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Works. It was installed at each blast furnace in order to 
strengthen heat level control, and as a result, stable pro-
duction of low-Si hot metal became possible. In October 
1997, the Fukuyama Works achieved a world record in 
terms of Si content (less than 0.2%) averaged across the 
entire hot metal produced over a month by a steelworks.
 In terms of prolonging blast furnace life, refractory 
properties and cooling systems have steadily improved. 
These improvements were successively applied when blast 
furnaces were relined. Technical improvements have also 
been made in terms of repairing the shaft and bosh sec-
tions while blast furnaces are in operation. As a result, the 
Fukuyama No.5 blast furnace, which began operations in 
1986, is still working after 17 years. This is remarkable 
when contrasted with those blast furnaces that began op-
erations in the 1970’s whose working life was a mere five 
to seven years (Fig.2). Some of the old blast furnaces 
achieved productivity levels of 1.9 t/d-m3 and PCR (Pul-
verized Coal Rates) of 170 kg/t, making large contribu-
tions to productivity increase. 
 
 
 
 
 
 
 
 
 
 

Fig.2 Transition of NKK’s blast furnaces life 

 The furnace life prolongation technologies developed in 
the 1990’s include the new technology for replacing the 
bosh cooling staves and the newly developed, long lasting 
copper cooling staves5). The latter will be described later. 
In 1999, all 60 cooling staves were replaced by cast copper 
cooling staves at the Fukuyama No.4 blast furnace. The 



Ironmaking Technologies Contributing to the Steel Industry in the 21st Century 

NKK TECHNICAL REVIEW No.88 (2003) –12– 

deal with the problem that using large amounts of ore with 
high combined water content tends to lower the sintering 
yield. Fig.4 shows the transition of the mixing ratio of pel-
let feed and ore with high combined water content as well 
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Fig.7 Transition of COG and steam recovery (Keihin) 

 In order to increase the amount of COG recovery, in-
creased use of coal with a high volatile content was pro-
moted. At the same time countermeasures were taken 
against carbon adhesion to the carbonization chamber 
walls. In CDQ steam recovery, air injection into the CDQ 
system was optimized by performing 3-D numerical 
analysis and introducing real-time models13). 
 Constructing a new coke oven battery entails a huge 
capital investment, so it is important to prolong the life of 
a coke oven. This aspect has been attacked on two fronts: 
developing techniques for repairing coke ovens and for 
diagnosing oven life. Typical new technologies developed 
for the former are as follows:
(1) Hot repair technique for oven walls. Parts of the re-
fractories that make up the oven wall are replaced while 
the oven is still hot. 
(2) Large-scale thermal spray technique for smoothing re-
fractory surfaces that have become uneven due to degrada-
tion, and for plugging small penetrating holes. (This tech-
nology was jointly developed with other companies.) 
 In order to diagnose oven life, various sensors have 
been developed and a database constructed (Fig.8). Based 
on these, it is planned to develop an optimal repair 
method. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.8 Sensors installed for facilitating efficient oven repair 

3. 
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furnace in April 1994. Subsequently, all NKK’s blast fur-
naces were equipped with it, making a large contribution 
to a massive PCI operation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.2 Sinter properties optimized to massive PCI 

operation
 Reduction degradation of sintered ore tends to be caused 
in the blast furnace’s upper zone due to low temperatures 
in this zone. As the massive PCI operation lowers the heat 
flux ratio, this low-temperature zone is narrowed, sug-
gesting that the reduction degradation of sinter could be 
weakened by a massive PCI operation. In order to obtain 
sinter properties optimized to a massive PCI operation, at-
tempts were made at the Fukuyama Works to lower the 
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4. Low-Si hot metal production technology 
 In recent years, further reduction of the consumption of 
flux materials and ferroalloys in the steelmaking process 
has been required, as well as the reduction of slag genera-
tion, and zero slag operation of converters is increasingly 
desired. In response, NKK’s ironmaking division has tried 
to reduce the Si content in hot metal being sent on to the 
steelmaking process. Two approaches were tried: the first 
was to reduce the Si content in hot metal before tapping; 
the second to reduce Si content after hot metal has been 
tapped from the blast furnaces.
4.1 Developing FIMPIT4) and reducing Si content 

in hot metal 
 It is important to determine the heat level in a blast fur-
nace accurately and in real-time in order to reduce Si con-
tent in hot metal before it is tapped. For doing so, it is 
necessary to be able to measure the hot metal temperature 
directly immediately after it has been tapped from a tap 
hole. However, the tap hole surroundings is a severe envi-
ronment with high-temperature hot metal spouting from 
the blast furnace, and it has been extremely difficult to di-
rectly measure the temperature.
 A new technology using optical fibers has been devel-
oped by NKK for directly measuring the temperature of 
hot metal immediately after it has been tapped. This new 
FIMPIT technology allows the direct measurement of hot 
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 In this process, the anti-foaming flux is directly charged 
into the hot metal ladle and reacts efficiently in the ladle, 
suppressing the generation of CO gas that causes foaming. 
This process also allows for the steady injection of large 
amounts of desiliconization flux, making desiliconization 
more efficient. With this process, the hot metal already has 
a fairly low Si content when it is sent to the steelmaking 
process, and contributes to the achievement of a 100% 
zero slag steelmaking operation. 

5. Recycling businesses applying ironmaking 
technologies 

 Since the second half of the 1990’s, efforts have been 
concentrated on applying ironmaking technologies to the 
development of new environmental businesses. Recycling 
businesses currently being carried out by the ironmaking 
division are introduced below.
5.1 Waste plastics injection into blast furnace 

feeding 
 Before starting up the waste plastics feeding system for 
the Keihin No.1 blast furnace, the effects on the blast fur-
nace were investigated using the operating furnace18). 
Fig.16 shows the results of photographing the interior of 
the tuyere using a high-speed camera (13500 frames/sec) 
during waste plastics injection. Two types of waste plas-
tics, with different grain sizes, were injected. For com-
parison, the state during pulverized coal injection is shown 
as well. When pulverized coal was injected, the combus-
tion flame was observed immediately after injection. In 
contrast, plastics with a large grain size did not start com-
busting immediately. 
 
 
 
 
 
 
 
 
 
 As shown in Fig.17, the H2 concentration in the furnace 
top gas was higher when plastics were injected as com-
pared to that during conventional operations. Moreover, 
the difference in the two measurements with or without 
plastics injection became larger, nearer to the furnace cen-
ter. These observations suggested that injected plastics 
remain swirling in the raceway for a certain period of time, 
and then are gasified near the far end of the raceway. Thus, 

it was found that the combustion gasifying rate could be 
increased by controlling the grain sizes of waste plastics 
within an appropriate range. 
 
 
 
 
 
 
 
 
 
 
 
 It was also verified that the amount of tar contained in 
the dust discharged along with the furnace top gas was at 
the same level as that in conventional operations thus pos-
ing no problems in furnace operations. Based on these re-
sults, Japan’s first waste plastics injection operation began 
in 1996 at the Keih




