EXPERIMENTAL STUDY AND MATHEMATICAL MODELING OF
BREAKTHROUGH CURVES FOR AMULTI-LAYER GAS ADSORBER

Ms. Prapapom Chaikasetpaiboon

A Thesis Submitted in Partial Fulfilment of the Requirements
for the Degree of Master of Science
The Petroleum and Petrochemical College, Chulalongkom University
in Academic Partnership with
The University of Michigan, The University of Oklahoma,
and Case Western Reserve University
2003
ISBN 974-17-2298-2

X2t 095 <U>



Thesis Title: Experimental Study and Mathematical Modeling of
Breakthrough Curves for a Multi-Layer Gas Adsorter

By: Ms. Prapapom Chaikasetpaiboon
Program: Petrochemical Technology
Thesis Advisors: Dr. Kitipat Siemanond, Dr. Nakarin Mongkolsiri

Dr. Sirirat Jitkanka, Ms. Bualom Jaikaew

Accepted by the Petroleum and Petrochemical College, Chulalongkorn
University, in partial fulfilment of the requirements for the Degree of Master of
Science.

Ael AT College Director

(Assoc. Prof. Kunchana Bunyakiat)

Thesis Committee:

(Dr. Kitipat Siemanond) (Assoc. Prof, Thirasak Rirksomboon)
(Dr. Sirirat /ftkanka) (Asst. Prof. Pramoch Rangsunvigit)
...... [ Dol

(L. NaKarin Iviongkoisirt) (Ms. Bualom Jaikaew)



ABSTRACT

4471024063 : PETROCHEMICAL TECHNOLOGY PROGRAM

Miss Prapapom  Chaikasetpaiboon:  Experimental Study and
Mathematical Modeling Of Breakthrough Curves for a Multi-Layer
Gas Adsorber
Thesis Aavisors: Dr. Kitipat Siemanond, Dr. Sirirat Jitkanka,
Dr. Nakarin Mongkolsiri, and Ms. Bualom Jaukaew, 69 pp.
ISBN 974-17-2298-2

Keywords : Adsorption/ Adsorbent/ Adsorber/ Zeolite Type 4A/ Silica gel/
Breakthrough Curve/ Adsorption Model/ Water/ Natural Gas

The adsorption of water from the natural gas was investigated using a multi-
layer adsorber. The adsorbents used in the adsorber consisted of the commercial
silica gel and molecular sieve 4A. The experiments were conducted under different
humidity levels of the natural gas feed (60%RH and 75%RH) and different contact
time (17 sec and 34 sec). The experiments were aimed to obtain the experimental
adsorption breakthrough curves (or time) and to determine effects of the humidity
levels and the contact time on the breakthrough curves (or time). The experimental
results indicated that the water breakthrough was accelerated with an increase in the
humidity level of the feed inlet and/or with a decrease in the contact time. In
addition, the Langmuir model and the Linear model were successfully adopted to
establish the equilibrium adsorption isotherm to best fit the experimental data at the
humidity of lower than 52%6RH and above 52%0RH, respectively. Moreover, a set of
the mass transfer and theoretical adsorption equations was solved mathematically to
obtain the theoretical breakthrough curves (or time). The mathematical models
suggested that the overall mass transfer coefficient (k) of approximate 1.0 x 10"4was
practically acceptable for all experimental case scenarios.  Although the
mathematical models were also able to predict the adsorption capacity at
satisfactorily high degree of accuracy, their estimation of the breakthrough time was
shorter than that from the experiments by about 27% in average. However, the
theoretical breakthrough curves still illustrated the same trend and pattern



corresponding to the curves from the experiments.  This indicated that the
experimental equilibrium adsorption isotherm considerably played an important role
in controlling the adsorption behaviors on the multi-layer adsorber. In conclusion,
the mathematical models were demonstrably accurate to predict the adsorption
capacity and moderately acceptable to predict the breakthrough time for the
adsorption of water from the natural gas onto the multi-layer adsorber under above
experimental conditions.
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