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ABSTRACT

The sintering process is undergoing a transformation to meet future challenges, so a more profound understanding of the potential
influence of the individual recirculation gas constituents, in particular O,, CO, and H,O0, is essential. Within this paper, minia-
turized lab-scale sintering experiments are presented using an industrylike raw mixture, to study the effects of variations in the

individual O,, CO, and H,O supply on the sintering process and the sinter quality. As the O, content (up to 30 vol%) in the suction

gas increases, both sintering yield and strength increase, resulting in lower return rates, with more or less constant amounts of CO

in the off-gas. Productivity and sintering strength increase with increasing CO concentration, while the NO concentration in the
off-gas tends to be lower. With increasing H,O content, productivity and sintering strength increase with a significantly lower CO
concentration in the off-gas, due to the water-gas shift reaction taking place in the flame front. The results demonstrate the
potential of adjusting the raw mixture recipe by selectively modifying the recirculation gas, particularly towards a lower coke

breeze content. This would enable reductions in the specific emissions of CO, CO,, SO,, and NO per ton of product sinter.

1 | Introduction

Since 2020, production volumes in the iron and steel industry have
remained at 1.9 billion tonnes, with the majority of primary steel
production (just over 70%) being produced via the CO,-intensive
blast furnace—basic oxygen furnace (BF-BOF) route, resulting in
2.3 tonnes of CO, being released for every tonne of crude steel
produced (www.worldsteel.org). The ferriferous feed material
for the blast furnace is primarily produced in sinter plants, which
are responsible for 0.4 tonnes of CO,-eq per tonne of output [1].

Consequently, the iron and steel industry has the second highest
energy demand and the highest CO, emissions of all heavy indus-
tries worldwide, accounting for approximately 7% of the global
greenhouse gas emissions [2]. In order to achieve a climate-safe
future as required by the Paris Agreement, it is necessary to reach
net-zero emissions by around 2050 in every sector [3], including
the steel industry [4, 5]. Decarbonizing the steel industry is an

extremely challenging process, as certain carbon-based resources
are essential for high-temperature process heat and steel produc-
tion, and replacing them would be a major challenge [6]. In addi-
tion, the long-life plants in their production can further hinder the
progress needed to mitigate climate change through the carbon
lock-in effect [7].

Nevertheless, steel companies, especially in Europe, are endeav-
oring to switch to direct reduction plants and will do so in the
coming years. For infrastructural reasons, the transition from
the BF-BOF route to direct reduction plants can only take place
gradually, so that these two production routes will coexist and
potential synergies can be exploited. For example, an increased
use of oxygen as a by-product of electrolysis for hydrogen produc-
tion is possible. In addition, new types of metallurgical waste
gases, exemplified by those derived from direct reduction plants,
can be used. Furthermore, the scarcity of high-quality iron ore,
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attributable to an increased demand, will result in a correspond-
ing rise in price [8]. Consequently, low-grade ores will become a
viable option for direct reduction processes in the future.

Consequently, the sinter process, with selective waste gas recircu-
lation representing the state of the art [9], is undergoing a trans-
formation to meet future challenges. Thereby a more profound
understanding of the potential influence of the individual recircu-
lation gas constituents is essential, with particular emphasis on O,
CO, and H,0. Based on this knowledge, the composition of the
recirculation gas can be specifically adjusted in order to reduce
greenhouse gas emissions by lowering the coke breeze content
of the raw mixture. The typical composition of sinter recirculation
gas differs for each integrated steel mill, but generally comprises
the following: 15.0vol% O,, 0.5vol% CO, 5.0 vol% CO,, 8.0vol%
H,0, 150 mg NO Nm ™3, 300 mg SO, Nm™ at 120°C.

In the sintering process, the oxygen partial pressure in the suc-
tion gas significantly affects the combustion rate and the coke
breeze burnout characteristics [10, 11]. Several publications have
demonstrated that increasing the oxygen content to up to
30 vol.% can significantly improve key sintering parameters, such
as yield and strength [12-15].

Studies by Fan et al. and Zhang et al. show that the presence of
CO in recirculating gas is beneficial for sintering parameters, due
to increasing temperatures in the sintering bed, because of its
postcombustion with O, in the sinter zone [16, 17]. This reduces
coke breeze consumption [18], which subsequently leads to a
reduction in NO, and SO, emissions.

