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Abstract: Reducing NO, emission of iron ore sintering process in a cost effective manner is a challenge for the iron and steel industry at
present. Effects of the proportion of mill scale and coke breeze on the NO, emission, strength of sinter, and sinter indexes were studied by com-
bustion and sinter pot tests. Results showed that the peak value of NO concentration, total of NO emission, and fuel-N conversion rate gradu-
ally decreased as the proportions of the mill scale increased because NO was reduced to N, by Fe;O,4, FeO, and Fe in the mill scale. The
strength of sinter reached the highest value at 8.0wt% mill scale due to the formation of minerals with low melting point. The fuel-N conver-
sion rate slightly fluctuated and total NO, emission significantly decreased with the decreased proportions of coke breeze because CO forma-
tion and content of N element in the sintered mixture decreased. However, the sinter strength also decreased due to the decrease in the amount
of the melting minerals. Furthermore, results of the sinter pot tests indicated that NO, emission decreased. The sinter indexes performed well

when the proportions of mill scale and coke breeze were 8.0wt% and 3.70wt% respectively in the sintered mixture.
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1. Introduction

As crude steel production gradually increases in China,
NO, emissions of iron and steel industry increase annually,
thereby causing environmental pollution in forms such as
acidic rain and photochemical smog, which are hazardous to
human health and social development. The iron and steel
manufacturing industry is an important source of NO, emis-
sion, whose NO, emission accounts for over 6% of that from
all industries in China [1-3]. Moreover, approximately 50%
of the NO, emission of the steel industry was from sintering
[3—6]. Thus, reducing NO, emissions in the sintering process
is needed to ensure environmental protection.

NO, is the fuel-NO, type during the sintering process and
is mainly generated through the combustion of solid fuels
such as coke breeze and anthracite. NO represents the major-
ity of fuel-NO,, accounting for approximately 95wt% [7-9].
NO, emission in the sintering process is mainly related to the
formation and reduction of NO. In recent years, many stud-
ies have been conducted on inhibiting nitrogen oxidation and
promoting NO reduction in the sintering process. For in-
stance, some researchers [10—14] found that the existing state
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of coke breeze remarkably affects its combustion behavior
during sintering; the percentage of C-type coke and combust-
ibility of coke increased, whereas the NO emission de-
creased due to the transformation of S-type coke to S'-type
coke. Other researchers [15-20] studied the influences of
coke breeze particle size on the CO and NO concentrations
during the combustion process and found the existence of an
appropriate size. Studying the effects of lime-coating coke on
the NO, concentration, references [21-25] found that CaO in-
hibited the coke combustion at low temperature and pro-
moted coke combustion at high temperature. Pan [15], Gan
et al. [26-28], and Morioka et al. [29] observed that calcium
ferrite minerals could promote the reduction of NO to N, by
CO, resulting in reduced NO, emission. NO, was also re-
duced to N, by the transition metals or their oxides. Xiong
et al. [30] found that the decomposition of NO to N, was pro-
moted by TiO, or V,0; of iron ore. Wu ef al. [31] and Reddy
and Khanna [32] also observed that NO was reduced to N, by
Fe;0,, FeO, and Fe. Kasai et al. [33] proposed the reduction
of NO, emission by pre-mixing metallic iron or iron ore with
coke breeze. Nakano et al. [34] found that a decrease in fuel
nitrogen in the sinter mix was due to substitution of metallic
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iron for coke breeze, thereby reducing the NO, emissions in
the sintering process.

Although the aforementioned studies have clarified the re-
duction of NO to N, by iron oxide and NO, emission was re-
duced by substituting metallic iron for coke breeze, further
work is necessary because the influences of metallic-iron
bearing resource on the NO, reduction process and the sinter
indexes are complex. Mill scale is an inexpensive metallic-
iron bearing resource that contains Fe,0;, Fe;0,, FeO, and
Fe. Thus, this study aims to reduce the NO, emission during
the sintering process by adding mill scale into the sinter mix-
ture. The influences of the proportion of mill scale and coke
breeze on the NO, emission, sinter strength, and sinter in-
dexes were studied through combustion and sinter pot tests.
Suitable proportions of the mill scale combined with the coke
breeze were proposed to reduce the NO, emission.

