O {ERKEL

PSA 2Ra2Z=ZM" SUMITOMO SEIKA
PSA SYSTEMS







Discover advanced

separation
with the PSA.
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PSA stands for Pressure Swing Adsorption. This is a
method to separate and refine the gas through repeated
adsorption and desorption by means of swinging the
pressure of the gas.

The figure shows conceptual views of PSA and
TSA(Thermal Swing Adsorption). In general,
adsorbents have the following characteristics.

® The higher the pressure rises, the greater the
adsorption quantity of adsorbent is. On the other
hand,the lower the pressure decreases,the less
the adsorption quantity is.

@ The lower the temperature decreases, the greater
the adsorption quantity of adsorbent is.On the
other hand,the higher the temperature rises,the
less the adsorption quantity of adsorbent is.

The former characteristics are applied to PSA, and
the latter to TSA. Namely,the PSA method performs
adsorption and desorption in accordance with
adsorption isotherm characteristic at the ambient
temperature.The TSA method,however,performs
adsorption and desorption within temperature range
between ambient temperature and higher temperature.
Through research and development of the PSA
technology since 1976, we have successfully
commercialized recovery and refinery systems of
hydrogen(H2), carbon dioxide(CO2) argon(Ar) and
methane(CH4), in addition to generation system of
nitrogen and oxygen. These systems are acclaimed by

various industries.
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PSA SYSTEM

The most suitable system is designed on specific conditions:

product gas, adsorbent operating conditions, etc.

1.Type of Gas Separation

(1) Refining system for nonadsorption gas
This system separates and refines nonadsorption gas as a
product gas such as N2, Oz, H2, Ar or other nonadsoption gases.

(2) Refining system for adsorption gas
This system recovers adsorption gas using an adsorbent as
a high-concentrated product gas such as CO2, CO or other
adsorption gases.

2.0perating Pressure

The PSA system can be roughly classified into two types

according to the range of adsorption pressures and

desorption pressure as follows:

(1) Atmospheric pressure Desorption System
In this system, adsorption is operated under pressure, and
desorption is operated at atmospheric pressure.This system
is applied to N2, H2 and others and featured in a simple and
compact configuration. However, the energy consumption is
slightly larger than that of other systems.

(2) Vacuum Desorption System
In this system, adsorption is operated at atmospheric
pressure,and desorption is operated in a vacuum .This system
is applied to O2, COz2, Ar, CH4 and others and is featured in
smaller energy consumption to refine the gas at higer level.

Type of Gas Separation

(1) Refining system for nonadsorption gas Product gas

(Nonadsorption gas)

Adsorption Desorption

Waste gas
Feed gas

(Adsorption gas)
(2) Refining system for adsorption gas

Waste gas
(Nonadsorption gas)

Adsorption Desorption

Product gas
Feed gas

(Adsorption gas)

Operating Pressure
(1) Atomospheric Desorption System

(Nonadsorption gas)

Adsorption Desorption

(Adsorption gas)

Compressor

(2) Vacuum

Desorption System (Nonadsorption gas)

Desorption

Adsorption (Adsorption gas)

Blower Vacuum Pump
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In the PSA gas separation system,various adsorbents are
used in line with characteristics of a gas to be separated.
N2-PSA: CMS(carbon molecular sieve)

02-PSA: ZMS(synthetic zeolite)

H2-PSA: CMS,ZMS

The performance of adsorbent gives a significant influence
on the capability of the PSA system. Therefore, it is very
important to use an adsorbent or combined adsorbents
appropriate to the operating conditions of each system.

SUMITOMO SEIKA is supplying high-performance PSA
systems using optimum adsorbents specifically developed
through our much experience and collaboration with
adsorbent producers.
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we first began marketing The PSA nitrogen generation system in Japan using carbon
molecular sieve (CMS) in 1979.