Zhang et al., Chen et al.,, and Fan et al. investigated the influence
of H,O content in recirculating gas on iron ore sintering and found
that sintering parameters increase with increasing H,O content
and further decrease when the content is above 5, 6, or 8 vol%,
respectively [16, 17, 19]. This is due to the water-gas shift reaction,
which enhances the combustion of coke [20]. In addition, consid-
erable energy savings and a reduction in pollutant emissions could
be achieved, which was also found by Wang et al. [21] This is
because the coke breeze content and fuel consumption can be
reduced with steam injection technology during sintering [22].

Fan et al. experimentally determined limit values for O,, CO, and
H,0 in the recirculating gas to ensure sufficient sintering quality,
whereby O, was only considered below 21vol% [16, 20]. The
composition of the circulating waste gas is proposed as follows:
17.0vol% O, 0.5vol% CO, 4.0vol% CO,, 4.9 vol% H,O at 250°C.

This paper aims to investigate the individual influence of a vary-
ing O,, CO, and H,O content in the suction gas on the sintering
process. Specifically, it examines the potential to reduce emis-
sions in interaction with specific sintering parameters in order
to achieve a consistent sintering quality. To this end, it is neces-
sary to refer to partially published data, particularly regarding the
O, variation [15], since O, significantly influences the combus-
tion front and offers considerable potential for optimizing the
combustion characteristics of coke breeze. The oxidation of
CO is exothermic [23], so an increase in the suction gas above
the existing level of 0.5vol% has a significantly positive effect
on reducing the demand for coke breeze. In the presence of
H,0 in the suction gas, the exergonic water-gas shift reaction
occurs with the CO formed in the combustion front and therefore
provides an energy contribution to the sintering process [23]. The
effects on the carbon burnout and the off-gas composition with
regard to the formation or inhibition of CO, CO,, and NO, as well

as the release of SO, are being analysed systematically. The nov-
elty of this manuscript lies in the investigation of an upwardly
expanded concentration range of the respective components in
the suction gas and considering the combined influence on sin-
tering parameters, such as yield, returns, and strength, selected
chemical analyses of the sinter, as well as off-gas emissions, par-
ticularly the influence on the behavior of CO, CO,, SO,, and NO.

2 | Material and Methods

The sintering experiments described are carried out using a min-
iaturized lab-scale sinter test facility (SASITE), in conjunction
with a synthetic gas mixing and processing unit. The core unit
of the test facility is the refractory ceramic tube with an internal
diameter of 80 mm and a height of 390 mm for the sinter bed,
which rests on a carrier disk and the hearth layer. The tempera-
ture in the sinter bed (T1-T7, thermocouples type N) and the
pressure loss before (cold flow permeability) and after the sinter-
ing experiments can be measured at up to seven positions equally
distributed over the height of the sinter bed. An additional ther-
mocouple is used to measure the off-gas temperature (T8, type
K) directly under the hearth layer. For the ignition an oxyfuel
burner (Oxipyr P-2035, Messer Austria GmbH) is used. An off-
gas suction system (rotary vane vacuum pump) with integrated
gas analysis for the off-gas components O,, CO, CO,, SO,, and
NO and a control and data acquisition system complete the setup.

A gas mixing unit (DV4-S-MK-T-2202-1, aDROP
Feuchtemesstechnik GmbH, Germany) is used to produce the syn-
thetic suction gas mixtures of O,, N, CO, CO,, NO, and SO, as
well as vaporized water (H,O) for the sintering experiments.
The homogenized and, if required, heated suction gas is fed to
the sintering bed via a heated transfer line and a heated gas hood,
which is positioned directly above the sintering surface.

The granulated raw mixture (green mixture) is produced in a two-
stage process with raw materials obtained directly from the indus-
trial project partner. In the first step, the raw materials are mixed in
an Eirich Intensive Mixer (RT05) according to a defined recipe (see
Table 1) to just below the target moisture content and packed in
airtight buckets of ~20kg each. For each sintering series, which
consists of three individual sintering experiments, the green mix-
ture from one bucket is used to exclude any influence of the mixing
on the three single experiments. In the second step, the moisture
content is precisely adjusted immediately before each sinter series
by adding water before mixing with a spiral stirrer for 45s.

Before each sintering experiment, the ceramic tube is filled with
150 g hearth layer. The remaining height of 390 £ 1 mm is suc-
cessively charged with green mix, as thermocouples, protected in
thin-walled alumina tubes, are embedded at selected points. The

TABLE 1 | Recipe of raw mixture for sinter series (wt%).
Iron ore 64.27
Returns 22.54
Coke breeze 4.94
Limestone 8.25
Target moisture (based on moisture mix) 7.10
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bulk density and the green bed pressure loss (cold flow perme-
ability) are then measured (see Table 2).

