300 ml) (200 1) (1000 ml)
3 Reaction temp (OC) 82.4 71-83.5 - 60-80
4 Volume of 0.5 0.05-0.20 180 0.30-0.50
isopropanol
5 Catalyst used Raney nickel Nickel-fine 5 wt% Ru-Pd/C | 10 wt% Ru-Pt/C
particle
6 Catalyst weight (g) | 1.70-6.69 0.10-0.40 81.4 0.15-0.40
7 Catalyst 3.5-13.4 0.5-8.0 0.45 0.5-1.7
concentration (g/1)
8 Separation unit Simple Reflux Rectifying Condenser
condenser condenser column
9 Mixing device Magnetic Magnetic stirrer | Stirrer Nitrogen bubble
stirrer
10 | Flow rate Bubble flow Gas burette Gas flow meter | Bubble flow and
measurement meter gas flow meters
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No. | Condition Kim et al., Doi and Doi etal., 1995 | Mooksuwann and
1992 Tanaka, 1992 Kumar, 2000
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