DE GRUYTER

High Temp. Mater. Proc. 2017; 36(2): 183-188

Hongming Long, Xuejian Wu, Tiejun Chun*, Jiaxin Li, Ping Wang, Qingmin Meng, Zhanxia Di

and Xiangyang Zhang

Mechanism of Selective Desulphurization in Iron
Ore Sintering Process by Adding Urea

DOI 10.1515/htmp-2015-0172
Received July 31, 2015; accepted January 16, 2016

Abstract: Iron ore sintering is an important part during the
ironmaking process, and a large amount of SO, is also
generated. Our previous research shows that it is an effec-
tive way to reduce SO, content of flue gas by adding urea
to a special sintering material zone position. In this paper,
the mechanism of selective desulphurization by adding
urea during the iron ore sintering was carried out. The
results show that 88.14% desulphurization rate was
obtained with the addition of 0.05% urea particles at
100 mm height from the feed bottom. During the sintering
process, when drying zone reached the added position of
urea, large amounts of NH; were generated by urea decom-
position, and then reacted with SO, to produce (NH,),SO,
in the wetting zone. With the accumulated desulphuriza-
tion reactions during the sintering, the low SO, emission in
the flue gas was achieved. Moreover, the addition of urea
in the bottom zone avoided the ammonia present in the
sintering ore and promoted the urea utilization efficiency.

Keywords: iron ore sintering, flue gas desulphurization,
mechanism

Introduction

Iron ore sintering process is an important sector for iron
production as well as major pollution emission source of
SO, NO, and Polychlorinated dibenzo-p-dioxins and
dibenzofurans (PCDD/Fs). The emission of SO, produced
by iron and steel production is about 10 % with respect to
the national total emission, and sintering process accounts
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for more than 60 % of steel industry [1, 2]. Sintering flue
gas owes the following characteristics, including large
amount, remarkable flow fluctuations and lower pollutant
concentration, which seriously restrict the effective
removal of pollutants. As environmental issues become
increasingly acute and strict environmental policies are
being conducted, the desulphurization, denitrification
and dioxin removal from sintering flue gas with high
efficiency become key technological innovations. The
emission standard of sintering flue gas pollutant has
been clearly pointed out in the “2011-2020 Chinese Steel
Industry Science and Technology Development Guide”.

The end treatment of SO, in sintering flue gas is the
principal method for reducing SO, emission in steel
industry. According to the process characteristics, flue
gas desulphurization (FGD) process can be classified
into three categories, namely wet process, semi-dry pro-
cess and dry process [3-5]. Currently, these processes
have been widely applied but huge cost and serious
financial burden should be paid. Under this background,
it is critical and urgent to develop innovative online
(source treatment) desulphurization method with higher
efficiency and lower cost.

The former research reported that the concentration
of SO, was decreased sharply when flue gas of boiler was
injected through urea solution [6, 7]. Our previous
research found that urea mixing in sintering raw materi-
als presented good desulphurization effects through the
sintering pot tests [8]. However, the mechanism of desul-
phurization in sintering process by adding urea has been
fully unclear. In this paper, the mechanism of urea desul-
phurization in the sintering process was investigated,
which provides theoretical support for improvement and
application of the innovative FGD process.

Experiment

Materials

Raw materials for sintering tests were provided by a
commercially running sintering plant. The commercially
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Table 1: Chemical compositions of the raw materials in percentage.