The ignition period of the burner lasts 60 s. Subsequent to ignition,
a constant superficial velocity of 0.81 +0.02m ' (at 25°C) is used.
The gas hood is placed on the sinter bed 60 s after the end of igni-
tion and removed when the burn-through point is reached. The
burn-through point is defined by the peak temperature under
the hearth layer. After the sintering experiment, the sintered mate-
rial is carefully dismounted from the ceramic tube, sieved using a
5 mm sieve, and weighed. The strength of the sinter with a particle
size larger than 5 mm is measured within 24 h after sintering using
the shutter test (JIS-M 8711).

In the sinter series presented, the oxygen content varies from 12
to 30 vol% and the carbon monoxide content from 0 to 3 vol% in
the suction gas at a temperature of 25 = 2°C. The moisture con-
tent varies from 0 to 14 vol% in the suction gas at a temperature of
150 + 2°C, with oxygen and nitrogen being reduced at a constant
ratio. Although the selected concentration ranges of the individ-
ual components significantly expand the typical composition of
sinter recirculation gas, they could be relevant in future plant
networks, especially those involving direct reduction plants in
integrated steel mills. A concentration of 12 vol% O, in the recir-
culation gas represents the lower limit for sufficient sintering

[15]. A concentration of 30 vol% can be achieved using O, from
electrolysis or from conventional air separation plants if it is cost-
effective, for example, due to lower CO, emissions. CO can be
added to the recirculation gas by mixing in CO-rich steel mill
gases. H,O can be injected directly into the hot recirculation
gas. Table 2 shows the corresponding suction gas compositions
of the sinter series carried out as well as the averaged results of
the bulk density and the green bed pressure loss (cold flow per-
meability). The initial moisture content of the green mix was
7.2 0.1 wt% for all sinter series.

Jan Eisbacher-Lubensky et al. provide detailed descriptions of the
sinter test facility in combination with the gas mixing station, the
experimental procedure, additional chemical analysis methods,
and results of the chemical composition of the raw materials
for the green mixture [15].

3 | Results and Discussion
3.1 | Effects of O, Variation

Figure 1 shows the results of yield, returns, and loss of mass (grey
bars on the left y-axis) and heat transfer front speed, productivity
and sinter strength on the right, of the oxygen variation at a

TABLE 2 | Suction gas composition of sinter series and averaged results of the bulk density and green bed pressure loss (cold flow permeability).

Green bed pressure

0,/vol% CO/vol% H,0/vol% N,/vol% T/°C Bulk density’/kg m™3 loss’/Pa m™
12-30 — — 88-70 25 1812 * 20 7387 + 532
21 0-3 — 79-76 25 1808 + 20 8042 + 552
21-18.1 — 0-14 79-67.9 150 1802 * 11 8330 =+ 661

“Bulk density is determined in sinter column before each sintering experiment;.

PAveraged values over measuring points of sinter bed normalized to 1 m, measured prior to sintering experiment with a superficial velocity of 0.83 £ 0.02m s™" (at 25°C).
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FIGURE 1 | Yield, returns, and loss of mass of sinter series with varying O, supply including heat transfer front speed, productivity and sinter

strength. Adapted with permission [15]. Copyright 2025 by J. Iron Steel Res. Int.
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temperature of 25°C. The loss of mass slightly increases linearly
from 9.5 £+ 0.7 to 10.3 = 0.4 wt% at 12-30 vol% O, in the suction
gas, mainly due to the increasing carbon burnout and the calci-
nation effect (see Figure 2). The carbon content in the sintered
material, which is predominantly found in the returns, increases
with decreasing O, supply and, according to TGA analyses, this is
elemental carbon [15].

The results in Figure 1 also show that all key sintering param-
eters improve with increasing O, supply. The yield increases and,
conversely, the proportion of returns decreases. In addition, the
heat transfer front speed increases, which also increases produc-
tivity. The sintering strength also increases.

