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ABSTRACT

Sintering flue gas is the main source of air pollution in the iron and steel
industry. Facing stringent emission standards set to limit the amount of flue gas
pollutants, multi-pollutant control in sintering flue gas has become a necessity in
the iron and steel industry. Utilizing biomass fuel with low S and N contents to
replace a portion of coke in the sintering process can offer control at the source
of sintering flue gas pollutants. This study is aimed at elucidating the reaction
mechanism of mixed fuel in the sintering process using thermogravimetric
experiments of the combustion and gasification reactions. The results show that
the reaction performance of biomass fuel is better than that of coke. In addition,
biomass fuel can improve the reaction performance of mixed fuel. When the
content of biomass fuel increased from 20 to 80%, the temperatures of both the
combustion and gasification reactions decreased, the weight loss rate of the
mixed fuel increased, and the gap between the calculated and experimental
values widened. By studying the reaction mechanism of mixed fuel, we found
that the sintering fuel reactivity increases mainly because the porous structure of
biomass fuel provides a large specific surface area for the combustion or gasi-
fication reaction, and the alkali metals, K and Na, in the biomass fuel act as
catalysts to the reaction.
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Introduction the iron and steel industry and put forward ultra-low

emission limits to strictly control the emissions of

In recent years, air pollution has become an increas-
ingly serious issue, drawing attention to the iron and
steel industry, which is a major polluter. The sinter-
ing process emits more than 40% of the dust, 70% of
the SO,, and 50% of the NO, emitted by exhaust
gases. Therefore, relevant government departments
have formulated atmospheric emission standards for
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pollutants such as SO, and NO,. More than 90% of
the NO, produced in the sintering process originates
from nitrogen compounds in the fuel. The SO, in
sintering flue gas is mainly produced by the reaction
between O and S in fuel, where it is generally
believed that the ratio of S to SO, can reach 85-95%.
The CO, in sintering flue gas originates from the
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combustion of sintering fuel. Hence, most of the CO,,
NO, and SO, pollutants are derived from the sinter-
ing fuel [1, 2]. Biomass fuel is also used in the sin-
tering process, where CO, is produced and takes part
in the atmospheric carbon cycle. Biomass fuel has low
S and low N, which can reduce the emission of SO,
and NO, from the sintering source [3, 4]. Therefore,
utilizing biomass coal with low S and N can offer
control at the source of pollutants released by sin-
tering flue gas.

At present, the application of biomass fuel in sin-
tering production has been studied by a number of
researchers. Fan et al. [5] studied the effect of
replacing coke with biomass fuels on sintering tech-
nical indexes and sinter properties. The results show
that when biomass fuels replace 40% of coke breeze,
the speed of sintering is increased, while the finished
product ratio and the drum strength of sinters are
decreased. Kawaguchi et al. [6] studied optimization
of the process through size and moisture control of
the biomass char. Biomass carbonized char is evalu-
ated based on sinter yield, similar to anthracite or
coke. The use of biomass char is effective at
decreasing CO,, NO,, SO,, and dust emissions in
sinter exhaust gas. Zandi et al. [7] characterized and
prepared olive residues, sunflower husk pellets,
almond shells, hazelnut shells, and Bagasse pellets
for sintering. A laboratory sinter pot was used to
study the sintering behavior of biomass material. Ooi
et al. [8] used a laboratory-scale sintering reactor, or
pot was employed to determine the effect of charcoal
combustion on iron ore sintering performance and
emission of persistent organic pollutants. Many
scholars have studied the effect of using biomass fuel
(instead of coke) on the sintering process and fuel gas
pollutant reduction. However, the mechanism of
sintering mixed fuel is seldom studied. In this paper,
we compare the combustion and gasification reac-
tivity of biomass fuel, coke, and mixed fuel and
provide insight into the mechanism behind the
reaction performance of biomass fuel on sintering
mixed fuel, which provides theoretical guidance for
sintering production with reasonable addition of
biomass fuel.
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Materials and methods
Materials

The biomass fuel in the experiment is homemade
charcoal [9], and the coke is a sintering fuel provided
by a sintering plant. The proximate analysis and
calorific value of fuels are shown in Table 1.

