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This research looked at the performance of a 1,370 m3 blast furnace in operation at the MMK site after the
percent of pellets in the iron ore charge and the ore burden radial distribution at the furnace top were simul-
taneously changed. In the periods studied, the percent of pellets was within 28—40%. Through changing
the charging matrix, one built a burden layer at the furnace top which had different concentrations of iron
ore coming from a hopper of the bell-less top (BLT) charging system through sloping chute stations, where
stations No. 9—11, 6—8 and 3—5 are characterized by the following iron ore concentration (%): 85—94,
54—58 and 25—40 respectively. As a result, the authors determined what coke and iron ore distribution pat-
tern would be optimal for a blast furnace with a compact BLT charging system depending on the amount
of pellets in the burden.

When pellets account for 28—30%, the amount of iron ore materials charged in the peripheral zone of the
furnace with the sloping chute positioned to Stations 9—11 that proved to be optimal was 85—90%. When
the amount of iron ore charged at the above stations was reduced from 94 to 90% while Stations 3-5 saw
an increase from 25 to 29% and Station 2 saw a decrease from 45 to 22%, it became possible to cut the
consumption of coke by raising the amount of natural gas consumed from 13.1 to 13.9 th m3/h. The natu-
ral gas hydrogen utilization rose from 32.2 to 35.4% delivering a 4.6 kg/t of iron reduction in the specific
consumption of coke.

A 30 to 40% rise in the amount of pellets justified the increased concentration of iron ore in the peripheral
zone (from 85—90 to 93—94%). An increase from 85 to 93% made it possible to raise the consumption of
natural gas by 1.2 th m3/h reaching a substitution rate of 0.85 kg/m3.

Problem Statement

The distribution of burden at the furnace top has a
significant effect of the furnace performance. Maximum
performance can be achieved through an even circum-
ferential distribution of the burden materials by type
and size [1—8] and a balanced radial distribution at the
furnace top [9—17]. Such optimal process of burden for-
mation at the furnace top makes it possible to raise the
allowable flow rates of natural gas and blast air [18, 19]
while achieving maximum utilization of the chemical
and thermal power of the gas flow [20—22]. This charg-
ing optimization could result in a total 3% reduction in
the specific consumption of coke [13]. Various factors
dictate how the burden is formed at the furnace top,
including such parameters as chute slope angle, stock
line, stock size, burden characteristics (size of materi-
als, coke, etc.), path of the materials moving from the
chute to the existing layer, behaviour of the materials
on the burden top upon charging [23—28]. The effect
produced by the above factors on the counter flow of
the materials and gases manifest itself as a burden resist-
ance coefficient and an airflow counteraction [29, 30].
The key component that enables control over the burden
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distribution in a bell-less top furnace equipped with a
chute is a charging matrix. There are optimum radial
charging regimes that equate to maximum coke saving.
But they can vary depending on the blast furnace process
in place. Using the case study of MMK’s Blast Furnace
4 equipped with a compact bell-less top charging chute,
this study focused on understanding how the charging
matrix can influence the furnace performance.

Methods Applied

Five periods were studied using MMK’s Blast
Furnace 4. The difference between the periods was in
the percent of pellets in the iron ore charge and in the ore
burden radial distribution at the furnace top (Table 1).

The percent of pellets was raised for Period I1 com-
pared with Period I from 28 to 40% (Table 2). As pellets
are coarser (based on surface equivalent size) than sinter,
the size of the iron ore charge increased during Period
II compared with Period I by 3.8% (Table 3). According
to the findings of a previously conducted study, a greater
number of pellets in the charge is associated with their
higher concentration in the near-wall zone of a blast fur-
nace, which is indicated by an increased peripheral con-
centration of CO,, as well as by increased temperatures of
the stack, belly, and bosh cooling staves [31].