The improved coke breeze burnout with increased oxygen partial
pressure is also reflected in the off-gas analysis (see Figure 3), in
which the cumulated mass of the off-gas components CO, CO,,
SO,, and NO over the total test period time of 1200s is plotted
for the sinter series at 12-30vol% O, in the suction gas. While

15
| —=— C (>5 mm)
—0—C (<5 mm)
10 |-
< L
3
o L
05 |
00 LEF R r—— R L B

12 15 18 21 24 27 30
0,/vol.%
FIGURE 2 | Total carbon content (C) of sinter fractions>5 and

<5 mm of sinter series with varying O, supply. Adapted with permission
[15]. Copyright 2025 by J. Iron Steel Res. Int.
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FIGURE 3 | Cumulated masses of off-gas components NO, SO,, CO,
and CO, over total test period of 1200s of sinter series with varying O,
supply; error bars included for all series. Adapted with permission [15].
Copyright 2025 by J. Iron Steel Res. Int.

the summed CO values remain almost stable over the analysed
oxygen range, the summed CO, values increase slightly from
527 = 22 to 609 + 33 g CO, at 12-30vol% O,. There is also a con-
tinuous increase in the summed SO, and NO values at 15 to 30 vol%
O,, with a significant drop below this level.

3.2 | Effects of CO Variation

The variation of the CO supply in the suction gas at a tempera-
ture of 25°C leads to a slight increase in yield from 70.6 £ 2.0 to
71.9 + 2.9 wt% at 0 to 3vol% CO, with almost constant loss of
mass (see Figure 4). The burn-through point shifts forward with
increasing CO content up to 1vol% and slightly backwards with
increasing CO content, presumably due to higher off-gas temper-
atures (see Figure 5), so that the heat transfer front speed, which
is calculated using the sintering time on the basis of the burn-
through point, first increases and then decreases slightly. The
average temperature profiles in the sinter bed at different heights
reveal a longer dwell time within melt phase formation
(>1100°C) and less gradual cooling as the CO content increases.
This, in turn, leads to increasing sintering strength with increas-
ing CO content in the suction gas.

The results of the off-gas analysis in Figure 6 show that the con-
centration of CO in the off-gas increases marginally with an
increase in the CO supply. The majority of the additional CO
introduced with the suction gas is oxidized to CO,, which can
also be seen from the lower residual O, levels in the off-gas
(see Figure S1). With an increasing CO supply, the lower oxygen
partial pressure in the off-gas also tends to lead to lower NO for-
mation. However, SO, release appears to be slightly favored with
increasing CO content.

3.3 | Effects of H,0O Variation

When interpreting the following results, it should be noted that an
increase in H,O supply leads to a slight decrease in the O, content
of the suction gas due to the dilution effect. The yield increases only
slightly, if at all, with an increase in the H,O supply in the suction
gas up to 9 vol% H,O (see Figure 7). Accordingly, the returns show
no significant changes, although the loss of mass increases slightly
up to 9vol% H,O. Above 9vol% H,O, there are slight fluctuations
in yield and returns. However, there is a significant increase in the
heat transfer front speed with increasing H,O content. This also
significantly increases productivity. Above 6 vol% H,O, both the
heat transfer front speed and the productivity do not show a
continuous trend. There is also an increase in sinter strength from
71.8 £ 0.8 to 77.6 £ 1.3 % at 0-6 vol% H,O0, although the tempera-
ture profiles show a similar curve (see Figure 8). It can only be
observed that the temperature profiles T2 and T4 remain at the
level of the suction gas inlet temperature of 150°C during cooling,
until the gas hood is removed when the burn-through point is
reached. Above 6vol% H,O, the strength does not increase any
further. Based on the temperature profiles in Figure 8, one might
expect the strength to increase further at 9 vol% H,O. At 12 and
14vol% H,0, the temperature profiles are similar, but there is
no further increase or broadening.

In Figure 9, the cumulated mass of the off-gas components are
depicted for the sinter series at 0-14 vol% H,O in the suction gas.
The summed CO values decrease sharply in the range from 0 to
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3vol% H,0 and further decrease slightly but continuously from
67.1 = 2.8 to 62.8 = 1.5g CO at 3 tol4 vol% H,O. An opposite
behavior is shown by the summed CO, values, which rise sharply
in the range from 0 to 3vol% H,O, then increase slightly with
increasing rise above 9vol% H,O. This can be attributed to
the water-gas shift reaction occurring in the flame front (see
Equation (1)). The water-gas shift reaction is exergonic and there-
fore provides an energy contribution to the sintering process. In
addition, the lower oxygen partial pressure limits the oxidation of
CO due to dilution with gaseous H,O. However, this effect is
much less pronounced, as can be seen from the O, variation
results (see Figure 3). The summed SO, values increase slightly

and CO, over total test period of 1200s sinter series with varying CO
supply; error bars included for all series.

with increasing H,O supply up to 6 vol% and then remain stable,
while no trend can be observed for the summed NO values. A
comprehensive and detailed presentation of the off-gas tempera-
ture and species profiles for this sinter series can be found in the
supplementary material, in Figure S2.

