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Summary 

�Cost Saving CO
2
 Capture System by Utilizing Low-grade Waste Heat�

The advanced CO
2
 capture system has been developed to reduce a cost of CO

2

capture drastically. The new system needs three key technologies: 1) a 

higher-performance chemical absorbent, 2) a capture process of CO
2
 from flue gas 

stream (blast furnace gas) in integrated steel works and 3) utilization of low-grade waste 

heat in integrated steel works. 

In order to attain a desired goal, three Japanese companies; Nippon Steel Co. (NSC), 

Mitsubishi Heavy Industries, Ltd. (MHI), and The Kansai Electric Power Co., Inc. 

(KEPCO), collaborate on the technology development and has started a five years 

project since fiscal year 2004. 

In fiscal year 2005, on the basis of the results of fiscal year 2004, we strongly 

pushed forward our R&D activities toward the project’s goals. One of our research 

achievements was development of novel absorbents by efficient use of laboratory 

apparatus and bench-scale test equipments pulling out the blast furnace gas from 

integrated steel works. Another useful finding was shown in application study for iron- 

and steel- making process. Then, valuable results were also obtained in the recovery 

technology development for integrated steel works. The amount and cost of steam 

regenerated from the low-grade waste heat were estimated and the tests to develop 

technologies for the effective heat recovery were conducted. In addition, a scheme of a 

pilot plant for CO
2
 capture was studied. 

��Development of new absorbents

In succession of the last year, we tested and extracted more than 200 chemicals out 

of the known amine compounds. Through the laboratory test on reaction of these 

chemicals with CO
2
, rate and amounts of CO

2
 absorbed, heat of CO

2
 reaction and 

rates of CO
2
 desorption were measured.   

On the results of these examinations, properties of mixture of two amine 

compounds, which can make up each other, were examined. 

Last year, absorbent “RITE-3” and “RITE-3A”were developed. “RITE-3” could 

absorb large amount of CO
2
 and “RITE-3A” was developed to be high solvent 

concentration. 

This fiscal year, several good absorbent named “RITE-4” was selected with the 

view to improve CO
2
 absorption rate and to reduce the reaction heat value. 

From the test results of degradation and corrosion for the practical use, we 

confirmed RITE-3A shown excellent performances.   
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By results of a comparative test of RITE-3A with MEA as a standard solvent and 

KS solvent known as the best performances, carried out using blust-furnace gas in 

steel plant, it became clear RITE-3A will need more improvement because it was 

better than MEA, but worth than KS solvent in the energy needed to CO
2
 capture. 

After this, we are to continue evaluation on RITE-4 absorbents.   

Also we have conducted the theoretical analysis by the tools of quantum chemistry 

and molecular dynamics model to evaluate reaction energy of absorbents. Its 

analytical information will become helpful to develop and design new absorbents. 

��Application study for iron- and steel-making process 

It should be confirmed whether they damage the performance of absorbents and 

operating conditions because the blast furnace gas contains CO of 23%, small amount 

of H
2
S and COS as well as CO

2
 of 22%.

From the test results of degradation of absorbent performances, formation of small 

amount of heat stable salts and formic acid was confirmed. 

It is not critical level to damage absorbent performances but to continue to 

evaluate hereafter. 

It is also necessary to confirm the corrosion effect to the blast furnace piping 

materials because the blast furnace gas processed by CO
2
 capture system is utilized as 

fuel in steel works.  

Therefore, a corrosion test by the absorbents was carried out in this fiscal year. 

The results showed that the corrosion rate by RITE-3A and KS absorbents was 

about 20% of that of standard absorbents like MEA. Also, it concluded that the 

corrosion rate was increased in case that the pre-treatment of blast furnace gas was 

omitted.

3�System for energy utilization from low-grade waste heat 

A study was carried out on the potential amount of unutilized heat and the cost to 

generate steam for heat source to regenerate CO
2
 from absorbent, in succession of the 

last year investigation on the amount of waste heat sources in steel works.  

As a result, it became certain that the amount of waste heat in steel works where 

could produce 3.8 million tons of steel per year per single blust-furnace (annual 

amount of CO
2
 emission accounts for 7.6 million tons), could produce  the steam 

corresponds to capture about 1.0 million ton of CO
2
 per year at the cost of 

1,500¥/tonne-steam, which was the initial target value of this project.  

Through a small plant test to recover the heat from the slug sensible heat, which 
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occupies more than 30% of total waste heat in steel work, heat recovery process 

become feasible to application. 

We planned to establish the heat recovery technologies through large-scale plant 

test in the next year. 

Furthermore, an application research on the PCM (Phase Change Material) to 

apply for the heat transfer medium from the point sources of waste heat to CO
2

capture plant to supply at low cost was conducted. From this research, it became clear 

that the cheap PCM suitable to this system could not arrange, so we decided to stop 

further investigation. 

��Study on pilot plant test 

On the assumption to put pilot plant test in force, outline of test plan was studied. 

By this study, pilot plant scale was appropriate to have a capacity of 20 tonne-CO
2
/day, 

and the process flow and specification of main apparatus was discussed. 
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