Higher concentration of pellets in the near-wall zone
leads to higher permeability of the peripheral zone. To



CIS Iron and Steel Review — Vol. 16 (2018), pp. 11-14

Ironmaking

12

of the sloping chute, %

Table 1. Concentrations of materials fed from all the stations

Coke
StationNo. | 11 | 10| 9 8 716 514|383 2
Period | 0|0 |6 |10|1219 11|14 | 0 | 28
Period Il 0 0 3 (1011171013 | 9 | 26
Period Ill OO0 |5 |5 |12 7 [17]|10]| 14 | 31
Period IV 0 0 4 5|11 6 |12 (10| 7 | 45
Period V OO0 |5 |11 |18 7 |9 |11]|22]22
Iron ore charge
StationNo. | 11 | 10 | 9 8 716 514 |8 2
Period | 021141018 |21 |17 | O 0 0
Period Il 4 (17 (18|12 (18|14 |17 0 | 0O | O
Period Il 16 |22 | 10| 6 | 13|15 (18| 0 | O | O
Period IV 18|29 |16 (12| 7| 8 (10| 0| O | O
Period V 8 [17 19|11 12|15 |17 | O 0 0

Table 2. Blast furnace 4 charge parameters

Parameters

Concentration of iron
ore in the burden
of the peripheral zone
(corresponding
to Stations 9-11), %

85 93 91 94
Periods | I 1l I\
Period length, days 7 7 8 7
Pellets in iron ore charge, % 28 40 31 31
Burden-weight ratio, t/t 3.54 | 3.51 | 3.37 | 3.29
Actual stock line, m 1.1 1.0 | 1.0 | 1.3
Concentration of iron ore
in the peripheral zone burden
coming from stations,%:
9-11 (0eripn) — PEripheral zone 85 93 91 94
6-8 (0u.on) — V-shaped contourzone | 54 | 54 | 58 55
3-5 (0tye;) — in between the centre 40 | 34 | 30 | 25
and the V-shaped contour zone
Iron ore concentration ratio in circular
zones:
Operiph / Oly-cont 1.56 | 1.74 | 1.57 | 1.70
(xperiph /(Xinter 2 1 3 270 298 372
Oty-cont /Olinter 1.37 | 155 | 1.90 | 2.19

Table 3. Burden materials sizes

Concentration of iron ore in the
burden of the peripheral zone
Parameters (corresponding to Stations 9-11),%
85 93 91 94
Surface equivalent size of, mm:
sinter 9.6 9.9 9.7 9.7
pellets 12.7 12.3 12.3 12.3
iron ore concentrate 10.4 10.9 10.5 10.5
coke 69.6 69.5 72.2 69.3
Weighted average size, mm:
sinter 17.4 17.3 16.8 17.0
pellets 14.4 14.3 14.2 14.2
iron ore concentrate 16.5 16.1 16.0 16.1
coke 59.5 57.4 60.5 56.3
Uniformity of size:
sinter 0.55 0.57 0.58 0.57
pellets 0.88 0.86 0.87 0.87
iron ore concentrate 0.64 0.69 0.67 0.66
coke 1.17 1.21 1.19 1.23

prevent excessive peripheral drive, the iron ore concen-
tration in the zone corresponding to Stations 9—11 was
increased from 85t0 93% (Table 1) during Period 11 com-
pared with Period I.

During Periods I11-V, the iron ore concentration in
the peripheral zone corresponding to Stations 9-11 was
changed from 90 to 94% due to changes in Stations 6—8
(from 58 to 55%), Stations 3—5 (from 30 to 25%) and
Station 2 (from 55 to 78%). In those periods pellets ac-
counted for 31—32% of the iron ore charge.

Results

A greater size (surface equivalent size) of the iron ore
charge due to a greater number of pellets in Period 11 ver-
sus Period I made it possible to raise the natural gas flow
from 15.1 to 16.3 th m3/h. At the same time, the output
of the tuyere gas rose by 1.1% (Table 3). An increased
burden-weight ratio in the peripheral zone was associ-
ated with a more efficient use of natural gas. This is indi-
cated by a 1% (abs.) rise in the hydrogen utilization during
Period II versus Period I (Table 4) and a decrease in the
specific consumption of coke by 2.5 kg/t of iron (Table 3).
This became the result of the furnace gases moving pre-
dominantly through the V-shaped contour zone and par-
tially through the near-wall zone, which was indicated by
achange in the radial concentration of CO, (Fig. 1) and a
greater difference between the average gas temperature in
the peripheral zone and the average offtake temperature —
361 versus 343 °C (Table 5).