CO+H,0 = CO,+H, AG®=-286kimol"! (1)

3.4 | Potential to Reduce Emissions by Regulating
02, CO, and H20

With regard to a reduction in emissions, the results of the O, var-
iation allow a considerable reduction in coke breeze with an
increased O, content of 30 vol% in the recirculating gas, without
a deterioration in the sintering parameters compared to the ref-
erence test series with 21vol% O,. Overall, this leads to lower
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FIGURE 8 | Average temperature profiles in sinter bed at a height of
100 (T2), 200 (T4), and 300 mm (T6) from top of ceramic tube (sinter bed)
as well as of off-gas under hearth layer of sinter series with varying H,O
supply; mean values from three repeated test runs.

concentrations of CO, CO,, SO,, and NO in the off-gas, as less
coke breeze is used. On the basis of the available data, a reduction
in CO,, SO,, and NO emissions of 5.3%, 2.8%, and 8.6%, respec-
tively, can be achieved with 30 vol% O, compared to the reference

H,O/vol.%

FIGURE 9 | Cumulated masses of off-gas components NO, SO,, CO,
and CO, over total test period of 1200s of sinter series with varying H,O
supply; error bars included for all series.

test series with 21 vol% O,. However, the reduction in SO, and
NO emissions is essentially dependent on the chemical compo-
sition of the coke breeze used [24]. It must also be taken into
account that reducing the coke breeze content leads to changes
in the combustion characteristics and temperature profiles
throughout the sintering bed, which in turn influences the

steel research international, 2026

85U8017 SUOWILIOD BAITE1D) 3|edldde ayp Aq peulsnob are saoile O ‘sn JO Sa|nJ o} Afeiq8UIIUO 3|1 UO (SUONIPUOD-PUB-SWLY/LIOY" A3 1M ARe.d 1[I |UO//SANL) SUORIPUOD PUe SWB | 3U188S *[9202/£0/20] UO ARiq18uluo A8|IM B 1ISNYBURI00D AQ 8E0T0SZ0Z ULS/Z00T OT/I0p/L0o A8 | Afelqjpul|uoy/Sdny Wo.j papeojumod ‘0 ‘Xyye698T



formation and release of emissions. Since modern sintering
plants operate with an O, content of around 15 vol% in the recir-
culation gas, any increase in the oxygen partial pressure has a
positive effect on the sintering process and, allowing the content
of coke breeze in the raw mixture to be reduced.

Increasing the CO content in the recirculating gas above the usual
level of ~0.5vol% also leads to a positive effect. Even if the heat
transfer front speed decreases slightly above 1 vol% CO, productiv-
ity remains more or less unchanged, while sintering strength
increases simultaneously. In order to avoid a broadening of the
temperature profiles or even a separation of the solid and gaseous
fuels flame front, a pulsed or staged addition of CO over the length
of the sintering belt can also be considered [25]. Nevertheless, this
enables a further reduction in the coke breeze content, although
the interaction of a reduction in the coke breeze content in com-
bination with an increase in the CO content still needs to be inves-
tigated in detail. In any case, this leads to a reduction in CO, as
well as SO, and NO emissions.

An additional increase in the usual H,O content of ~8 vol% in the
recirculating gas has no serious positive effect on the off-gas
composition.

In terms of practical application, it is crucial to consider the inter-
action between O,, CO, and H,O, since these gases are always
present together and significantly influence the sintering process.
A notable synergy emerges when H,O and CO are present in the
recirculation gas, as the reaction zone for the water-gas shift reac-
tion can be extended to the area in front of the combustion zone
in the flame front. Additionally, Fe,O5 exhibits a catalytic effect,
accelerating the reaction at temperatures above 250°C [26]. The
extent to which this represents a possibility for reducing the pro-
portion of coke breeze in the green mixture must be investigated
separately. A further positive influence may result on the degree
of reduction of the sintered iron ore, as the hydrogen formed con-
tributes to the prereduction (see Figure S3) and an increased CO
content in the recirculating gas reduces the tendency to reoxidize
after the flame front. O, and CO complement each other in that
an increased O, content promotes CO oxidation, as can also be
seen from the O, variation (see Figure 3). No synergy effect can
be derived for O, and H,O. Taking all three components into
account would result in competing reactions, since CO reacts
with both O, and H,0. Due to the complexity of all processes
involved in sintering, the data provided in the manuscript does
not allow any conclusions to be drawn about the optimal propor-
tions of O,, CO, and H,O in the recirculation gas. The influence
of other components in the recirculation gas, such as NO, SO,,
and CO,, must also be considered.

