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Molecular Theory of Adsorption
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Emeritus Professor of Osaka University, Tomoshige NITTA
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Recent adsorption related researches in Taiwan

Anthony S.T. Chiang
Department of Chemical & Materials Engineering, National Central University, Chung-Li, Taiwan ROC

Brief Background

Adsorption was not a major research field in Taiwan in the 80 or early 90*. Only a handful of research groups were
interested in it. Professors J.R. Ma and T.C. Huang of National Cheng-Kung University were among the few that actively
involved in the field, in addition to Prof. S.Y. Huang in National Taiwan University, whose main concern was on hio—-
related separation. We in National Central University started works on adsorption in the late 80™ and particularly on
pressure swing adsorption processes. However, as the above-mentioned respectful leaders retired, and the recent domain
shift of Chemical Engineering, which is indicated by the change of our department name to Chemical & Material
Engineering, the research directions in Taiwan have change drastically.

Another event that has a profound effect to the academic environment in Taiwan is the quick exploration of the number
of institutes that occurred in the late 90'". Effectively, we have expanded from about 20 national and private research
universities to over a hundred universities and institutes. Many technical institute, whose main function was teaching and
training of technical stuffs, have been “promoted” to research institute. With a quantum jump of the number of faculties
who are pushed to do research, and the shrink and dilution of available resources, we see an appreciable increases in the
number of research publications, with much less advances in the technology.

Current Status
National Central University is still a major player in the
adsorption field in Taiwan. The study on PSA process has

shifted to Prof. Chou C.T., who is currently more inter- 0.6 -
ested in CO, separation®~*. Another major area is the bio 1 M’O’pe’ra’tir}’gm(’)ondi‘[ion
-related separation, where Prof.Chen W.Y.had made 05 4 CS'%

important contribution on the understanding of the inter-

action between protein and solid surfaces with isothermal
0.4 -

titration calorimetry“-". Our main efforts in recent years,
A-type
silica gel

as the name of our department suggested, have shifted to SM-MCM-41

the synthesis of adsorbent. These includes mesoporous
silica and zeolite nanocrystals®~'¥. For example, tailor-
made mesoporous silica with specific pore size and hydro-
philic nature was prepared, with the aim for better perfor-

Water Uptake (H,0 g/ SiO, g)

mance in adsorption heat pump operated with water
vapor. As showed in Figure 1, this MMS whose pore size is
~1nm, has a good capacity in the desired working pres-
sure range of water vapor. We have also developed a

0.0 A I I T T T T
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method to coat this material as ~5mm thick film on the

heat-exchanger fins, which lead to a much more efficient

heat and mass transfer during the adsorption/desorption Relative Pressure (P/P,)

cycles. Figure 1. Water adsorption isotherms (25°C) of various

A major filed for the application of adsorption processes silica samples. CS-C16 is a MCM-41 material
would be in the bio and pharmaceutical industry. Unfortu- made with CTAB. CS-C10 is a similar material
nately, since the pharmaceutical industry in Taiwan is still made with C10 surfactant. ATR11 is commer-
at its infancy, there were only a limited number of works cial silica gel. SM-MCM-41 is our material with
done in this field. Aside from the few theoretical papers we super-micropore.



had published®?-'¥, the only other study on the simulated moving bed (SMB) process was that done by Lai S.M. for the
separation of enantiomers.®*~'® Most of the bio-related adsorption studies were made on the more conventional single
column preparative chromatography, where the emphasis was on the preparation of stational phase for the targeted
separation. Examples include the use of beta-cyclodextrin bonded to silica for the separation of disubstituted aromatic
derivatives®®, or bonded to chitosan for the separation of cholesterol from egg yolk®?. Isolated chromatography works
such as the separation of isoflavones from soybean cake®V, proteins®? also exist, but usually in the Food science
departments.

