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Present and Future of Adsorption Technology in Korea
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Introduction

The purpose of this article is to inform the present status and future plan of adsorption technology in Korea to Japanese
adsorption-related researchers. I hope that this article may stimulate the collaboration and communication between
Korean and Japanese researchers.

Compared to Japan, the United State, Germany, etc, adsorption research in Korea started late. Until the early of 1980s,
a few basic research was progressed by the support of government program, especially Korea Science and Engineering
Foundation (KOSEF). As a result, there was little cooperation between national laboratory and university or between
industry and university.

From the 1990s, adsorption research had been regularized by the support from the government and industries.
Especially, in 1996, I made out a 10-year TRM (Technical Road Map) of adsorption technology, which was requested by
Ministry of Commerce, Industry and Energy (MOCIE). At that time, the TRM was organized to overcome the duplicate
research and to progress the research efficiently. And the TRM had been systematically reflected in the program of the
Korean Energy Management Corporation (KEMCO), which is an affiliated organization of MOCIE. And the KEMCO had
supported the funded projects to various organizations. In addition, the KEMCO had encouraged the collaborative
research between industry and national laboratory/university.

Therefore, the government support projects were increased from the middle of 1990s. At that time, most of the
adsorption research in Korea was focused on the commercialized technologies in advanced countries and the target of the
research was mainly to improve the domestic technology up to the level of the advanced countries. As a result, the
following representative technologies were developed : zeolite synthesis, carbon synthesis, H, PSA, O, PSA, O, VSA, N,
PSA, air drier, CO, PVSA, VOC TSA, VOC PVSA, landfill gas recovery, heavy metal ion removal, waste water
treatment, etc. In addition, such supporting program led to the improvement of research quality and the results were
reflected on the increased number of published papers.

Adsorption Technology in Korea Today

Research-related needs drive improved communications within industry, and collaborative initiatives among industry,
universities, and national laboratories to address major industrial issues in a more efficient and cost-effective way.

At present, the research trend in Korea is a target-based project in research center, where involves many researchers
from various research fields. As a result, the keywords are “interdisciplinary research” and “fusion technology” for
synergy effect and commercialization. Moreover, the purpose of the center project comes from the top-down scheme
needed by the industries and government. The representative programs are 21th Century Frontier R&D Program launched
by Ministry of Science & Technology and Superfund Project from KEMCO. In addition, the individual project support
is still in progress from various ministries including KOSEF, Ministry of Environment, etc under the bottom-up scheme.
Except for the fundamental or basic research, collaboration with industry is mandatory for the funded project from the
center.

Since all of the adsorption technologies, which are in progress in Korea, cannot be covered in the article, the informa-
tion of representative adsorption technologies will be described.

1. Carbon Dioxide Reduction & Sequestration R&D Center

Industrial countries such as OECD group are now expected to sharply reduce CO, emission in accordance with
Framework Convention Climate Change and Tokyo protocol. To meet such expectation, the Korean Ministry of Science



and Technology had launched the Center (about 100 million
USD/10years for 3 phases) in 2002. The Center seeks R&D
program to reduce CO, emission by energy saving, better
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product from the same energy, and conversion of CO, to
valuable resources. Now, in the Center, several adsorption
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related researches had proceeded at first phase and are pro-
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One of the projects in the center, the adsorption process is

developed to produce high purity oxygen from ambient air.

There is a great demand for O, with a purity level of 999§ or N - L
higher in industrial applications. Recently, due to the reduction | _ .EE E goocoooom
and sequestration of CO,, O, inhalation combustion processes | A A A AAAAAAAA

Mean concentration of effluents at AD step of
CMS and zeolite 10X beds [%]

have been developed extensively for use in, among others, the T T T T T T T T T T T T T T
iron, steel and incineration industries. In these industries, O, 01234567 8 9101112131415161718

needs to be at least 95% purity to be used cost-effectively in Number of cycles [ - ]

fuel combustion because of the carbon tax placed on CO, Fig.1 Cyclic variation of O, purity and Ar/N, impurities
capturing. Moreover, the recommended amount of N, impurity produced from BD2 step of CMS bed during
contained in an O, product for controlling the amount of NOy cyclic PVSA operation for 999% 0O, generation at
released under the allowable exhaust standard is below 1%. base operating condition (Run 4).!