P Product N2

Adsorber

I—} Waste gas
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The molecular diameter of oxygen is slightly smaller than
that of nitrogen.This difference in molecular diameter
enables quicker diffusion and adsorption of oxygen in micro
pores of CMS than that of nitrogen. At the same time,
moisture and carbon dioxide in the air are also adsorbed
in the micro pores of CMS.The above figure shows the
correlation between adsorption ratio and adsorption time
of oxygen and nitrogen respectively. The adsorption of
oxygen is much faster than that of nitrogen. Our nitrogen
gas generation system can utilize the characteristics of CMS
between oxygen and nitrogen described above. (Patented)

1.0n-site nitrogen production at lower cost.

2.The most experienced gas separation technology in
the world.

3.Flexibility to meet the customer's needs.
N2-PSA system is capable of meeting a wide range of
requirements of nitrogen quality.

4.Automatic control on operating conditions.
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1.Blanketing
Blanketing and transportation of explosive or inflammable
substances.
2.Purging
Purging of tanks, pipes, etc
3.Heat treatment
Adjustment of atmospheric condition for bright hardening,
bright annealing, carburizing, nitriding, tempering, etc.
4.Atmospheric control
Tire vulcanization system, CA storage, prevention of
oxidation of edible oil. etc.
5.Food packing
Prevention of quality deterioration of food such as tea,
instant coffee, coffee, cookies, etc.
6.Manufacture of semiconductors, electronic parts, etc.
7.Reflow furnace

JOEAEERERD) pressureesorption system)
ZRIEMETH 0.69MPaG ICEMEIN -2 RIE. WEEOTHABEAIN
7,

CHMBEETEE. REHRX. KorREkEEIh, BRTHEIBZEHIH
FEEVHETEET, WRBEERD CMS ICRBEINEER, REHX. KD
FATETFTCHREINET, ZOME - BEDTL Yy +—X1>J % 28]
BARTITV. SMENEBZEHREREILET,

Air compressed to approximately 0.69MPaG by an air compressor is
introduced into the bottom of the adsorber.Oxygen, carbon dioxide and
moisture are removed in the adsorber, and nitrogen gas comes out of the
top as the product gas.Oxygen,carbon dioxide and moisture adsorbed by
CMS in the adsorber are desorbed at atmospheric pressure. High-purity
nitrogen gas is generated through pressurization-to-depressurization
swing which is performed alternately by two adsorbers.

BE 71 :2,000m3/h(nor.) at 99% 1 R5%)
. FE :95~00.999% (N2+Ar)
F 7Y 3 I2& D 0210ppm LL T OFEAE G v[HE T,
E 71 :0.44MPaG

XK 9 :§ES —60C at 1atm

Capacity: max. 2,000m3/h(nor.) per unit
Oz concentration: 5% to 10 ppm.
The system can be designed to

achieve optionally 10 ppm O2 or less.
Pressure: 0.44MPaG
Moisture: Dew point —60°C
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Adsorption Loading

Pressur®
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Oxygen gas generation system generates oxygen with standard purity of 90% to 95%.The
system is variable from small facility of oxygen generation rate to that of 2.500m3/h(nor.)

P Product Oz

Adsorber

Waste gas

Blower Vacuum pump
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Oxygen is separated from air utilizing the difference in
adsorption quantity on synthetic zeolite between nitrogen
and oxygen. (Patented)

1.0n-site oxygen production at lower cost.
The cost is approximately 1/3 to 1/4 of purchase cost of
liquid O2 on a tank truck basis.
2.The purity of oxygen can be increased up to 95%.
[Ex.] The composition of oxygen gas with a purity of 93%
isas follows:
Oxygen: 93%
Argon : 4.5%
Nitrogen : 2.5%
Moisture : Dew point — 60°C
3.Low running cost.
Since a vacuum desorption system is employed, its power
consumption is smaller than that of other system.
4.0xygen gas can be obtained immediately after start-up.
5.Automatic control.
System fully works automatically after start-up.
6.Compact design
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1.Supply of oxygen for various kinds of furnaces
Electric arc furnaces for steel making, smelting of non-
ferrous metals (copper,zinc,aluminum,etc.), glass making
and various kinds of kilns.