A larger fraction of the recent adsorption research activity in Taiwan were focused on the environmental applications.
These can further be partitioned in to liquid phase and gas phase process. For example, adsorption has been one of the
more effective means for the removal of dye, phenol as well as heavy metal ions from waste water. However, in most
cases, the price of the adsorbent, despite of their effectiveness, has limited their broader application. Juang R.S. in Yuan
-Ze Univ. and Lee D.]. in Natl. Taiwan Univ. have been searching for less expensive adsorbents for many years. They
have tested materials ranging from agriculture wastes®®, Chitosan®*, active carbon from low cost sources®®, clays®® as
well as carbon entrapped with living cells®” for the purification of waste water. A number of other institute have also
added to this efforts with still more adsorbents.?=3%

In most of the above-mentioned studies, the adsorption isotherm was the key experimental result. However, the quality
of adsorption data published in the literature is not homogeneous. Works®'#? where only a few points near saturation
were obtained yet claimed to fit the Freudlich isotherm with better than 0.96 correlation, have been publish routinely. As
Lee D.J. has noticed,®® the equilibrium data available in the literature on low cost adsorbent may need a critical re-
evaluation, as an artificial correlation seem to exist between the entropy and enthalpy of adsorption.

For more expensive carbon adsorbent, regeneration of the adsorbent would be another way to reduce the cost. This has
been explored by Chern®®, where the effect of pH value as well as the use of alcohol have been thoroughly investigated.

Even one may tend to classify the wastewater purification as the more classical application of adsorption ; there are
still some interesting new developments thanks to the recent advance of nanotechnology. For example, Prof. Chen in Natl.
Cheng Kung Univ. has developed new adsorbents based on iron oxide magnetic nanoparticles with polyacrylic acid or
chitosan bonded on the surface.®*=*” Due to the very fine size (~15nm) of these particles, the bonded polymers were
effectively exposed to the solution without diffusion resistance. At the same time, the magnetic property of the nanoparti-
cles enabled a fast and easy way to retrieve the saturated adsorbent from the liquid. Thus a very efficient purification
process was developed.

On the gas phase environmental applications, there are
also many notable developments. For example, Taiwan
had established more than a hundred municipal waste
incinerators in the past decade. Due to either faults in the
original design or inappropriate later operation, many of
them produced more hazardous waste than digested. This
leads to gaseous waste with high quantity of acid, polycy-
clic aromatic hydrocarbons (PAHs), benzene, toluene,
ethylbenzene, and xylene (BTEX), and heavy metals. The
removal of these hazardous chemicals from the exhaust
stream of incinerator is not an easy task, considering the
high temperature involved. Prof. Wey M.Y. have been
working on this problem for some time, with a combina-
tion of adsorption and catalytic oxidation/reduction using
active carbon loaded with Calcium hydroxide,®®*% copper,
iron or vanadium oxide catalysts.“°=#? They have in fact
build a fluidized bed adsorber“® to test the efficiency of
different adsorbents under realistic operation conditions.

Another case where the operation conditions may not be Figure 2. MFI zeolite honeycomb VOC concentrator for
as harsh but the demand on efficiency is more important is semiconductor industry.
the removal of VOC in the working environment of the (Desiccant Technology Corp. Taiwan)

http://www.dtech.com.tw

semiconductor fabrication industry. This is the most prom-



inent industry in Taiwan, where the cost of adsorbent is less an issue compare to the efficiency. In this case, the problem
is to remove and collect the VOC such as acetone, IPA etc. employed as solvents in the photo-mask and developing
process. This is typically done with a condenser equipped with a rotating honeycomb thermal swing adsorption con-
centrator in front.“**» The group in Chung-Yuan Univ.“®? had provided a rather comprehensive data set for the
adsorption of VOC on AC, silica and 13X. From these results, it was clear that hydrophilic zeolite such as 13X would not
be a good choice for VOC removal.“® For better tolerance to humidity and higher efficiency, rotor should be made with
hydrophobic zeolite. With helps from Prof. Yang S.M. of our department, such rotor is now produced by Desiccant
Technology Corp. in Taiwan, as showed in Figure 2. Recently, a new hydrophobic mesoporous silica with even higher
capacity had been prepared“® and incorporated in such rotor, which demonstrated further efficiency improvements.

Conclusion :

Although the emphasis has been shifted from the chemical industry toward biotechnology and environmental, the
studies on adsorption technology are still very active in Taiwan. Among the current topics, the development of new
adsorbents seems to be the major focus points, be it with nano-technology, with bioengineering or by recycling agriculture
products for lower cost. It is believed that once a good adsorbent is available, all the process technologies developed in
the last century would be immediately and more effectively applicable to achieve the desired purpose.
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