Thermogravimetric analysis

Thermogravimetric analysis (TG, SETSYS Evolution)
was used to perform the combustion and gasification
reaction experiments at atmospheric pressure. The
temperature of the sample was raised to 383 K for
2 min at a heating rate of 10 K/min in high purity N,
(100 mL/min) to remove moisture. Soon afterward,
the experimental atmosphere was changed from N,
to air or CO, (50 mL/min) for the combustion reac-
tion or gasification reaction. When the flue gas ana-
lyzer showed that the air or CO, content was close to
100%, the temperature of the sample was increased to
the required temperature at a heating rate of 10 K/
min. The sample was placed in an alumina crucible
(p 5mm x 8 mm), the mass of sample was
10 £ 0.5 mg, and the particle size of the sample was
less than 200 mesh. All experimental data were cor-
rected by a blank test under the same operating
conditions to eliminate the effect of buoyancy during
the experiment. The experimental data were used to
calculate the activation energy (E) and the pre-expo-
nential factor (A). The experimental program is
shown in Table 2.

In order to study the effect of biomass fuel on the
reactivity of sintering fuel, the TG experimental and
calculated weight loss curves and the DTG experi-
mental and calculated weight loss rate curves of
mixed fuel were compared in the combustion and
gasification experiments. TG and derivative TG
(DTG) data were calculated for mixed fuel using
Egs. (1) and (2):

TGeale = ®char T Gehar + Weoke T Geoke (1)
DTGcalc = wcharDTGchar + wcokeDTGcoke (2)

where TG, is the calculated value of mixed fuel,
ME; Wchar AN Wcoxe are the mass fraction of charcoal
and coke separately, %. The calculated value is a
weighted average of the data obtained by the two
fuels independently.
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Table 1 Proximate analysis and calorific value of fuels
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Type Volatile matter (%) Fixed carbon (%) Ash (%) Moisture (%) Calorific value (MJ/kg)
Coke 1.62 83.21 14.80 0.37 26.16
Charcoal 5.02 87.60 5.88 1.50 27.61

Table 2 Experimental

Heating rate Atmosphere

scheme for fuel reaction Group Coke Charcoal
performance | 100% _

2 - 100%

3 50% 50%

4 80% 20%

5 20% 80%

B =10 K/min Combustion reaction: 21% O, + 79% N,

Gasification reaction: 100% CO,

Kinetic theoretical analysis

The reactivity of fuel is determined by the reaction
rates (k) of fuels. Based on the results of previous
studies [10-12], the reaction of chars has generally
been described as a global one-step kinetic chemical
reaction model. The rate constant (k) was calculated
according to Eq. (3):

ljl—‘: =k-(1—-0) (3)
where o is the fractional weight conversion,
o = (1 — m/mgp), m is the residual sample weight, mg,
and mg is the original sample weight, mg. Equa-
tion (4) is obtained by rearranging Eq. (3). Equa-
tion (5) is the integrated solution of Eq. (4) subject to
the initial condition (@ = 0, t = 0). The rate constant
(k) can be obtained as the negative slope between
In(1 — o) and the reaction time(t).

dt'l—(x )
k-t=—In(1-0a) (5)

The activation energy (E) and a pre-exponential
factor (A) can be obtained via the Arrhenius equation
as shown in Eq. (6). Combining Egs. (3) and (6) leads
to Eq. (7).

k=A-exp(—E/RT) (6)
%TzA-exp(—R—ET>(l—<x) (7)

where R is the gas constant (8.314 ] K™' mol™") and T
is the temperature, K. Some scholars [13, 14] find that
the Coats—Redfern approximation to the temperature
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integral is both simple and accurate, so the Coats-
Redfern approximation was used to calculate the
relevant parameters. In the non-isothermal analysis,
the heating rate is a constant, resulting in Eq. (8):

—In(1 — o) AR E
()
where f is the heating rate, E can be obtained as the

negative slope between In(In(1 — «)/T?) and 1/RT,
and A can be obtained as the intercept of Eq. (8).

