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Abstract:
The JFE Group has developed a high-temperature 

gasifying and direct-melting furnace as a completely 



JFE TECHNICAL REPORT No. 10 (Dec. 2007) 49

Automatic Combustion Control for a Gasifying and Direct Melting Furnace

combustion furnace, not shown in the fi gure, is located 
next to the high-temperature gasifying and direct melt-
ing furnace. The introduction of oxygen-enriched air 
from the main tuyeres promotes high-temperature com-
bustion in the high-temperature combustion and melting 
zone at the lower segment in the furnace, thus melt-
ing the non-combustible components of the wastes as 
slag. The slag can be tapped continuously, as shown in 
Photo 1. Continuous tapping is an extremely attractive 
feature for operators, as it reduces the operational load 
to far lower levels than can be expected with intermit-
tent tapping. The introduction of air from the sub tuy-
eres and the combustion gas from the high-temperature 
combustion and melting zone maintain the combustion 
at a temperature of about 600°C in the partially fl uidized 
gasifying and pyrolysis zone at the middle segment in 
the furnace, thus drying and pyrolyzing the wastes. The 
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(1) air temperature, (2) oxygen percentage, (3) total 
oxygen, (4) throughput of waste, and (5) coke ratio. The 
observation variables are (1) the temperature of the mol-
ten slag, (2) the height of the charged waste, and (3) the 
temperatures of the respective parts of the furnace. The 
control target is to keep the molten slag at a constant 
reference temperature. The long and variable residence 
time constitutes the biggest challenge in controlling the 
temperature of the molten slag, as the control action 
is not refl ected immediately in the state and the system 
tends to overshoot and lose stability.

To avoid overshoots and instability, the system 
employs a method of rule-based control based on online 
model predictions, as shown in Fig. 2. In addition to the 
various kinds of present process values, the predicted 
values from the online dynamic model of the plant are 
taken into account.

3.3 Waste Tracking Model

Figure 3 is a conceptual diagram of a waste track-
ing model. The waste charged in for a specifi c period of 
time, for example, in 5 minutes, is treated as a cell or 
a layer. The weight (waste, coke, lime), percentage of 
each component (parts that can be dry-distilled, fi xed 
carbon, moisture, and ash) and bulk density are taken 

into consideration as attributes of a cell. The weight can 
be actually measured when the waste is charged into the 
furnace, and the other values are treated as constants. 
The fi xed carbon component at the bottom of the furnace 
loses volume mainly via oxidization. The ash component 
also loses volume, via melting in proportion to the oxi-
dization. As a result of moisture evaporation, dry distil-
lation, melting, and discharge at the main tuyere point, 
each cell loses volume and moves downward. The pile 
height is calculated from the thickness of each cell. 

3.4 Heat Transfer Model

The waste charged in from the top descends from 
a partially fl uidized gasifying and melting zone to a 
high-temperature combustion and melting zone. As it 
descends, it undergoes a heat exchange with the high-
temperature gas traveling up through the furnace. As 
a result of this heat exchange, the temperature of the 
descending waste rises and the incombustible compo-
nent melts.

This model of heat transfer in the countercurrent 
fl ow (Fig. 4) calculates the heat exchange of the charged 
waste, a coke layer, and high-temperature gas, and esti-
mates and predicts the temperature of the waste and the 
coke layer. 

The assumptions of this model are as follows:

・ The gas fl ow is steady.
・  The gas flow rate is constant at all points in the 

furnace.

・ The specifi c heat of the waste is constant.
・  The reaction at the main tuyere is described by 

2C+O2→ 2CO.

・ All O2 reacts at the main tuyere.
・  The reaction at the sub tuyere is described by 

2CO+O2→ 2CO2.

・  The heat transfer coeffi cient in cells containing water 
differs from that in cells without water.  
The model shown in Fig. 4 considers the heat 

exchange of the high-temperature gas and the cell with 
a height dz. As the velocity of the gas fl ow is quite high 
relative to the velocity of the waste fl ow, the gas tem-
perature is treated as a function of height and only the 
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waste coke ratio. In this case, the quantity of oxygen 
should also be changed in order to keep the pile height 
at the same level. It is important to note here that the 
oxygen should never be increased while the waste coke 
ratio is being adjusted. Doing so would reduce the pile 
height, which in turn would lead to an unwanted reduc-
tion in the slag temperature. Instead, the oxygen should 
be increased when the point of ratio change reaches the 
main tuyere. The above-mentioned waste-tracking model 
calculates the optimal timing for the oxygen increase.

4. Operation Result of the Developed ACC

Figure 8 shows the difference in slag temperature 
with and without application of the ACC. The horizontal 
and vertical axes of Fig. 8 represent the molten slag tem-
perature and the frequency distribution of the tempera-
ture measured every 5 seconds for 24 h, respectively. 
As the fi gure shows, the frequency distribution narrows 
as the temperature deviation shrinks. The top graph in 
Fig. 8 shows the results of the No. 1 furnace operated 
manually, and the middle graph shows the results of the 
No. 2 furnace operated with the ACC. The bottom graph 
shows the results of the No. 2 furnace operated manually 
four days after the operation plotted in the middle graph. 
In each case, the waste property was basically the same. It 
turns out that the slag temperature distribution is smaller 
with ACC than with operator operation. The standard 
deviation of the slag temperature is 90.5 degrees with 
the ACC and 109.3 degrees without the ACC. Under the 
ACC control mode, the temperature remains high, at 
around 1 773 K, and continuous tapping was maintained 
perfectly without disruption. The results indicate that 
the ACC can stabilize the slag temperature and thereby 
reduce the workload of human operators.

Y e s

Y e s Y e s Online ModelIncrease coke to compensate 

necessary calorieIncrease set value of air temperature

Temperature: recovered?Increase oxygen percentageIncrease cokeWait till the point reach the bottomIncrease oxygenWait for certain timeIncrease coke to compensate 

necessary calorieSet air temperature and oxygen percentage 

to original value

Increase oxygenWait till the point reach the bottomW