Raw material TFe FeO Sio, Ca0 Al,05 MgO0 P S C
Pilbara blend ore 60.96 0.25 4.06 0.06 2.15 0.04 0.087 0.018 -
Newman ore 59.15 0.25 4.89 0.10 1.87 0.05 0.063 0.01 -
Kara ore 65.19 0.18 1.93 0.05 1.26 0.01 0.037 0.007 -
Yandi ore 58.56 0.31 4.11 0.14 1.74 0.03 0.051 0.007 -
SFIT ore 64.30 0.74 4.55 0.03 0.85 0.01 0.064 0.007 -
FMG ore 57.32 0.62 6.28 0.13 1.51 0.04 0.065 0.022 -
Blast furnace dust 38.45 - 5.57 6.02 2.28 1.11 - 0.44 19.22
Iron oxide scale 69.02 1.91 2.73 1.31 0.68 0.23 - 0.25

Lime - - 1.08 81.95 0.4 0.47 - 0.003 -
Limestone - - 2.88 51.20 0.64 0.95 - 0.116 -
Dolomite - - 1.15 30.68 0.34 20.31 - 0.024 -
Coal fines 1.14 - 3.03 0.60 3.48 - - 0.38 80.82
Coke fines 1.63 - 6.20 0.60 4.32 - - 0.64 82.44
available urea contained 46.7 % nitrogen that was used

as desulphurizer, and its average particle granularity was Ignition hood

1-2mm. The chemical compositions of raw materials

were listed in Table 1. The mass ratio of raw materials Sintering pot

in the sintering process was listed in Table 2.

Experimental methods

The laboratory sintering pot with 200 mm in diameter and
700 mm in height is shown in Figure 1. During each experi-
ment, first, 2 kg hearth layer was added into the sintering
pot, and then the sintering mixture was put into the sinter-
ing pot via the distributing device. The weight of the sinter-
ing mixture was about 44 kg at 6 % moisture. After mixture
materials were charged into sintering pot, the igniter began
to heat up with 6 kPa negative pressure at 1,050 °C for 90 s.
Simultaneously, testing devices were conducted. After the
ignition process, negative pressure was adjusted to 15 kPa
and the sintering process was started. When the tempera-
ture of sintering flue gas reaches the peak value, testing
devices were closed and the sintering test was ended.

Our previous research presented that the optimum addi-
tion ratio of urea was 0.05% [8]. So, the ratio of urea is
0.05% in this study. The studies of SO, emission rules of

Table 2: Mass ratio of raw materials in percentage.

Mixture material
Hearth layer

Thermocouple

Wind box

L— Flue gas analyser

[
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a

Figure 1: The apparatus for sinter pot test.

single iron ore and raw materials show that significant tem-
perature of SO, emission is in the range of 500-1,200 °C
[9, 10]. According to the characteristics of sintering process,
SO, is mainly generated in the sintering zone and drying
zone [11]. Thus, the experimental scheme was designed to
investigate the effect of urea adding methods and adding
positions on desulphurization efficiency, as listed in Table 3.
The addition of the special position is shown in Figure 2.
During the desulphurization test, the SO, concentration was
detected by Testo350 flue gas analyser.

Raw materials Pilbara blend ore Newman ore Kara ore Yandi ore SFIT ore FMG ore Blast furnace dust
Mass ratio 12.75 15.93 15.93 11.93 11.93 7.95 1.60

Raw materials Iron oxide scale Lime Limestone Dolomite Coal fines Coke fines

Mass ratio 1.60 3.00 4.83 7.85 2.35 2.35
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Table 3: The desulphurization scheme for the sintering pot test by
adding urea.

No. Adding methods of urea Mass of

urea/%

Test 1 Without adding urea -

Test 2 Adding urea particle to 100 mm height from 0.05
the feed zone bottom

Test 3 Mixed urea solution with mixture material 0.05

-
.

.
.

. ) Urea zone
Mixture material

Hearth layer

Figure 2: The position of adding urea.

In addition, the dust of flue gas was filtrated by a filter
bottle (200 ml H,0) connected to a pump. At the begin-
ning of sintering, the vacuum pump was kept open to
maintain exhaust pipe pressure similar to the main gas
flue, and the flow was adjusted to be 0.03 m?>/min. When
sintering was completed, the vacuum pump was closed.
The SO,* and NH,* ionic concentrations of filter liquor
were detected using inductively coupled plasma mass
spectrometry (ICP-MS).