2. Experimental

2.1. Raw materials

Raw sinter materials, which contained iron materials
(blend ore and return fine), fluxes (quicklime, limestone,
dolomite, and serpentine), and coke breeze, were obtained
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from a sintering plant in China. Chemical components of the
raw materials are shown in Table 1. Proximate and ultimate
analyses of coke breeze are listed in Table 2. Mass fractions
of fixed carbon, volatile, and N element were 85.55%,
1.25%, and 0.97%, respectively. Net calorific value was
29313 kJ/kg. The mill scale formed in steelworks was dried.
The chemical compositions of the mill scale are presented in
Table 3. The contents of FeO and iron metal were approxim-
ately 60.00wt% and 4.57wt%, respectively. The X-ray dif-
fraction result in Fig. 1 shows that the mill scale contains iron
metal (Fe) and all three oxides of iron, namely, hematite
(Fe,03), magnetite (Fe;O,), and wustite (FeO).

Table 1. Chemical composition of raw materials wt%
Raw material TFe FeO SiO, CaO ALO; MgO LOI
Blend ore 60.65 0.74 4.19 0.57 152 0.19 5.85
Quicklime 0.00 0.00 3.59 86.59 0.00 0.00 7.10
Limestone 0.00 0.00 0.55 5493 026 0.44 43.53
Dolomite 0.00 0.00 1.43 31.13 0.34 20.23 45.60
Serpentine 0.00 0.00 38.44 2.46 0.94 37.53 13.57
Return fine 57.27 9.07 5.04 956 1.80 1.64 0.00
Coke breeze 049 0.00 596 042 388 0.11 87.93

Note: LOI-loss of ignition.

Table 2. Proximate and ultimate analyses of coke breeze

Proximate analysis / wt%

Ultimate analysis / wt%

Net calorific value / (kJ-kg™")

Fixed carbon Volatile Ash Moisture H N
82.19 1.25 12.63 3.93 85.55 0.11 0.97 29313
Table 3. Chemical composition of mill scale wt% the total NO, from the sinter plant, the effect of mill scale on

TFe FeO Fe SiO, CaO ALO; MgO S P,0s Oil
71.02 60.00 4.57 1.60 297 0.72 1.03 0.02 0.02 5.10
Note: TFe—Total content of Fe element.
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Fig. 1. XRD analysis of mill scale.
2.2. Methods

2.2.1. Combustion test
As the fuel-NO, accounted for approximately 80wt% of

the coke combustion was studied. The combustion test was
conducted using a horizontal furnace. A schematic of the
combustion equipment is shown in Fig. 2. Samples were
placed in a quartz tube with $20 mm x 27 mm and then
placed on a porous gasket. The coke breeze, mill scale, and
alumina balls were screened to 1.8-2.0 mm. The mixture in-
cluded 0.2 g coke breeze and 0.8 g mill scale or alumina
balls. Before the test, the furnace was programmed to 1553 K
at the heating rate of 10 K/min. The quartz tube was moved
into the middle of the horizontal furnace at 7 cm/min, main-
tained for 5 min at object temperature, and then removed at
9.8 cm/min. The temperature of the sample is shown by ther-
moscouple-2 in Fig. 3. The air flow was 2 L/min during the
test. The compositions of NO, CO, O,, and CO, in off gas
were analyzed by flue gas analyzer (MRU OPTIMA 7, Ger-
many). As 95wt% of NO, emission in the sintering process
was NO, only NO gas was used in this study.

The evaluation indexes of fuel-N transformation were
mainly the NO, concentration, total of NO emission, and
conversion rate of N element (77y). The 7y was defined as the
ratio of the mass of the N element in coke breeze oxidized to
NO and the mass of the N element in coke breeze. The total
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Fig. 2. Schematic of combustion equipment.
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Fig.3. Temperature and atmosphere in combustion tests.

of NO emission and conversion rate of the N element were
calculated by the following equations:

F,CNOM
Sxno = 36(;71“’ % 103ds (1)
SnoM,
= ——NOTN 2 100% @
mcokewN,cokeMNO

where 7y (%) is the conversion rate of N element in coke
breeze, Sxo (mg) is the mass of NO emission during the com-
bustion test; CN° (vol%) is the volume concentration of NO
at ¢ second; F, (L/min) is the air flow of the combustion test;
fena (8) is the combustion end time; m . (Mg) is the mass of
coke breeze in the sample; wy ke (Wt%) is the mass fraction
of N element in coke breeze; My (g/mol) and My, (g/mol) are
the molar mass of N and NO, respectively; and V;,,; (L/mol)
is the molar volume at standard state.
2.2.2. Micro-sintering experiment