Alkali metal detection

The morphology of samples was assessed by scan-
ning electron microscopy on a field emission scan-
ning electron microscope (5-4800). The alkali metals
of samples in SEM images were detected by energy-
dispersive spectrometer (EDS). The content of alkali
metal is determined by the detection of EDS in dif-
ferent fuels.

Sintering pot experiment of biomass fuel

The experimental material was supplied by a Steel
Corp sintering plant in Tangshan, the chemical
composition of sintering material is shown in Table 3,
the sintering pot experiment was carried out
according to the ratio of sintering material, the
basicity of sinter was 1.9, and the carbon content was
4.5%.

The chemical composition of sintering raw mate-
rials is shown in Table 3. We used an equal fixed
carbon content of charcoal to replace the coke powder
in the sintering experiments. The suction of ignition
was 8 kPa through the bed, and the suction was



Table 3 The chemical
composition of sintering raw Sintering raw materials The chemical composition
materials (mass percent, %) TFe  FeO  Si0, CaO  MgO0  ALO; T,
Iron ore 60.65 5.08 4.26 2.62 0.75 1.74 0.15
limestone 0.12 0.12 2.72 47.56 3.77 0.72 0.30
Lime 0.26 0.18 3.52 72.33 4.52 1.00 0.048
Dolomite 0.31 0.20 1.38 29.61 21.85 0.18 0.002
maintained during a 90-s ignition period. The igni- (a)
tion temperature (1473 K) was achieved by adjusting 1 1300
the flow rates of LPG and air. After ignition, the of M SR /./’ - 1200
LPG/air flow was stopped, and the sintering suction Ar b U /./’ - 1100
raised to 12 kPa and lasted until the end of sintering. 20 o 1sExporimental vaivo o /./’ 1000
The sintering experiments scheme is shown in B[ o 2#Experimental value | % : ¢ - 900
Table 4. o -4 |4 3#Calculated value \A /0/ . 1800
g 5[ Y HExperimental value ¢ 2" \ X
O [ Temperature AN 4700
or ‘/’/ A \_ 4600
Results and discussion T e e\ 1500
8t /‘/ \'\ \‘A.\A . 1400
Effect of biomass fuel on combustion N * Dae = 300
reactivity of fuels MO 3 W % & 70 80 80 100
t/min
As shown in Fig. 1, the TG and DTG curves of com- (b)
bustion reaction for charcoal, coke, and mixed fuel 1400
(charcoal/coke = 50:50) were obtained by the exper- o0 1900
iments of thermogravimetric analysis. ::23
As shown in Fig. la, the start and end reaction 02 11000
times of charcoal combustion were 35 min and e 1 90
50 min, respectively, which were shorter than those £o4r 1 eo0 =
of coke combustion, which were 57 min and 85 min, g 1 700
respectively. Hence, the reaction duration of coke B o6t Temperature 1 e00
was longer than that of charcoal. As shown in Fig. 1b, : zzg::z:::: valie 500
the DTG, of the charcoal combustion reaction was 0.8 —— 3#tExperimental value | 400
about 0.78 mg min~', which is faster than that for e S vale, ] 300
coke, which was 0.59 mg min~'. According to the TG oo e 5?,mi§0 080 %o e o

and DTG curves for the combustion reaction, the
reactivity of charcoal is obviously superior to that of
coke. When charcoal was used to replace a portion of
coke in the sintering process, the reactivity of fuel
changed. The TG, and DTG, of mixed fuel were
obtained by Egs. (1) and (2). As shown in Fig. 1, the
TGeae and DTG, curves for mixed fuel are not

Table 4 The ratio of the

Figure 1 Combustion reactivity of fuels. a TG curves of fuels
with different types. b DTG curves of fuels with different types.