2.Pulp and paper industry
Oxygen aeration and ozone bleaching

3.Waste water treatment facilities
Oxygen aeration and ozone generation

4.Chemical industry
Various kinds of oxidation reactions

5.Fermentation industry

6.Pisciculture

7.0thers

IENCPIESEUre ,desorptiun"svs;féiﬁ')ﬁ

T4V Z—TCREShEZEAERIE. 28707 —T# 0.039MPaG £ Tl BE 1 max.2,500m3/h(nor.) (2 #£X)1 R5ILY)
EINTWBEEISE)IATIET, BRICTEINTWIEHREAF T 1 M O2ftifE 90 ~ 95%

£V, BE - ADBLURBHIPWESN. BEFLBLIRELET, E # 097MPaG
COTREBEIREVL, COTRFET LABETERFRL 712 TH K 4% A —60C at 1atm

200Torr {#) 0.027MPal & CIRESh. WERAEHBETETIRELYET,

D& BB TRE - HEOSTREMN 0 BEICRYELT, Capacity: max. 2,500m?h(nor.) per unit

O2 concentration: 90 to 95%
Pressure: 0.97MPaG
Moisture: Dew point —60°C

BIIC 90%~ 5% DEFERELET,

2 £
2, KD IERICHNRT, B—REMTRBENIRENET,

Adsorber System:
Air filtered for removal of dusts is boosted to approximately 0.039MPaG
by air blower and then introduced into an adsorber. Nitrogen, moisture
and carbon dioxide are adsorbed by synthetic zeolite filled in the adsorber
to generate oxygen as the adsorption step. After this step, a vacuum
pump evacuates this adsorber down to approximately 200 Torr{27kPa}
as the desorption step. The steps
of adsorption and desorption are
alternately repeated for every 30
seconds by two adsorbers, so that
oxygen of maximum 95% concentration
is continuously generated.

Two-Adsorber System:

The two-adsorber system will bring
the facility cost lower than that of the
three-adsorber system and the same
performance.
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High purity hydrogen is recovered and purified from many kinds of gases containing

hydrogen. Our H2-PSA system is also capable of recovering hydrogen from the

decomposed natural gas or methanol.

} Product H2

vl

Adsorber

} Waste gas
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As show in the above figure, the
hydrogen is hardly adsorbed compared
with the other gases. By utilizing this
characteristic, high-purity hydrogen can
be easily separated from the mixed gas
by adsorption of all other gases.

1LIRBEBRADICTChAREREFALT
W37, aA2N7RTT,
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1.Compact size
Since the adsorbent superior in
performance is employed, our system
can be designed in compact size.
2.Non pretreatment
The pre-filter equipped with the
adsorber makes it possible to recover
and dirty gas (COG,etc.) with
high efficiency and other special
pretreatment.

1. X8 —IVREBHARVOXRAH A%

Bh S DKRH XFER
2.COG (A—=7RFAHR) »5DKFE
7 ZER

3. BEAREHH A 5 DAFEH ZENUR
4. KT H AR

1.Purification of hydrogen obtained
by decomposition of methanol or
natural gases

2.Recovery of hydrogen from COG

(coke oven gas)

3.Recovery of hydrogen from other
gases containing hydrogen

4.Purification of hydrogen

A ZXE max. 5000m3/h(nor.)1 %514+
# E max. 99.999%
E 75 049 ~ 3.92MPaG

Capacity: max. 5,000m3/h(nor.) per unit
Purity: max. 99.999%
Pressure: 0.49 to 3.92MPaG
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System purifies argon-rich gas discharged from RH vacuum degassing furnaces, silicon

monocrystallizer, etc. for separation of high-purity argon gas.