The effects of the proportions of the mill scale and coke
breeze on the NO, emission were investigated through the
combustion experiment. The proportions of raw materials in

the sinter mixture at different schemes are shown in Table 4.
The SiO, and MgO contents of sinter are 4.80wt% and
1.70wt%, respectively. The basicity (CaO/SiO,, mass ratio)
of sinter was 1.80. In the AO—A3 cases, the mass ratio of the
mill scale varied in the range of 0-12.0%. In the A4-A7
cases, the proportion of coke breeze was optimized when the
mass ratio of the mill scale was 8.0%. In addition, the size
distribution of raw materials in the sinter mixture is shown in
Table 5. In the sinter mixtures, particles larger than 1.0 mm
were used as cores and particles smaller than 0.5 mm were
used as adhesive fines. Particles with size in the range of
0.5-1.0 mm can be used as cores and adhesive fines. Thus, to
simulate the sintering process, the aforementioned particles
were replaced by those with size of 1.8-2.0 mm and smaller
than 0.15 mm in the micro-sintering tests. The sinter mixture,
which was granulated into quasi-particles in a laboratory pel-
letizer, weighed 7 g in each run of the test. Then, the samples
were placed in a quartz tube (620 mm x 27 mm) and sintered
in a horizontal furnace. The compositions of NO, CO, O,,
and CO, in off gas were analyzed by gas analyzer (MRU OP-
TIMA 7, Germany) during the entire process and the total of
NO emission and conversion rate of the N element were cal-
culated by Egs. (1) and (2). The temperature and atmosphere
of the micro-sintering experiment were the same as that of
the combustion test. After sintering, the initial mass of sinter
was weighed, and then the sinter was freely dropped from 2 m
high for four times. The weight of the larger than 5 mm sinter
was measured. The sintering strength was defined as the ra-
tio of the mass of a larger than 5 mm shattered sinter and the
initial mass of the sinter [35-36].
2.2.3. Sinter pot test

Raw mixtures were uniformly mixed and granulated in a
drum granulator. The granulated mixture was sintered in a
sinter pot with 200 mm diameter and 700 mm height. The ig-
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Table 4. Proportions of raw materials in sinter mixture at different schemes wt%
Raw material A0 Al A2 A3 A4 AS A6 A7
Blended ore 61.72 57.90 54.07 50.23 54.18 54.31 54.47 54.69
Quicklime 3.50 3.50 3.50 3.50 3.50 3.50 3.50 3.50
Limestone 0.95 1.18 1.42 1.64 1.45 1.49 1.55 1.63
Dolomite 4.72 4.02 3.32 2.65 3.30 3.26 3.20 3.11
Serpentine 0.11 0.40 0.69 0.98 0.72 0.74 0.78 0.82
Return fine 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00
Mill scale 0.00 4.00 8.00 12.00 8.00 8.00 8.00 8.00
Coke breeze 4.00 4.00 4.00 4.00 3.85 3.70 3.50 3.25
Table 5. Size distribution of raw materials in sinter mixture wt%
Material >10mm 8-10mm 5-8mm 3-5mm 2-3mm 1-2mm 0.5-1mm 0.25-0.5mm 0.15-0.25mm <0.15 mm
Blend ore 4.28 4.41 11.24 11.99 9.96 15.67 12.41 9.83 8.10 12.75
Quicklime 0.00 0.00 0.00 0.14 1.33 4.15 6.00 12.28 14.24 61.87
Limestone 0.00 0.00 0.13 8.99 11.89 19.67 19.89 8.53 5.14 25.74
Dolomite 0.00 0.00 0.00 3.11 13.96 21.83 18.77 11.13 10.37 20.84
Serpentine 0.00 0.00 0.00 5.50 14.50 28.45 20.45 12.10 8.35 10.65
Return fine 0.49 0.97 20.54 47.61 11.83 9.10 4.79 2.25 2.43 0.00
Mill scale 3.53 1.14 8.21 3.31 6.35 21.21 25.68 13.23 9.15 8.19
Coke breeze 0.00 0.00 2.60 9.70 8.40 16.60 31.40 15.20 11.40 4.70

nition time was 120 s and suction pressure was 11.0 kPa dur-
ing sintering. Moreover, the compositions of NO, CO, O,,
and CO, in off gas were analyzed by a flue gas analyzer (OP-
TIMA 7, MRU Instruments, Germany).

