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ABSTRACT

This research study was separated into two parts. First, biogas upgrading with carbon
dioxide absorption by monoethanolamine (MEA) solution and regeneration of the used
solution by electrical heating combined with ultrasonic wave were performed. Second,
biomethane from biogas upgrading adsorbed on two activated carbons, coal and coconut
shell, at low pressure and low temperature was investigated. The simplified equation from

Dubinin-Astakhov model was developed for predicting biomethane adsorption.

For biogas upgrading, biogas of 70-75% CH4 and 30-25% CO2 was fed into a MEA
solution to study the CO2 absorption. The effects of controlled parameters on the absorbed
MEA such as gas flow rate, solution concentration, height to diameter ratio of the column
were carried out. Low biogas flow rate and high MEA concentration could absorb CO>
effectively. High height to diameter ratio and low biogas flow rate, high concentration
could be achieved. The maximum CH4 concentration could be up to 90-95 % by volume
0.1-0.2 M of MEA. The 0.05 M of MEA solution could not absorb CO> effectively.

The characteristic absorption time of 50% CO. absorbed (7) with the related parameters

sC 0.95977(Hj0'197238C 14457
D

G FR 0.62927

was formulated in a form of 7 = 0.60725 . The absorption



time (t) to get more than 90 % methane could be formulated as

12429 H e 42988
SC D BC

t =3.6638 x10°° GER 079462

For MEA regeneration, the used solution was heated at temperature of 70-98°C, in
combination with ultrasonic wave frequency of 20 kHz. The pH value was the indicator
of regeneration performance. The regeneration by heating with ultrasonic wave could
increase the solution pH close to that by 98°C heating only. With the ultrasonic wave
combination the energy consumptions could be reduced around 40.6 and 33.6% for 80

and 90°C heating, respectively compared with those by electrical heating only.

For biomethane adsorption on activated carbon, coal and coconut shell activated carbons
were used to study on adsorption of biomethane at 80 and 90% concentration at a pressure
range of 0-8 bar and a temperature range of 10-25°C. Langmuir model and D-A model
were used to investigate the biomethane adsorption. It could be concluded that the
adsorbed biomethane on activated carbon increased when the pressure increased and the
temperature decreased. The 80% biomethane was better adsorbed since the activated
carbons had higher affinity for CO> than that for CHa.

The Langmuir model was used to evaluate the limiting uptake (gmax) Of the 80%
biomethane adsorption on the coal and the coconut shell activated carbons at the
temperature range of 10-25°C. The values were in the ranges of 4.7989-5.0557 and 4.1512
- 4.5186 mmol/gac), respectively. For the 90% biomethane adsorption, they were in the
ranges of 2.9829-3.2290 and 2.2618-2.3390 mmol/g(ac), respectively. The amount of
biomethane adsorption and Langmuir’s constant increased when the temperature

decreased.

The D-A equation for biomethane adsorption was used to consider the structural
heterogeneity parameter (n) and the characteristic energy of adsorption (E). It could be
concluded that as the structural heterogeneity parameter (n) decreased, the characteristic
energy of adsorption (E) was decreased. The structural heterogeneity parameter for coal



tended to be a heterogeneity surface more than that for coconut shell and the values were
1.48 and 1.35, respectively.

The D-A model for predicting biomethane adsorption was developed at the pressure less
than 8 bar with the temperature range of 10-25 °C as

80% Biomethane on coal 80% Biomethane on coconut shell

2 \148 2\1.35
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6.1351 61351 |
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90% Biomethane on coal 90% Biomethane on coconut shell
2 1.48 2 135
5.2615[201T 46) 5.2615[201T 46J
In(q) = —2.7249 —0.0001 x| T In f' In(q) = —3.1602 —0.0002 x| T In f'

The isosteric heat of adsorption for 80 and 90% biomethane on two activated carbons
were in a range of 5.56-9.76 kJ/mol. The heat of adsorption decreases when the adsorbed
amount of biomethane increased. It indicated that the activated carbon surface was close

to substantially heterogeneous.

For biomethane desorption, 80% biomethane adsorption at a pressure of 8 bar on activated
carbon was desorbed by low temperature heating at 25-55°C. The results could be
concluded that the percentage of the discharged biomethane increased when the adsorbent
temperature increased. The percentages of desorbed biomethane were in the ranges of 65-
78% and 61-74% at 25-55°C for coal and coconut shell, respectively. The amount of
biomethane adsorption and desorption in the 2" and the 3" cycles were quite close to the

initial values.