Further consideration should also be given to adjusting the recir-
culation gas individually via the length of the sintering belt. For
instance, raising the O, or CO content of the recirculating gas
improves the quality of sintering in the top third of the sintering
bed, which is generally of lower quality. Since the iron ore is pre-
reduced by the reducing recirculation gas composition before the
flame front [15], reducing the oxygen partial pressure and
increasing the CO and, potentially, the H,O content of the recir-
culation gas in the final third of the sintering machine could pos-
itively impact the degree of reduction of the sintered iron ore.
This would reduce the amount of reducing agent required by
the downstream reduction unit (the blast furnace, or perhaps
a direct reduction shaft in the future).

4 | Conclusion

The individual influence of a varying O,, CO, and H,O content in
the recirculation gas on the iron ore sinter process was studied by
miniaturized lab-scale sinter experiments. The O, content in the
suction gas was varied in the range from 12 to 30 vol%, the CO
content from 0 to 3 vol%, and the H,O content from 0 to 14 vol%.
The main findings of this study are as follows:

1. Anincreased O, content of up to 30 vol% in the suction gas
leads to an improvement in yield, heat transfer front speed,
productivity and also strength, which can be attributed to
improved carbon burnout. In the off-gas, this leads to con-
stant CO amounts over the analysed oxygen range, whereas
CO,, SO,, and NO increase with increasing O, supply.

2. As the CO content increases, the dwell time in the zone of
melt phase formation is extended, which increases the
strength but also the yield, while the loss of mass remains
stable. While the CO amount in the off-gas increases only
marginally with higher CO supply, the CO, amount
increases accordingly. NO in turn tends to decrease and
SO, release appears to be slightly favored.

3. With increasing H,O content up to 6 vol%, the heat transfer
front speed and thus the productivity increase, whereas the
yield only increases slightly. The strength also increases sig-
nificantly up to 6 vol% H,O, whereby the temperature dis-
tribution in the sintering bed exhibits similar behavior. The
CO amount in the off-gas decrease sharply up to 3 vol% H,0
and then decrease slightly, whereas CO, shows the opposite
trend. SO, increases slightly with increasing H,O supply up
to 6 vol% and then remain stable, while no trend can be
observed for NO.

4. Any increase in the O, supply has a positive effect on the
sinter. This means that the proportion of coke breeze in the
raw mixture, and consequently the emissions, can be
reduced while maintaining the same sintering quality.
Increasing the CO content up to 3vol% can also reduce
the coke breeze content. This, in turn, leads to a reduction
in emissions, particularly of NO. An increased H,O content
reduces the CO content in the off-gas due to the water-gas
shift reaction, which is why their interaction should be the
subject of more detailed research. In addition to the possi-
bility of reducing the coke breeze content, a positive effect
on the reduction degree of the sinter can also be observed.
The interaction between O,, CO, and H,O is crucial to con-
sider, since these gases are always present together and sig-
nificantly influence the sintering process. The impact of
other components in the recirculation gas, such as NO,
SO,, and CO,, must also be taken into account.
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Supporting Information

Additional supporting information can be found online in the Supporting
Information section. Supporting Fig. S1. Temperature and species profiles
for sinter series with 0 to 3 vol% CO in suction gas; three repeated test runs
per diagram. Temporal evolution of off-gas temperature is indicated directly
under hearth layer as well as trend of off-gas components (SO,, CO, CO,,
NO and residual O,); dark grey lines show the pressure loss across sinter
bed. Supporting Fig. S2. Temperature and species profiles for sinter series
with 0 to 14 vol% H,O in suction gas; three repeated test runs per diagram.
Temporal evolution of off-gas temperature is indicated directly under
hearth layer as well as trend of off-gas components (SO,, CO, CO,, NO
and residual O,); dark grey lines show the pressure loss across sinter
bed. Supporting Fig. S3. Selected parameters of chemical analysis
(Fe** and Fe* normalized to 100% TFe by Zimmermann Reinhardt
method) of sinter fraction > 5 mm for sinter series with 0 to 14 vol%
H,O0 in suction gas.
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