The mass of SO, (mso,, mg) in the flue gas extracted
by flue gas analyser can be calculated by the following
formula:

mso, = [ Cso, x Qx dt = Qx [4 Cso,dt

where Csp, is the SO, concentration in flue gas (mg/m°);
Q is the flow of flue gas and it equals 3.3 x 1072 m’/s;
and t is the sintering time (s).

The desulphurization rate (§) using urea was calcu-
lated according to the following equation:

8= "M-m 100 %

where M is the SO, mass in the absence of urea (mg) and
m is the SO, mass in the presence of urea (mg).

Results and discussion

S0, emission of flue gas

The emission concentration of SO, and the mass of SO, in
the flue gas are shown in Figures 3 and 4, respectively.
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Figure 3: Effect of urea adding methods on SO, concentration of
flue gas.
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Figure 4: Effect of urea adding methods on flue gas desulphurization.

As shown in Figures 3 and 4, adding urea is an effective
technology to reduce SO, emission during the iron ore
sintering. Compared with the result without adding urea,
the desulphurization rate of adding urea by “0.05% +
100 mm” and “0.05% mixed” are 88.14% and 81.79 %,
respectively. Table 4 presents the SO,>” and NH,* con-
centration of filter liquor. During the test without adding
urea, SO,*” and NH,* concentration are 106 and 32 mg/L,
respectively. The SO,>" and NH,* concentrations increase

Table 4: SO,>~ and NH, " concentration of filter liquor.

Item S0,%" (mg/L) NH,* (mg/L)
Without adding urea 106 32
0.05% + 100 mm 2,468 706
0.05 % mixed 2,283 647
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significantly when urea was added, which indicates the
formation of (NH,),SO, during the sintering.

Desulphurization mechanism discussion
Generation and migration characteristics of SO,

Air draft sintering is carried out from the surface of
sintering raw materials zone and gradually conducted
down. Along with the height direction, materials zone is
divided into sintered zone, sintering zone, drying zone
and wetting zone, respectively, from the surface to the
bottom of zone according to the different temperatures
and reactions, as shown in Figure 5.

WL Ar

Temperature curve
rrterrssnnerssasnnnnnapennasannns

: Sinter zone

- = -

Urea decomposition

Drying Zi generate some SO,

{ Wetting zone

(NH,),SO, gathering
————— e
1000 C 100°C L Fluegas

Figure 5: Material bed and temperature distribution of the sintering
process.

Sintering zone is the place of the highest temperature
(800-1,350 °C) in sintering process, in which sulphate is
decomposed and sulphide is oxidized. The temperature
of drying zone is between 60 and 800 °C. SO, adsorbed in
wetting zone is released again because of water evapora-
tion when drying zone is coming. About 90 % sulphur of
sintering process is transformed into SO, in the drying
zone or sintering zone [10], which is taken to the wetting
zone by negative pressure air draft and easily adsorbed
by free water since wetting zone has great resistance with
low temperature (less than 100 °C). Simultaneously, there
are some alkaline flux (Ca0) and weak acid (CaCOs,
MgCOs, etc.) in the wetting zone [9, 10], which can inter-
act with SO, in wet condition. With free water, alkaline

DE GRUYTER

flux and weak acid existing, wetting zone owes great
adsorption. Therefore, SO, concentration in the sintering
flue gas is low from the initial stage to the middle stage of
sintering process. Figure 6 [8] shows the relationship
between SO, emission concentration as well as wind
box temperature and different sintering wind boxes in a
sinter plant. It is clear from Figure 6 that wind box
temperature is lower in front half part of sintering
machine as well as SO, concentration, which proves the
reasonability of above inference.
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Figure 6: SO, emission concentration curve and temperature curve
on different sintering wind boxes.