Adsorber

Raw gas

—

Blower

P Product Ar

L)

Waste gas

v

Vacuum pump
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As show in the above figure, argon is
adsorbed by zeolite, less than other
gases of nitrogen, carbon monooxide
and carbon dioxide contained in a raw
gas.By utilizing this characteristic, high-
purity argon gas can be recovered and
refined from the argon-rich raw gas.
(Pantented)

1. EME7ILT > (max. 99.999%) OME|
A TTBET
2. 7V EYNEL 70 ~ 80% EEE,

1.High-purity argon gas (99.999%
max.) can be recovered.
2.High recovery yield of 70 to 80%.

1. A%

RH EZE[iH 275D 7)LT v HIYL,
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1.Steel industry Recovery of argon
from the waste gas of:
RH vacuum degassing furnaces.
Continuous casting facilities.
LF furnaces.

2.Semiconductor industry
Recovery of argon from the waste gas
of silicon monocrystallizer.

3.0thers
Recovery of argon from other gases
containing argon.

Pressure:
Moisture:

: max. 1,000m3/h (nor.) 1 R5%1)
: max. 99.999%

1 0.49 ~ 0.69MPaG

: 8= —70C at 1atm

max. 1,000Nms/hr per unit
max. 99.999%

0.49 to 0.69MPaG

Dew point —70°C
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As show in the above figure,COz2 is
adsorbed much more than N2. By
utilizing this characteristic, the adsorbed
CO:z is desorbed by a vacuum pump for
recovery of high-purity CO2. (Patented)

CO2-PSA

N2

Pressur®

(% & FEATURES

AEEG. REFHTZIEORBRAREECERAZLY, RE 99% L EDOSHEE RER A X%/

B2, »ORMICEIRTEHDTY, 1987 FICTHERE TIEHEHRTHHT 3,000ms/h (nor.) D
1 SHEMAL. REIBRICEHEF T, /o RIERBEBMTSZEICL), RfiLRIE
REEAZNFEONET, Y, COLPHFTHSHOERETHEESVFMEBTVET,

System easily and economically recovers high-purity CO2(99% or more) from a raw gas
containing COz2 such as combustion exhaust gas in 1987, we commercialized this system first
in the world and achieved the output capacity of 3,000 m?#h(nor.) as commercial plant. In
addition, our COz liquefaction plant economically liquefies CO2 recovered by our CO2 PSA
system. This plant is acclaimed in various industries.

>

Pretreatment
Facility

Raw gas

ﬁ Blower
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4. BEHREPHICRARBAZINISESH
%7,

Waste gas

Adsorber

Product CO2

Buffer Tank

Vacuum pump

1.CO2 can be obtained economically.
The cost is approx. 1/2 to 1/3 of
purchase cost of liquid CO2 on a tank
truck basis.

2.C02 concentrated over 99% can be
obtained continuously.

3.Low running cost.
The running cost is lower than that of
the conventional chemical adsorption
process which consumes a great
amount of steam.

4.Product CO2 can be obtained
immediately after start-up.

BE  71: 3,000m3/h(nor.) 1 R5H 1)
OE: 9%

£ 71: 0.069 ~ 2.45MPaG

X 9. BEH —10C at 1atm
Capacity: 3,000m3h(nor.) per unit
Purity 99%

Pressure: 0.069 to 2.45MPaG
Moisture: Dew point —10°C
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Advanced Gas Separation Technology

We have many experiences in engineering and construction
of various chemical plants and pollution control equipment,
including licensed business of our technology to the overseas
market, based upon our own technology accumulated
through production of chemicals and high-pressure gases.
Our experience and technology are incorporated in our PSA
system.
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Chemical Equipment

We have been putting forth new idea and innovative technology
continuously based on our own technologies and experiences
accumulate over many years. We have been making a headway
as a dedicated engineering company in the field of separation and
purification of various gases and liquids.

@ Plant engineering

Based upon our experience and technology accumulated
through production of various chemicals over many years, we are
constantly striving to meet customers’ requirements in design and
implementation of electrical works,

instrumentation work, civil engineering and construction works
including engineering and construction of various chemical
equipment and other plants.