identical to the experimental data. The experimental
and calculated start times for the combustion reaction
of mixed fuel were basically same; however,

sintering experiment Groups Iron ore limestone Lime Dolomite Coke Charcoal
1 0,
scheme (mass fraction/ %) 1 83.86 3.00 3.83 4381 100 0
2 30 20
3 60 40
4 40 60
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differences appeared, where the experimental values
of weight loss tended toward those of the charcoal
weight loss, while the calculated values were the
averages of the coke and charcoal weight loss curve.
In addition, the experimental combustion time of the
mixed fuel was shorter than the calculated value.
Meanwhile, the predicted value of DTG.x was
0.66 mg min~', which was slower than the experi-
mentally determined DTG, of 0.72 mg min~'. The
experimental results show that biomass fuel can, to
some extent, improve the reaction performance of
mixed fuel.

In order to further study the effect of biomass
addition on the combustion reactivity of mixed fuels,
TG and DTG experiments were carried out on dif-
ferent biomass fuels, as shown in Fig. 2.

Figure 2 shows the weight loss curves for the com-
bustion reaction of mixed fuels with different ratios of
charcoal. The experimental results showed that the

a
1( ) 1300
o} H—ww {' 41200
39
1k N K {./ - 1100
o [ Temperature E ' 41000
—0— SCalculated value “a\ ./-/
-3 A 5#Experimetnal value \ & 4900
Y e 3#Calculated value N
1S —&— 3#Experimental value \A :\ - 800 o
a -5 F—&— 4#Calculated value '\v d700 E
= 6 [ —o— 4#Exper'menta|value{ e : K
Yo\ 600
g AN
Tk { w.
8l {{
of
10 Y+—F—7——p
0 10 20 30
(b) 1400
0.0 1300
41200
41100
0.2
- - 1000
£
€ 900
= X
£ 04 Js00 =
[©]
E Temperature 4700
— 3#Experimetnal value
06 — 3#Calculated value | 600
—— 3#Experimetnal value - 500
— 4#Calculated value | 00
0.8 ——— 3#Experimetnal value
) ) ) ) ) |~ S#Calculated value 7300

0 10 20 30 40 50 60

t/min

70 80 90 100 110

Figure 2 The combustion reactivity of mixed fuels; a the TG
curve of fuels with different ratios, b the DTG of fuels with
different ratios.
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higher the charcoal content, the earlier the fuel com-
bustion starts, and the faster the weight loss rate of
mixed fuel combustion. When the content of charcoal
was increased from 20 to 80%, the reaction time of
mixed fuel decreased from 85 min to 50 min, and the
DTGpax increased from 0.58 to 0.72 mg min . By
comparing the experimental values with the predicted
values, it can be found that as the biomass fuel content
increases, the gap between experimental and calcu-
lated values of combustion weight loss of the mixed
fuel increased. The thermogravimetric experiments
show that the combustion reaction performance of the
mixed fuelis not the weighted average of the two fuels,
but rather the biomass fuel has a certain catalytic
synergistic effect on the combustion reaction of the
mixed fuel.

(@)
1
[ o ] 1400
Ors-o0p-peqe, 41300
ALk - A"\r.\r&.\* i
& Sl . 41200
oL I T, * g ./ ]
| —B— Temperature A A\v A ] 1100
-3 |—®— 1#Experimental value \ -1 1000
4 [ —A— 2#Experimental value ././:K .\ ] 900
= [ —v— 3#Calculated value e \ A 1
£ O\ 800 X
® 5F 3#Experimental value -/{ Loy ] =
=l o \v 700
I ./l/ RN .\ J600
7k \ L4 ]
7 i ./{ a \ e 1500
L \ V. ]
B o=85% \ \Qr._ 400
ol \ v 4 300
3 l/./ Aahasx]
N7 T T T 7T 1 71— 200
0 10 20 30 40 50 60 70 80 90 100 110
t/min
(b)
[ ] 1400
or '*&6‘@&\& ./{{ J 1300
AF i z J1200
3 =N ]
2 [—m—Temperature N z l\ 11100
| —@—5#Calculated value z\‘\ ./{ g
o -3 [ A 5#Experimental value ] 1000
E -4 [ v—3#Calculated value ./K - 900
O 3#Experimental value \ N ] 800 X
F 5 [—®—4#Calculated value ./ \ 1700 .
-6 | ® 4#Experimental valu n \ .\ ]
3 - 600
Tr {l/.; 1500
Ba=85% ./ \o *3 \5 . 400
9+ g o ,\319_' 300
I w 0\%‘
210 1 1 1 1 1 1 1 1 1 L 1200
0 10 20 30 40 50 60 70 80 90 100 110