The sintering time was the time from the ignition to the
burn-through point. The vertical sintering speed was the ratio
of the initial height of the sintered bed to the sintering time
(Eq. (3)). The yield was defined as the mass fraction of sinter
with size over 5 mm (Eq. (4)). The productivity reflected the
production efficiency of a sintering machine (Eq. (5)). Ac-
cording to the standard of ISO3271G75, 3 kg sinter with size
between 5 and 40 mm after screening was tumbled, and then
screened at 6.3 mm x 6.3 mm. After the tumbling test,
TL3mm Was calculated by the mass fraction of the sinter lar-
ger than 6.3 mm (Eq. (6)). The average NO, concentration
and total NO, emission per ton of sinter were used to evalu-
ate the NO, emission during the sintering process.

h
=— 3
v=" 3)
y = my —MmM-_50mm % 100% (4)
my
240M
= x 10° 5
Y= (5)
TLi63mm = n% x 100% (©6)

where v (mm/min) is the vertical sintering speed; # (mm) is
the initial height of the sinter bed; ¢ (min) is the sintering
time; Y (%) is the yield of sinter; m, (kg) is the weight of

sinter except bottom material; 7_s i, (kg) is the weight of re-
turn fines with size smaller than 5.0 mm; y (t-m >h™") is the
productivity of sinter; M (kg) is the weight of finished sinter;
d (mm) is the diameter of the sinter pot; TL 3 1S the tumble
index of the sinter; m, (kg) is the mass of the sample; and
M3 mm (kg) is the mass of the tumbled sample larger than
6.3 mm.

3. Results and discussion

3.1. Effect of mill scale on NO, emission from coke com-
bustion

0,, CO,, CO, and NO emission profiles were obtained
simultaneously during coke breeze combusting. The com-
bustion behavior of the coke breeze mixture with alumina
balls or with mill scale is respectively shown in Figs. 4 (a)
and 4(b). CO formed at 785 K and 792 K, and reached a peak
concentration at 1121 K and 1043 K while CO, and NO were
generated for alumina balls and mill scale, respectively.
Then, CO, and NO reached peak concentration at 1303 K and
1363 K for alumina balls and mill scale, respectively. Com-
pared with coke breeze mixed with alumina ball, the peak
value of NO concentration (NO,,,) decreased from 501
mg/m’ to 283 mg/m’ and the conversion rate of N element
(nv) decreased by 43.0% when coke breeze mixed with mill
scale. Because NO was reduced to N, by Fe;O,, FeO, and Fe
in the mill scale [31]. The reduction reactions between NO
and iron oxides were expressed by Egs. (7)<(10). In addi-
tion, NO was also reduced by CO during the coke breeze
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Fig. 4.
coke breeze mixed with mill scale.

combustion process, and the reaction is shown in Eq. (10).
The standard Gibbs free energies (AG®) of Egs. (7)—(10)
were less than —160 kJ below 1573 K, which indicated that
the NO could be reduced by iron oxides and CO during the
sintering process.

4Fe;04 +2NO = 6Fe,0; + N,
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0,, CO,, CO, and NO emission of fuel gas in coke breeze combustion tests: (a) coke breeze mixed with alumina balls; (b)

3.2. Effect of proportion of mill scale on NO, emission
and sinter strength

Fig. 5 shows the NO, emission and temperature of
samples at different proportions of the mill scale in the micro-
sintering experiments. Fig.5 (a) shows that the peak value of
NO concentration, the total of NO emission and the conver-
sion rate of N element decreased with the increase of the mill
scale proportions. Compared with the A0 scheme, when the
proportions of the mill scale were 8.0wt%, the peak value of
NO concentration, the total of NO emission and the conver-
sion rates of N decreased by 33.06%, 32.80% and 37.14%,
respectively. Due to the oxidation exothermic reaction of the
mill scale, the temperature of samples slightly increased
between 800 and 1300 K as the proportions of the mill scale
increased.

7
AGS = —660.40 +0.3178T (kJ - mol ") )
4FeO +2NO = 2Fe, 03 + N,
AG? = —747.86+0.2674T(kJ - mol™}) 8)
4Fe + 6NO = 2Fe, 05 + 3N,
AG? =-2169.4+0.58207(kJ - mol™}). Q)
2CO+2NO =2C0O, +N,
AG4e =—-745.71+0.1972T(kJ - mol™}). (10)
where T is the reaction temperature, K.
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Fig. 5.
samples.