Our construction experiences have recently extented over the
diversified fields ranging from chemical plants (formalin,latex,etc) to
gas or sovent recovery facilities and wood impregnation facilities.
Our activities have also aggressively extented to overseas to
construct nitrous oxide production plant (Thailand), methyl
mercaptan production plant (ltaly and Mexico), CFC manufacturing
facility (Korea), standard gas production plant (Russia), and super
absorbent polymer production plant (France).

@ Pollution control engineering

It has been along time since the problem of air and water pollution
was first focussed on. We have been supplying equipment
to prevent air and water pollution,aiming at contibuting to the
better human life. Scrubber BFS (Beflex scrubber) performing
an outstanding absorption efficiency is equipped with the multi-
purpose gas-liquid contacting device BFT (Beflex Tray) which
has been patented in many countries.This scrubber is a very
economical system widely employed for treatment or removal of
various kinds of waste gases and malodorous gases, Especially,
the scrubber is incorporated incorporated in the latest scrubbing
system of the flue gas from the municipal incinerators.

@ Tanks (Liquefied gas storage)

H
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ENEMHRER(CSSER)

atm bar Kg/cm? | Lb/in? He als Pa
mm in m ft

1 1.013250 1.033227 14.6960 760.000 29.9214 10.3416 33.929 101325
0.986923 1 1.019716 14.5038 750.062 29.5301 10.2063 33.485 100000
0.967841 0.980665 1 14.2234 735.559 28.9591 10.0091 32.838 98066.5
0.068046 0.068948 0.070307 1 51.715 2.0360 0.70370 2.3087 6894.76
0.001315789| 0.001333224 | 0.001359510 0.0193368 1 0.0393702 0.0136073 0.044643 133.322
0.0334209 0.0338638 0.0345315 0.49115 25.400 1 0.34563 1.13394 3386.39
0.096782 0.098064 0.099997 1.42231 73.554 2.8958 1 3.2808 9806.31
0.029499 0.029890 0.030479 0.43352 22.419 0.88265 0.30480 1 2988.99

1bar=10%yn/cm?=10%Pa, 1Lb/in?>=1psi(pound per square inch), 1Kg/cm?=1atm, 1Pa=1N/m2, 1mmHg=1Torr
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DISCLAIMER

(1) This brochure (and the information contained herein) is
provided solely for promotional and illustrative purposes
only and is not intended to constitute any promise,
representation or any kind of warranty as to any product
or any other matter. The information in this brochure is
subject to change without notice and is not intended to be
relied upon.

(2) All representations and warranties relating to products
are set out exhaustively in the relevant contract of sale or
service, and nothing in this brochure shall be construed as
adding to or altering any term of such contract.

(3) Please refer all enquiries concerning any product or this
brochure to SUMITOMO SEIKA CHEMICALS CO., LTD.

Intellectual Property Right Notice

The names, images and logos identifying SUMITOMO SEIKA
CHEMICALS CO., LTD., and its products, or third parties and
their products are subject to copyright, design rights and trade
marks of SUMITOMO SEIKA CHEMICALS CO., LTD., and/or
any such third parties. No part or parts of this brochure may
be reproduced, distributed, adapted, modified, republished,
displayed, broadcast or transmitted in any manner or by any
means or stored in any information retrieval system without the
prior written permission of SUMITOMO SEIKA CHEMICALS
CO., LTD., or the relevant third party intellectual property
right(s) owner.
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SUMITOMO SEIKA CHEMICALS CO, LTD.

GASES DIVISION ENGINEERING AND SYSTEM DEPARTMENT
HEAD OFFICE:(TOKYO)  13-5, 1-Chome,

Kudankita, Chiyoda-ku, Tokyo, 102-0073, Japan

Tel: +81-3-3230-8576 Fax: +81-3-3230-8528

(BEFU) 346-1 Miyanishi Harima-cho, Kako-gun,
Hyogo, 675-0145, Japan
Tel: +81-79-437-2180 Fax: +81-79-437-2207

Website Address http://www.sumitomoseika.co.jp/