t/min

Figure 3 Gasification reactivity of fuels. a TG curves of fuels
with different types; b TG curves of fuels with different ratios.
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Effect of biomass fuel on gasification
reactivity of fuels

Figure 3 shows the TG and DTG curves of the gasi-
fication reaction for charcoal, coke, and mixed fuel.

Removing the effect of ash in the fuel, the gasifi-
cation reaction performance was compared by
selecting the kinetic parameters of the conversion rate
(o) of 85%. Figure 3 shows that the fuel weight loss
curve is divided into two stages. In the first stage, the
removal of moisture and volatile matter from the fuel
resulted in weight loss. The volatile matter in the
charcoal was higher than that in the coke, so the
weight loss of the fuel increased with an increase in
charcoal content. In the second stage, the weight loss
rate sharply increased, mainly due to the fixed-car-
bon gasification reaction in the fuel. Faster weight
loss rates occurred with increasing charcoal content.
Interestingly, in the gasification reaction experiment,
the calculated weight losses were not same as the
experimental weight losses. The gap between TGy
and TGe,p increased with the increase in charcoal
content in the mixed fuel, showing that the charcoal
also has a catalytic synergistic effect on the gasifica-
tion reaction of mixed fuel.

According to the weight loss curve of the fuel
gasification reaction, the kinetic parameters were
calculated by the Coats-Redfern approximation
method to explain the catalytic synergistic effect of
biomass fuel on coke. Figure 4 shows the relationship
between In(In(1 — «)/T?) and 1/RT, where the acti-
vation energy was obtained from the negative slope,
and the pre-exponential factor was obtained from the

[ ]
11+
2 f Y
A3t N
v
.
14
15
\ <e

16 1 1 1 1 1 1

0.09 0.10 0.11 0.12 0.13 0.14 0.15
1/RT

1#Experimental value
2#Experimental value
3#Experimental value
3#Calculated value
4#Experimental value
4#Calculated value
5#Experimental value
5#Calculated value

evA«H>OTDR

In[-In(1-0))/T?]

Figure 4 The relationship between In(In(1 — o)/T,) and 1/RT.
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intercept. The kinetic parameters of the fuel gasifi-
cation reaction are shown in Table 5.

Combining Fig. 3 and Table 5, we find that the
slope of the TG curve for coke was largest, and the
slope for charcoal was smallest. In addition, as the
charcoal content in the mixed fuel increased, the
slope of the curve approached that of charcoal. By
comparing the kinetic parameters of the fuel in
gasification reaction (Table 3) with the increase in
charcoal content in fuel (20-80%), we see that the pre-
exponential factor increased from 2.8 x 10° to
4.7 x 10° s!, the activation energy decreased from
191.08 to 156.84 kJ-mol~'!, and the gap between
experimental and calculated values of the pre-expo-
nential factor or activation energy increased. The
results also confirmed that the gasification reaction
performance of mixed fuel is not only the weighted
average of two fuels, but that charcoal has a certain
catalytic synergistic effect on the gasification reaction
performance of mixed fuel, where the higher the
charcoal content in mixed fuel, the greater the effect.

