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Development of PSA Gas Separation Technology

to reduce Greenhouse Effect

Sumitomo Seika Chemicals Co., Ltd.
Gas Division
Kazuo HArRuUNA

Masanori MIYAKE

Hiroaki SasanNo

“Pressure Swing Adsorption” is playing a role of one of the Gas Separation Technologies to save energy

consumption instead of Absorption or Distillation in the field of chemical industry. Especially this technology

should be focused on “Saving Energy” which will contribute to the reduction of CO2 emission to cause

Greenhouse Effect. Sumitomo Seika has improved this technology to expand its application field to promote

“Saving Energy”: In this paper, “Simultaneous N2/O2 Production Process” to save energy consumption is

described and “Methanol Steam Reforming Hydrogen Generator” to produce lower cost hydrogen is intro-

duced.
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1105 Classified PSAD

Operating Pressure Product Gas
Product Gas Adsorption Desorption System Adsorbent Purity Product Application
Pressure Pressure
Water 0.5~1 MpaG 1 atm PSA Alumina, ZMS H20 Non-Adsorption  Dryer,
(Drying) < 180PPM Gas Instrument Air
N2 0.5~1 MpaG 1 atm PSA MSC Max.99.999% Non-Adsorption  Heat Treatment
Gas Sealing
O2 0.2~0.4 MpaG 1 atm PSA 7MS Max.95% Non-Adsorption ~ Mini-Mill, Incinerator,
Gas Ozoneizer,
1 atm Vacuum VSA ZMS Glass Making,
0.01~0.05 MpaG ~ Vacuum PVSA ZM Medical Use
Hz over 1 atm PSA Activated Max.99.999% Non-Adsorption ~ Semiconductor
0.5 MpaG Carbon, Gas Manufacturing, Fuel
MSC, ZMS Cell, Glass Making,
Heat Treatment
CO2 1 atm Vacuum VSA MSC, ZMS Max.99% Adsorption Food Additives,
Gas Dry Ice, Welding
CO 1 atm Vacuum VSA Complex Max.99% Adsorption Gas Chemicals
Ar 1 atm Vacuum VSA ZMS Max.99.9% Non-Adsorption  Steel Making,
Gas Silicon Wafer
Manufacturing
CH4 0.2~1 MpaG Vacuum PSA MSC Max.99% Non-Adsorption  Fuel
0.01~0.05 MpaG ~ Vacuum PVSA MSC Gas
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15:) 573 Relationship between Micro Pore of MSC
and Characteristic of Gas Separation

Smaller « Micro Pore — Larger
Longer <« Optimum Adsorption Time —  Shorter
Less «— N2 Product Rate — More
More «— N2 Recovery Rate —  Less
- -.:-'-.-'- g B
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BEEEEN  Outside of Machine Room of O2 PVSA Plant
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Nz Purity of Product : 99%

02%

Cycle Time sec.

BGEENE  02% of Desorption Gas of N2 PSA
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11058 Cost Comparison between N2 PSA/O2 PVSA Production and Simultaneous N2/02 Production

Simultaneous N2/0z2 Production

N2 PSA/O2 PVSA
Production O2 Recovery from Nz Recovery from
Desorption Gas of N2 PSA Desorption Gas of O2 PVSA
02 PVSA N2 PSA 02 PVSA N2 PSA 02 PVSA N2 Compressor
Product Gas Purity 90%02 95% N2 90% O2 95% N2 90% O2 95% N2
CO2< 1PPM CO2< 1PPM COz2: Approx.0.3%
DP:-60°C DP:-60°C DP:-20°C
Product Gas Flow Rate 340Nm3/H 135Nm3/H 310Nm3/H 135Nm3/H 340Nm3/H 135Nms3/H
Specific Power 0.34kw/Nm?3 0.24kw/Nm3 equivalent to 0.24kw/Nm?3 0.34kw/Nm3 0.168kw/Nm3
Consumption 0.31kw/Nm3
Gas Cost
Fixed Cost 6.4 Yen /Nm3 1.8 Yen/Nm3 6.0 Yen/Nm3 1.8 Yen/Nm3 6.4 Yen/Nm?3 0.9 Yen/Nm3
Variable Cost 3.4 Yen/Nm3 2.4 Yen/Nm3 3.1 Yen/Nm3 2.4 Yen/Nm3 3.4 Yen/Nm3 1.7 Yen/Nm3
Total 9.8 Yen/Nm? 4.2 Yen/Nm3 9.1 Yen/Nm? 4.2Y en/Nm3 9.8 Yen/Nm3 2.6 Yen/Nm?

Annual Gas Cost 26,656,000 Yen 4,536,000 Yen

22,568,000 Yen

4,536,000 Yen 26,656,000 Yen

2,808,000 Yen

Annual Saving Gas Cost —

4,088,000 Yen 1,728,000 Yen
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a1 -8 Raw Material Gas of H2 PSA

Raw Material Gas ~ Methane (Natural Gas) ~ Methanol
Component Steam Reforming Gas ~ Steam Reforming Gas

Cokes Oven Gas

He 77.0% 74.9% 56.0%
CO 2.6% 0.8% 6.8%
CO2 18.0% 24.2% 2.5%
N2 80ppm 50ppm 6.0%
CHu 2.5% 1ppm 26.5%
02 5ppm 1ppm 0.4%
CH30H — 0.1% —
CmHn — 1ppm 2.5%
He

Product Purity 5N 5N 5N
He

Recovery Rate 78% 83% 67%
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CH30H = CO + 2H2
CO + H20 = CO2 + H2
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IEEELN Flow Diagram of 20MH Hz Generator

IEEEEN  20MH H: Generator

1116 Specification of 20MH H2 Generator

Product Gas Flow Rate 20 Nm3/H
Product Gas Component
H2 higher than 99.999vo0l.%
CcO < 1vol ppm
Product Gas Pressure 0.8MpaG
Hydrogen Recovery Rate 83%
Utility Consumption
Methanol 0.61kg/Nms3 - H2
Power 0.65kw/Nm3 - H2
Cooling Water 30L/Nm3 - H2
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