Fig. 6 shows the strength of the sinter at different propor-
tions of the mill scale. The figure shows that the sinter
strength reached the highest point at 8.0wt% of the mill scale.
Compared with the conventional condition, the sinter
strength increased by 25.10% when the proportion of the mill
scale was 8.0wt%. The reason may be that these participants
benefited from FeO in the mill scale. On the one hand, FeO
reacted with SiO, in the mixture to form minerals with low
melting points [37-39], such as kirschsteinite. On the other
hand, the sintering temperature increased due to the oxidation

1750 0 )
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8.0wt%
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i o g 1100
g 700 7 ;ilooo.
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NO, emissions and the temperature of samples at different mill scale proportions: (a) NO, emission; (b) temperature of

reaction of FeO, thereby increasing the fluidity of liquid
phases. However, the low-melting-point minerals were
sharply increased with the increase in the mill scale propor-
tion from 8.0wt% to 12wt%. A thin and macroporous struc-
ture was formed, causing a decline in sinter strength.

3.3. Effect of coke breeze proportion on NO, emission
and strength of sinter with 8.0wt% mill scale

The real-time NO, emission and temperature of samples at
different proportions of coke breeze when the proportion of
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the mill scale was 8.0wt% is shown in Fig. 7. From Fig.7(a),
we can be seen that the peak value of NO concentration
firstly increased and then decreased with the proportion of
coke breeze increased, reaching the highest when the propor-
tion of coke breeze was 3.85wt%. The conversion rates of the
N element slightly fluctuated, whereas the total of NO emis-
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sion decreased due to the lower content of N element in raw
sinter mixture. When the proportions of the coke breeze de-
creased from 4.00wt% to 3.70wt% and 3.25wt%, the total
NO emission decreased by 5.05% and 15.3%, respectively.
In addition, Fig.7(b) showed that the temperature of samples
also slightly decreased between 900 and 1553 K with the
proportion of coke breeze decreased. With the increasing of
the proportion of coke breeze, the formation of NO, in-
creased, and the production of calcium ferrite minerals also
increased, which promoted the reduction of NO. When the
proportion of coke breeze was lower than 3.85wt%, the
formations of calcium ferrite minerals were less, and the re-
duction efficiency of NO, was low, resulting in NO, emis-
sion concentration gradually increased. However, when the
production of coke breeze was 4.0wt%, a large amount of
calcium ferrite minerals formed, more NO, was reduced, and
then NO, emission concentration decreased. During the sin-
tering process, the reduction of NO by CO had a signific-
antly influence on the conversion rate of the N element.
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Fig. 7. NO, emission and the temperature of samples with different proportions of coke breeze at 8.0wt% mill scale: (a) NO emis-

sion; (b) temperature of samples.

Fig. 8 shows the CO emission and correlativity of total CO
emission with the conversion rate of N element in the differ-
ent proportions of coke breeze. Fig. 8(a) shows that the real-
time CO emission concentration exhibited an inverted V-
shape trend and reached the peak value at approximately
1515 K, and then it declined to zero at the beginning of the
constant temperature section (1553 K). Similar to the peak
value of NO concentration, the peak value of CO concentra-
tion also firstly increased and then decreased with the propor-
tion of coke breeze increased, reaching the maximum when
the proportion of coke breeze was 3.85wt%. When the pro-
portion of coke breeze was lower than 3.85wt%, the coke
breeze was coated by the adhering fines at 1515 K, due to the
strengthen of the incomplete combustion reaction, the forma-
tion of CO increased with the proportion of coke breeze in-
creased. However, when the proportion of coke breeze in-
creased to 4.0wt%, more heat was generated in the local areas

of sintered bed, which promoted the melting of low-melting
minerals, coke breeze gradually exposed and the complete
combustion reaction increased, resulting in decreasing of the
peak value of CO concentration. Furthermore, the total emis-
sion of CO significantly fluctuated, which was affected by
the combustion behavior of coke breeze, formation of CO
and the reduction behavior with NO. Fig. 8(b) shows a negat-
ive linear correlation between the total CO emission and the
conversion rate of the N element. More NO was reduced as
more CO formed.

The sinter strength at different proportions of coke breeze
when the proportion of the mill scale was 8.0wt% is shown in
Fig. 9. This figure indicates that the sinter strength gradually
decreased with the decrease of the proportion of coke breeze.
The sinter strength was slightly less than that of the AO case
when the proportion of coke breeze was below 3.70wt%. As
the proportions of coke breeze continued to decrease, the
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sinter strength markedly decreased by 15.87% and 38.19% in
3.50wt% and 3.25wt% of coke breeze, respectively. The
highest temperature of the sintered bed decreased with a low
proportion of coke breeze in the sintered mixture, thereby
causing a decline in the amount of low-melting-point miner-
als. Thus, the proportion of coke breeze should be controlled
at more than 3.70wt% to maintain the high strength of sinter.