Mechanism behind the influence of biomass
fuel on the reactivity of coke

A field emission scanning electron microscope
(54800) was used to study the original surfaces of
coke and charcoal. The microstructure of coke and
charcoal is shown in Fig. 5. Coke and charcoal sam-
ples were also analyzed using an automatic QUAD-
RASORB specific surface area and pore diameter
analyzer. The specific surface area and pore diameter
distribution of the fuels were calculated by the Bru-
nauer-Emmett-Teller (BET) method, according to the
adsorption isotherm. These results are shown in
Table 6.

Observations of the microstructure of fuel in Fig. 5
show that the charcoal was more porous than coke
and had more uniform pore size distribution. The
specific surface area, pore volume, and pore size
distribution of coke and charcoal (Table 4) were used
to find that the specific surface area of charcoal was
30.628 m*/g and the pore volume of charcoal was
about four times that of coke. The pore size of char-
coal was about half that of coke, which indicated that
the surface structure of charcoal was loose and por-
ous, and the porosity of charcoal was smaller and
greater than that of coke. The microstructure of
charcoal provided more opportunity to be in contact
with the reaction gas for the combustion or

@ Springer
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Table 5 Kinetic parameters of

fuels using Coats—Redfern Group A, (s™)  Ax(sTH  AAGT)  E (kImol”') E;(kImol™") AE (kJ mol™")
approximations 1 - 13 x 107 — - 233.23 -

2 - 3.9 x 104 - - 140.27 -

3 27 x10° 88 x 10° 6.1 x 10° 186.75 168.70 — 18.05

4 78 x 10° 4.7 x 10° 3.9 x 10° 214.63 191.08 — 23.55

5 1.8 x 10° 28 x 10° 1.0 x 10° 158.86 156.84 —2.02

A and E; were calculated values; A, and E, were experimental values; A\ was the difference between

experimental value and calculated value

Figure 5 SEM images showing microstructure
a Microstructure of coke; b microstructure of charcoal.

of fuels.

gasification of the fuel and therefore accelerated the
reactions. This led to the better reactivity of the
charcoal compared with the coke, so the higher the
content of the charcoal in the mixed fuel, the earlier
the reaction start time and the faster the weight loss
rate.

By comparing the difference between the experi-
mental and predicted values of the reaction rate of
mixed fuel, we could see that the charcoal was not
only a simple weighted average of fuel reactivity. The
results of previous studies showed that alkali metals
can promote the catalytic activity of fuel [15, 16], so
we focused on the detection of K and Na in coke,
mixed fuel and charcoal by EDS. The detection
results are shown in Figs. 6 and 7.

As shown in Figs. 6 and 7, alkali metals, K and Na,
were distributed throughout the fuels. The K and Na
content in coke was obviously less than that in bio-
mass fuel, which suggested that the reactivity of
charcoal was better than that of coke due to catalysis
by alkali metals. When alkali atoms are coordinated
around a C-C bond, the C atom is attracted which
elongates the C-C chemical bond and weakens the
binding strength, reducing the activation energy of
the reaction (catalytic effect) and making the fuel
reaction easier [16, 17]. The alkali metal content in the
mixed fuel with charcoal and coke at 50:50 was sig-
nificantly higher than that of coke alone, which made
the reaction rate of mixed fuel higher than the

Table 6 The surface area and

pore size distribution of fuels Samples Specific surface area (m”> g~ ') Pore volume (x 10% cc/g) Pore diameter (nm)

Charcoal 30.628
Coke 7.191

538.8 28.9690
144.2 40.0948
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K Kal

! 100pm !

K Kol

" 100pm :
K Kal

! 100pm !

Figure 6 Surface element scanning of K in fuels. a K distribution
in coke; b K distribution in mixed fuel; ¢ K distribution in
charcoal.
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a Kol

_NaKal

: 100pm .
Figure 7 Surface element scanning of Na in fuels. a Na

distribution in coke; b Na distribution in mixed fuel; ¢ Na
distribution in charcoal.
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Table 7 Sintering index and sinter properties

Groups Vertical sintering Tumbler Yield (%)
rate (mm min~") strength (%)

1 23.15 65.12 73.16

2 25.82 61.65 72.92

3 29.73 55.39 67.02

4 30.54 50.62 61.88

predicted value, reflecting the catalytic synergism
effect of charcoal on mixed fuel reactivity.