The three-bed PVSA process was refined to overcome 949 O,

purity from ambient air using one blower/compressor and one vacuum pump.? The PVSA process can produce high
purity oxygen with 97-99+ 94 purity in the recovery range from 63 to 85% in Figure 1. This process will be constructed
at the scale of 2000Nm?/hr in second phase.

The other adsorption related technology is a development of dry regenerable sorbents for CO, capture from flue gas
of thermal power plant. The objectives of this project are to identify potential materials for CO, capture sorbent
compositions, to develop spray-dry technology for sorbents applicable to fluidized/transport CO, capture process
requiring high mechanical strength and chemical reactivity at the same time. This technology will be demonstrated at the
scale of 2000Nm3/h in second phase.

Inorganic membranes have received enormous attention in the application field of gas separation and purification
because of their excellent chemical and physical stabilities and low energy consumption. The separation process of CO,
from mixtures has been evaluated as an especially valuable process in terms of its potential in solving environmental
problems such as global warming. The researches are focused on the development of zeolite membrane, CMS membrane,
and organic templating-derived nano-porous/armorphous silica/alumina composite membrane (Figure 2). In the trans-
port mechanisms on the layer with the micro- or nano-pores of the composite membrane, the properties of adsorption
or surface diffusion must be taken into consideration. Studies of diffusion in inorganic membranes have proven that the
mass transfer in micro- or nano-porous media is
strongly affected by the amount of adsorbed (b)
species, the non-linearity of adsorption isotherm,
and the steric effects stemming from pore size and

MTES templating silica layer

structure.®*

In addition, the development of the adsorbent [ SEEEEEEEEE il . o
and the process for propylene separation is in
progress with the target of 99.5% purity and 909
recovery under high energy efficiency. Also, the ' |
electrical swing adsorption process using carbon  Fig.2 SEM images of (a) a top view on a MTES templating silica
has been developed. layer surface and of (b) side-view image of composite

membrane.?
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2. Hydrogen Energy R&D Center

The total energy consumed in Korea throughout 2002 reached 208.6 million TOE, 97.19§ of which was imported and 32
billion USD. The need for energy conservation and alternative energy is greater than in any other countries. Moreover,
since concerns about environmental problems such as the depletion of fossil energy resources and global warming is



increased dramatically, the Korean Ministry of Science and Technology had launched the Center (about 90 million USD/
10years for 3 phases) for the purpose of R&D related to production, storage, and use of hydrogen. Hydrogen storage
system will function as a bridge between the production and use of hydrogen. Accordingly, the Center has conducted
research on metal hydrides, nano materials, new materials and characteristics of hydrogen adsorption and desorption.

In this center, novel materials have been developing for hydrogen storage. Various types of metal hydrides are
developing such as Mg-based hydrides, AB2 type alloys, and alkali-metal complex hydrides. In addition, carbon-based
materials and nano materials are studied for the same purpose such as carbon nanofibers, ultra-fine fibers, surface
modification of super activated carbon/GNFs/CNTs, carbon based hybrid nanofiber, fractal structure carbonaceous
materials, metal organic frameworks, and organic zeolite. Furthermore, computer-aided molecular design is in progress
to select superior materials through virtual screening. Simultaneously, one group is establishing the standard method for
the evaluation of developed materials. Therefore, the capacity of adsorption (absorption) and desorption (release) will be
re-evaluated and confirmed by both volumetric and gravimetric methods in this group.

3. National RD&D Organization for Hydrogen and Fuel Cell

To meet with “Hydrogen economy”, the MOCIE launched this Organization as a superfund project in 2004. The annual
budget is several times larger than the above center programs. In the Organization, two adsorption process technologies
are in progress to develop a compact H, PSA for hydrogen station and H, PSA for H, generation plant using natural gas
for a power plant.®~”

In addition, a novel adsorbent is being developed for desulphurization of LPG as H, raw source. In this project, metal
composite is utilized as an irreversible adsorbent for sulfur compounds.