75

59.75%
60
47.76%
45r 40.18%

29.52%

30

Strength of sinter / %

151

A0

A2 A4 A5

Scheme

A6 A7

Fig. 9. Strength of sinter with different proportions of coke
breeze at 8.0wt% mill scale.

3.4. Sinter pot tests

According to the preceding findings, the proportion of the
mill scale and coke breeze in the sintered mixture should be
controlled at 8.0wt% and more than 3.70wt%, respectively,
to decrease the NO, emission and maintain the high sinter
strength. Thus, the A0, A2, A4, and A5 schemes were con-
ducted by sinter pot test. Table 6 shows the effect of mill
scale coupling with the coke breeze on the NO, emission dur-
ing the iron ore sinter process. Compared with the reference
condition, in the A2 scheme, when the proportion of the mill
scale was 8.0wt%, the average NO concentration and total
NO, emission per ton of sinter decreased by 9.82% and
12.90%, respectively, as NO was reduced to N,. Meanwhile,
the NO, emission of the sintering process decreased with the
decrease of the coke breeze proportions. Compared with the

reference condition, when the proportion of the mill scale and
coke breeze was 8.00wt% and 3.85wt% (A4 scheme), the av-
erage NO concentration and total NO, emission per ton of
sinter decreased by 19.64% and 24.19%, respectively. As the
proportion of coke breeze continued to decrease to 3.70wt%
(AS scheme), the average NO concentration and total NO,
emission per ton of sinter were decreased by 39.29% and
40.32%, respectively. The content of N element decreased in
the sintered mixture with the decreasing proportion of coke
breeze, thereby resulting in a decline of NO formation.

Table 6. NO, emission in sinter pot tests

Average NO Total NO, emission per
Scheme . 3 . o
concentration / (mg-m )  ton of sinter / (kg-t™)
A0 224 0.62
A2 202 0.54
A4 180 0.47
AS 136 0.37

Table 7 shows the effects of mill scale coupling with coke
breeze on the sinter indexes in the sintering process. The ver-
tical sintering speed in the A2 scheme was significantly im-
proved compared with the reference condition. The yield in-
creased from 80.36% to 80.72% as the mill scale was pro-
moted to form a greater amount of low-melting minerals.
However, the productivity increased due to permeability and
yield improvement deterioration. The tumble index de-
creased slightly since the rise of vertical sintering speed. In
addition, compared with the A2 scheme, when the coke
breeze was decreased, the productivity decreased because the
vertical sintering speed increased and the yield decreased as
less melting occurred. The tumble index was slightly de-
creased. Furthermore, except for the tumble index, the other
sinter indexes of A5 scheme were better than those of the ref-
erence condition (A0 scheme). As a result, the proportion of
coke breeze can be reduced from 4.00wt% to 3.70wt% when
the proportion of the mill scale is 8.0wt% in the sintered
mixture.
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Table 7. Sinter indexes in sinter pot tests

Scheme Vertical sintering  Yield/ Productivity / Tlig3mm/

speed / (mm'min™") % (tm2h™) %
A0 26.81 80.36 2.00 60.00
A2 28.00 80.72 2.63 59.67
A4 33.00 80.59 2.50 58.67
A5 33.21 80.47 2.12 58.33

4. Conclusions

(1) With the proportion of the mill scale increasing from 0
to 12.0wt%, the peak value of NO concentration, the total of
NO emission, and the conversion rate of N element were
gradually decreased, whereas the sinter strength firstly in-
creased and then decreased, reaching the highest value at
8.0wt% mill scale.

(2) When the proportion of the mill scale was 8.0wt%, the
conversion rate of N slightly increased, but the total NO,
emission and sinter strength decreased as the proportion of
coke breeze decreased. Moreover, as the proportion of coke
breeze dropped below 3.70wt%, the sinter strength was sig-
nificantly less than that of the reference condition.

(3) Compared with the conventional sinter condition
(4.0wt% coke breeze without mill scale), 8.0wt% mill scale
was added to the sintered mixture while reducing the propor-
tion of coke breeze to 3.70wt%, the average NO concentra-
tion and total NO, emission per ton of sinter decreased by
39.29%, 40.32%, and the tumble index decreased from
60.00% to 58.33%, other sinter indexes improved.
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