Effect of charcoal addition on sinter
properties

Sintered cup experiments were carried out according
to different schemes in Table 4, and the sintering
index and sinter properties were obtained, as shown
in Table 7.

The experimental results in Table 7 showed when
the content of charcoal substituted coke increased
from 0 to 20%, the vertical sintering rate increased
from 23.15 to 25.82 mm min ', the tumbler strength
decreased from 65.12 to 61.65%, and the yield chan-
ged slightly and kept around 73%. The sinter prop-
erties can meet the requirements of iron ore sintering
production. However, when the content of charcoal
increased from 20% to 60%, the sintering technical
indexes began to deteriorate, and the vertical sinter-
ing rate increased from 25.82 to 30.54 mm minfl, the
tumbler strength and yield decreased from 61.65%
and 72.92% to 50.62% and 61.88%, respectively,
which were not conducive to the sintering of iron ore
powder.

The sinter ore obtained by using different propor-
tion of charcoal instead of coke powder was sliced.
The microstructures of sinter ore were examined by
Laika phase microscope. Figure 8 shows the results
of the microstructures of sinter ore.

Figure 8a is the microstructures of sinter phase
obtained by conventional coke sintering. There were
a large number of calcium ferrite phase minerals in
the figure, and calcium ferrite phase was used as the
ideal bonding phase in sinter. The higher the content
of calcium ferrite phase was, the better the tumbler
strength and reductivity of sinter were. Figure 8b
shows the microstructure of sinter phase obtained by
20% charcoal and 80% coke. The content of calcium
ferrite decreased and large pores appeared in the

@ Springer
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Figure 8 The mineralogical microstructure of sinter ore. a 100%
Coke; b 20% Charcoal 4+ 80% Coke; ¢ 40% Charcoal + 60%
Coke.
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figure, and the distribution was not uniform. In
Fig. 8c, the content of bonded phase in sinter
decreased, but the calcium ferrite phase was difficult
to find. Because the sinter obtained by 60% charcoal
and 40% coke had poor strength and was easy to be
crushed in the process of sample preparation, no tests
had been carried out on the sinter obtained by using
60% charcoal and 40% coke. The results showed that
the sinter properties decreased with the increase in
charcoal content. Therefore, the reactivity of charcoal
should be reduced by reducing the specific surface
area and alkali metal content, so as to increase the
content of charcoal instead of coke powder to
sintering.

Conclusions

1. The combustion and gasification reaction experi-
ments showed that as the biomass fuel content
increased, the reaction rate of mixed fuel
increased, indicating that biomass fuel can
improve the reaction performance of mixed fuel.

2. In the combustion reaction experiment, as the
charcoal content increased from 20 to 80%, the
reaction time of mixed fuel decreased from 85 to
50 min, and the DTG« increased from 0.58 to
0.72 mg min . In the gasification reaction exper-
iment, as the charcoal content increased from 20
to 80%, the pre-exponential factor and activation
energy decreased from 4.7 x 10° and
191.08 kJ mol ! to 2.8 x 10° and 156.84 kJ mol !,
respectively.

3. Compared with coke, charcoal has a loose and
porous surface structure, which could provide a
large specific surface area for the reaction.
Biomass fuel also had a higher alkali metal
content, which acted as a catalyst and promoted
the reactions of mixed fuel. These reasons led to
the observed differences between the experimen-
tal and the calculated TG and DTG curves, where
larger differences are observed with increasing
charcoal content.

4. The sintering pot experiment shows that biomass
fuel is directly used to replace coke for sintering,
the main factor limiting the application of sinter-
ing is the reaction performance of biomass fuel,
and the sinter properties become worse with the
increase in the content of biomass fuel.
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