4. Other Research Trends
Environmental problems have been undergoing rapid change in recent years.

. . . L. @  Si-Zr Cogel
Obviously, removal of trace toxic substances and organics from gas and liquid s|| @ Siicagel
. - . . . . . — Langmuir e
phases has been intensively studied but still remain as important issues.
4 @

Recently, because environmental problems from SO, and NOy in the combustion
of fossil fuels became an object of public concern, refiners in most parts of the
world are facing the inevitable reality that they will soon need to produce clean
automotive fuels with ultra-low sulfur levels in the foreseeable future.®® The new

Adsorbed amouns [mg/g]
w

challenge is to use adsorption to selectively remove these sulfur and nitrogen
compounds from transportation fuels regardless of the amount and types of sulfur

compounds. All of the commercially available adsorbents and nonconventional 0 =

L . ) 0 20 40 60 80 100 120 140 160 180
adsorbents have been focused on desulfurization and have been proven ineffective. NCCs concentration [ppmw]

New adsorbent, Si-Zr cogel, is reported to achieve the denitrogenation of light gas Fig.3 Comparison of adsorbed

amount for Si-Zr cogel and
ity of deep HDS by protecting deactivation of HDS catalysts from nitrogen silica-gel at 323 K.1°

oil containing high sulfur containing compounds (Figure 3). It suggests the possibil-

containing compounds.*?

Because of the extremely low concentration and high
volatility of Hg in coal combustion gases, the adsorption 1oor R
technology for Hg removal is studied using activated carbon. ool
Furthermore, since a far stronger bond was formed between

mercury and TiO, under UV irradiation, removal of elemen- 60 -

tal mercury in exhaust gas by several types of photo—adsor-

4or fluorescent fluorescent

bent, TiO,, under various light sources are tested.!! The ( ¢
light on light off

Hg removal efficiency / %

effective surface area of TiO, for Hg adsorption and UV ol

radiation is increased by packing the adsorption bed with —— anatase
e P25
mixture of TiO, and glass beads (Figure 4). 0 =g

rutile

In the dye removal, functionalized mesoporous oxides o 1000 2000 3000 2000 5000 5000
have been used as effective adsorbents because of their high time /s
surface area and the functionalized pore channels of large Fig.4 Hg removal efficiency vs. reaction time at fluores-

diameter. The high surface area allows the binding of a large cent light.**



number of surface groups and the functionalized pore channels of Hydrophobic Hydrogen

large diameter allow an easy reaction with adsorbates.'*'* The |nteract|on bonding

adsorption capacity of the hybrid gels is much higher than that of ARS O /
the pure silica gel and increases as the gel surface becomes more H~ C/
hydrophobic (Figure 5). CHz ‘O

Nowadays, the demand for high purity oxygen of over 99.8%,

which is a standard oxygen purity level in the semi-conductor EIeCtrOStat'C

/ “~y_ attraction
industries, is greatly increasing. Since a cryogenic plant for air / \ \/O /O
separation generally produces 99.6% O,, it needs to purify again to ./O ~gi /Si———-
satisfy such demand. In addition, oxygen produced by on-site O, yd \ / \O

PSA has to go through an additional purifier to reach a level of Fig.5 Schematic diagrams for the adsorption of
high purity. Consequently, the development of PSA for oxygen ARS on the mesoporous PTES/TEOS hybrid
purification needs to be more economical. The CMS PSA process gel in aqueous solution at pH 2.12
as an oxygen purifier was developed to produce 97.3-99.8% oxygen

with 56-97% recovery from higher than 909§ oxygen feeds.’*!® The process mentioned can be applied for a O, balance
unit with a cryogenic unit and a direct on-site unit.!”

Simulated moving bed (SMB) chromatography receives considerable attentions in Korea nowadays because it is a
continuous and effective separation process for valuable materials such as enantiomers. Moreover, chiral stationary
phases show generally low or moderate values of the separation factors (between 1.1 and 1.4), and this results in more
severe requirements for the performance of the SMB than the other previous industrial separations.!® For the successful
development of new applications in the pharmaceutical industry, a more comprehensive understanding of the SMB

process is in progress.

Future of Adsorption Technology in Korea

In Korea, the linkage between key research needs and the time-frame for obtaining the research results are needed
where the results from one or more research areas provide important support to other areas.