As shown in Figure 6, the temperature of flue gas is a
parabolic curve and reached the highest value in the 20#
wind box, and then declines. The SO, concentration of
flue gas reached the peak value from 12# box to 16# box.
The main reason is that the absorption and containing
capability of wetting zone was weakened on account of
water evaporation with the above drying zone coming
down, resulting to SO, adsorbed in wetting zone releas-
ing again. When sintering zone came down to this zone,
sintering raw materials containing sulphur in this zone
were decomposed to generate SO,. SO, deriving from
above two parts was taken to the below wetting zone by
air draft and adsorbed by it. The above process of SO,
absorbing and releasing is recycled until sintering end-
ing. In addition, SO, was enriched in wetting zone at the
bottom of materials zone in sintering middle or final
stage. When the wetting zone disappeared, SO, was
released concentratedly along with the bottom materials
containing sulphur oxidizing and decomposing, resulting
in the peak value of SO, emission concentration. SO,
concentration attained the maximum value in the place
from 12# box to 16# box in Figure 6, which stated that
drying zone was arrived at the bottom of bed and that SO,
in the wetting zone was released in accumulated.
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Reaction of urea in the sintering zone

The distance from the up plane of wetting zone (less
than 100 °C) to the bottom of sintering zone (more than
1,000 °C), namely drying zone, is only dozens of milli-
meters. Drying zone lying between the sintering zone and
the wetting zone is heated rapidly from the top to the
bottom by high-temperature exhaust gas, namely from
wetting zone disappearing to 700 °C, the time of which
is very short and the staying time of drying zone is about
1 min [12].

The hydrolysis rate of urea at room temperature is
low. Chen etal. [13] found that urea started to decom-
pose largely at melting temperature (132°C) by using
thermal gravity analysis—mass spectrometry technology
to research hydrolysis process of urea. Koebel and Strutz
[14] and Koebel et al. [15] pointed out that urea began to
decompose at 80 °C and significant decomposition phe-
nomenon of urea was attained at melting temperature. It
was found [16] that urea was heated slowly to generate
biuret (C,Hs;N30,) and ammonia gas (NHs), which inter-
acted with each other to produce cyanic acid (HOCN)
and ammonia gas (NHs) when reaction temperature was
more than 193 °C. However, with the condition of rapid
heating, urea was decomposed to create cyanuric acid
(C3N5(0H)3) and ammonia gas (NHs) first and then to
produce cyanic acid (HOCN) and ammonia gas (NH;).
Figure 7 shows the schematic diagram of urea decom-
posing with heating. Research [16, 17] was studied to
state that the effective decomposing rate of urea was
100% at 600°C. Therefore, urea was rapidly decom-
posed to HOCN and NH; with drying zone coming
down to the place where urea was added. In addition,
HOCN was disintegrated further to NH;, which was
taken to the below wetting zone by negative pressure
air draft.

HzN\ /NHz . . HoO Ny ~OH
(o3 Rapider heating |
I + NH; T
(o}

N__~N
(Urea (melts at 132°C)) \é/(cya"“’i" acid)

Slower heating } Rapid heating

Decomposition
HOCN + NH;1

(Cyanic acid)

HN N NH,

I

o (o]
(Biuret (decomposes at 193 °C))

——

+ NHy 1

Figure 7: Urea decomposing reactions with different heating
conditions [16].
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Mechanism of SO, interaction with NH;

NH; and SO, barely interacted with each other in the
drying zone with only dozens of millimeters height,
which were mainly happened in the wetting zone. The
reasons were that reaction between NH; and SO, was
carried out slowly with reaction temperature more than
60 °C [18, 19]. Simultaneously, NH; and SO, produced in
the drying zone were rapidly taken to the below wetting
zone by air draft, resulting in little time of gas-phase
reaction between NH; and SO,. NH; was adsorbed by
water or reacted with SO, in the wetting zone. With
abundant free water and some O, existing in wetting
zone [10], some reactions happened as follows:

Oxidizing reaction taking place with SO, dissolved in
water:

SOZ + HzO + 1/202 = H2504VGT =0.26T - 231.42 (1)

NH; decomposed by urea interacting with NH; possibly in
the wetting zone:

2NH3 + Hzo + SOZ + 1/202 = (NH4)ZSO4VGT =0.59T - 506.62

@

NH; + H,0 + SO, +1/20, =NH,HSO,VGr = 0.55T — 396.27
€)
NH; + H,SO4 = NH,HSO,VGr = 0.40T - 190.98 )]

NH; + NH,HSO, = (NH,4),SO4VGr = 0.03T - 110.35 5)
2NH; + H,SO, = (NH,),S04VGr = 0.32T - 275.20 (6)

Figure 8 shows the Gibbs free energy of desulphurization
reactions in the wetting zone. It is known thermodynami-
cally from Figure 8 that Gibbs free energy of above reac-
tions are all of negative value, at 273-393 K, which declare
that reactions (1)-(6) can take place in the wetting zone. In
tests 2 and 3, sintering time was about 34 and 13-18 min of
which appeared plenty of “rime fog” in experimental filter
bottle. From Table 4, it is shown that the SO,>” and NH,*
ionic concentrations of adding urea increase subsequently
compared to 106 and 32 mg/L free of urea, which declared
the “rime fog” above was ammonium sulphate and reac-
tions (1)-(6) happened as well. And the SO,> and NH,*
ionic concentrations of “0.05% + 100mm” adding
method were 2,468 and 706 mg/L, while the SO, and
NH," ionic concentrations of “0.05% mixed” adding
method were 2,283 and 647 mg/L, respectively.

It was reported that ammonium sulphate powder
starts to decompose at 213 °C and decomposes completely
at 419°C [20]. Therefore, ammonium sulphate powder,
taken away by strong negative pressure air draft before
decomposing in sintering process, could not exist in
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Figure 8: Gibbs free energy of desulphurization reactions in the
wetting zone.

sintering products and increase the sulphur content of
sinter.

The influence of different methods of adding urea to
the sintering raw materials on FGD was investigated in
this paper. The desulphurization rate of “0.05% +
100mm” adding method is 88.14 %, while the “0.05%
mixed” adding method is only 81.79 %. The main reasons
were that urea added location (100 mm height from feed
zone bottom) was the drying zone when SO, was just
released concentratedly. In other words, when SO,
adsorbed in the wetting zone was released concentrat-
edly, drying zone just came down to the addition position
of urea. At the same time, urea was decomposed accumu-
latedly to NH3, which was taken to wetting zone by nega-
tive pressure air draft and interacted with SO, in the
wetting zone. Hence, desulphurization reactions were
conducted concentratedly. Simultaneously, addition of
urea in the bottom zone avoided ammonia existing in
sintering ore, which increased the effective availability
of urea desulphurization and made it reasonable to inves-
tigate urea-selective desulphurization in sintering process.

Conclusions

(1) When 0.05% urea was added, the emission concen-
tration of SO, in flue gas reduces sharply. The desul-
phurization rate of adding 0.05% urea particles to
100 mm height from the feed zone bottom can reach
88.14 %, which is better than that with urea mixed
into sintering raw materials in which the desulphur-
ization rate is 81.79 %.

(2) The results of mechanism analysis shows that, when
drying zone moves down to the urea added location
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in the sintering zone, the urea starts decomposing
and generates large amounts of NH;, and most of
the NHs is taken to the wetting zone by negative
pressure air draft. As the concentration of SO, is
relatively high in the wetting zone, those NH; will
react with SO,, which makes the desulphurization
reactions to be conducted concentratedly. In addi-
tion, as the urea is added at the bottom of sintering
zone, the ammonia generated by the decomposition
of urea can be avoided existing in sintering ore,
which improves the desulphurization -efficiency
and emissions reduction effect.
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(U1260101) and Project of Science and Technology
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the research work.
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