In 2005, I make out the revised 10-year TRM for adsorption technology with my colleagues, requested by the MOCIE
and KEMCO. Major research needs that cut across several or all of the adsorption technologies include new materials,
novel processes, energy saving processes, bio-related or fine chemical production, and demonstrations of technical
feasibility in real world. Therefore, much progress in such research is expected in Korea.

Table 1. Next 10-Year’'s TRM for Adsorption Technology

Technology
2006 | 2007 | 2008 | 2000 | 2000 | 20m w12 | 2013
Purification for = Gas Separation and Purification for Reusable Energy
Reusable Energy . = Clean Technology for Fossil Fuels

Clean Tech. for .. = Advanced Separation Technology for Effluent Gases from Fossil Fuels

Energy Saving || | || = Novel Process for Environmental Gases

Fine Chemicals .III = Purification for Ultra Pure Gas Production

by Energy Saving .IIII ¢ Separation and Purification for Fine Chemicals
Petroleum Tech. .lllll = Separation of Olefin, Paraffin, Hydrocarbon for High Purity

by Energy Saving .llllll = Low Molecule Hydrocarbon for Ultra-puri
Novel Adsorbent .IIIIII. = Naovel and Funetional Adsorbents

High efficiency o Meet with
Zeto emission €0, and Ha

8949% purity High price Plant scale

Ine chemical production Energy saving
Energy saving H, and clean fuel

foundation tecnnalogy

He——>L cmmercialization domestic international import

Impact & & O Target -Demomam Strategy Py Py i
R = Fundamental
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The 4" Pacific Basin Conference on Adsorption Science
and Technology
May 22-26, 2006, Tiandin, China
www.4-pbast.com

Scope and invitation

Like the world-wide conference of the Fundamentals on Adsorption, the Pacific Basin Conference on Adsorption Science
and Technology is an important opportunity for people engaged in adsorption-related areas to get together and discuss
the progress made in research and technology and seek new academic or business opportunities. The first conference was
organized by Professor Katsumi Kaneko and held in Japan in 1997 ; the second was organized by Professor D. Duong Do
and held in Australia in 2000 ; and the third one was organized by Professor Chang-Ha Lee and held in Korea in 2003.
The big success of these conferences and the enjoyment of the attendees encouraged me to organize the fourth one in
Tianjin, China.

It is my great pleasure to introduce the city to all people interested in the conference. Tianjin is the 3" largest city of
China. It is located 110 km Southeast of Beijing near the coast of Sea Bo-hai. Tianjin is well known as the earliest Chinese
city that opened up to the world ; therefore, various architectural styles can be found here, yet the city becomes very
modern in the past 20 years. Many scenic tourist attractions are located 120 km of the downtown area. Tianjin also
attracts much foreign investment : Motorola, Toyota, LG, Air Liquid, Air Product etc. have big branches in Tianjin.
Tianjin University, succeeding to previous Bei-Yang University, was founded in 1895 and was one of the earliest modern
universities of China. Chemical Engineering and Technology bears good reputation in the Chinese peers of chemical
engineering. Some pictures of the city and the university campus can be found on the conference web-site.
Instructions to authors

Papers are invited for plenary, oral and poster sessions. Contributions can address to various sessions :
1. Adsorption fundamentals (interface science, isotherm, modeling, adsorbent characterization, simulation, ther-
modynamic and dynamics)
Progress in adsorbents or novel techniques
Progress in adsorptive storage
Progress in adsorptive separation
Progress of adsorption technology in environmental protection
Progress of adsorption technology in the process industry

N O e W

Progress in measurement and instrumentation
Sessions may be subjected to change at the conference depending on the papers presented. An abstract of about 500 words
is due before the end of October 2005, and the full text is due by the end of January 2006. Abstracts and full papers can
be submitted on the conference web-site or by air-mail.
Correspondence
Air-mail to: Dr. Su, Wei or Professor Zhou, Li
4-PBAST Conference
Chem. Eng. Res. Ctr., Tianjin University
Tianjin 300072, China
E-mail : zhouli @tju.edu.cn suweihb @tju.edu.cn

zhouli-tju@eyou.com suweihb@eyou.com

Or on internet at : www.4-pbast.com

Time Table
October 31, 2005 : Submission of extended abstracts
January 31, 2006 : Deadline for full papers, and for early registration

May 22-26, 2006 : Conference
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