The burden resistance coefficient rose from the mid-
dle stack to the top by 2.56% (see Table 5). The biggest
rise was observed in the annular zone corresponding to
Stations 7, 8 (Table 6), which provides another indication
of the gas flowing predominantly through the V-shaped
contour zone.

Due to the increased amount of iron ore in the pe-
ripheral zone (corresponding to Stations 9—11) — from
8510 93% — and with the percent of pellets raised from
28 to 40%, it was possible to reduce coke consumption
by consuming 1.2 th m3/h more of natural gas with the
substitution rate of 0.85 kg/m3.

During Period 111 (Table 7), the iron ore concentration
in the peripheral zone corresponding to Stations 9—11 was
91%. Increasing the iron ore concentration to 94% during
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Fig. 1. CO, radial concentration in the upper
stack of blast furnace 4 during Period I (7)
and Period II (2)
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Table 4. Blast furnace 4 key process parameters Table 6. Blast furnace 4: gas dynamics parameters
Concentration of iron ore Concentration of iron ore
in the burden of the peripheral in the burden of the peripheral
Parameters zone (QOFFBSDOHdlf;Q Parameters zone (corresponding
to Stations 9-11), % to Stations 9-11),%
85 | 9 | 91 | o 85 | 93 | o1 | o4

Period length, days 7 7 8 7 Burden resistance coefficient:

Specific consumption of coke Upper stack 0.39 | 0.40 | 0.41 | 0.41

(dry coke, skip coke), kg/t of iron: 00 | 4893 | 5013 6 Bosh 6.27 6.73 | 6.86 | 7.02
actual (K act) 479.9 | 489.3 | 501.3 | 514. -

c orrectecsip(%sp_m 4799 | 477.4 1 501.3 | 502.9 Tuyere gas output, m.3/m|n 4006 | 4049 | 3518 | 3489

Tuyere flow: Top gas output m3/min 4364 | 4441 | 3887 | 3829
Blast, m3/min. 3062 | 3069 | 2642 | 2603 Gas pressure loss
Natural gas, th m3/h 15.1 | 16.3 | 13.7 | 13.1 in the upper section, kPa/m 2.26 236 | 1.89 | 1.90

Air blast temperature, °C 1151 | 1156 | 1169 | 1157 Airflow counteraction

Water steam flow, g/m3 of air blast 1.3 0.6 41 7.0 from the middle stack tothe top,% | 14.9 | 15.23 | 12.46 | 12.63

Oxygen in air blast,% 270 | 274 | 279 | 28.2

Capacity, t/day: Table 5. Gas temperature in blast furnace 4 upper section
Based on actual amount ’ -

C trat f
of fed charges 3491 | 3659 | 3222 | 3124 (;':Z?: tfe'g:r% efrrf’n
As corrected 3491 | 3658 | 3222 | 3135 )
- - of the peripheral zone

(klg/rlsouf?:gzgn of burden materials, Parameters (corresponding
Iron ore 1697 | 1717 | 1690 | 1694 o Stations 9-11), %
Manganese ore 10.8 | 57.6 | 12.7 | 14.7 85 | 93 | 91 | 94

Driving rate: Gas temperature in the peripheral zone
By air blast, m3/(m3 minute) 224 | 224 | 193 | 1.90 of the stack, 'C 566 | 550 | 541 | 515
By total carbon, t/m3 days: 1.03 | 1.10 | 1.0 | 0.97 Circular gas temperature gradient

Theoretical flame temperature, °C 2158 | 2183 | 2213 | 2223 in the peripheral zone of the stack, °C 107 | 125 | 432 | 394

Fe concentration in the burden,% 57.2 | 56.6 | 57.5 | 57.3 Gas temperature by top of burden zone, “C:

Utilization, %: Peripheral zone (T, o) 372 | 313 | 289 | 286
Cco 423 | 42.7 | 42.2 | 40.6 V-shaped contour zone (Ty_qon) 160 | 133 | 272 | 290
H2 322 | 33.2 | 326 | 32.2 Furnace centre (T,) 428 | 390 | 355 | 370

Temperature ratios:
Period IV while bringing it down at Stations 6—8 — from 58 to Toeripn / Tv-cont 2.33 | 2.35 | 1.06 | 0.99
55%, Stations 3—5 — from 30 to 25% and Station 2 — from Tocripn /To 0.87 | 0.81|0.82|0.78
69 to 55%, resulted in a smaller difference between the aver- _Tc /T _ 268 | 2.93 | 1.30 | 1.28
age gas temperature in the peripheral zone and the average Differential temperature Tpoipn — Toarer C | 343 | 361 | 323 | 298
offtake temperature — 298 versus 323 °C (see Table 5). This
indicates that the gas travels predominantly through the cen- Conclusions

tre of the furnace. Apart from changing the charging matrix
by increasing the burden-weight ratio in the peripheral zone,
the contributing factors included a decreased weighted aver-
age size of coke (from 60.5 to 56.3 mm) (Table 3) and an in-
creased weighted average size of iron ore materials (from 16
to 16.1 mm) (Table 3). This led to an excessive exposure of the
peripheral zone of the furnace and made it relevant to reduce
the natural gas flow rate from 13.7 to 13.1 th m3/h (Table 4).
The utilization of H, and CO dropped by 0.4% (abs.) and 1.6%
(abs.) correspondingly (Table 4). During Period 1V, the specif-
ic consumption of coke, that was set per the basic Period 111,
was raised by 1.6 kg/t ofiron (Table 4), and the furnace output
dropped from 3,222 to 3,135 t/day.

To enhance performance, during Period V the concentra-
tion ofiron ore was reduced in the burden of Stations 9-11 from
94t0 90% while being raised in the burden of Stations 3—5 from
25t029% and Station 2 from 55 to 78 %. Changing the charg-
ing matrix improved the natural gas utilization. This enabled
to bring the gas consumption from 13.1 up to 13.9 th m3/h for
coke saving and, secondly, increase the utilization of the natural
gas hydrogen from 32.2t0 35.4% (Table 4), which resulted ina
4.6 kg/t of iron reduction in the specific consumption of coke.
The coke-to-natural gas substitution rate was 0.91 kg/m3.

The authors determined what coke and iron ore distri-
bution pattern would be optimal for a blast furnace with a
compact BLT charging system depending on the amount
of pellets in the burden.

When pellets account for 28—30%, the amount of iron
ore materials charged in the peripheral zone of the fur-

Table 7. Radial gas dynamics parameters

Airflow counteraction from the middle stack to the top by station,%:

StationNo.| 11 | 10 | 9 | 8 7 6 | 5| 4 3 2

Period | 12.5(12.5|14.1|16.0| 14.9(15.6| 14.9|48.0(48.0 | 48.0

Period Il 12.7(12.7(13.4|/16.0| 15.2|17.4|15.2|50.3|50.3 | 50.3

Period Il 10.3(10.3|12.2|13.8|13.8|12.2|13.8|40.1|40.1 [ 40.1

Period IV | 10.4|10.4|11.7{12.3|16.8 | 14.0|15.7|40.5| 40.5|40.5

Period V 79179|87(10.6/10.6| 9.4 | 9.4 {30.9/30.9|30.9
Burden resistance coefficient by station:

StationNo.| 11 | 10 | 9 8 7 6 5 4 3 2

Period | 1.14(1.14]0.90(0.71]0.810.74|0.81]0.09{0.09 | 0.09
Period Il 1.19(1.19(1.07(0.77]0.84|0.65|0.84|0.09| 0.09 | 0.09
Period Ill [1.20]1.20|0.88]0.70|0.70/0.88|0.70|0.09] 0.09 | 0.09
Period IV | 1.22(1.22]0.98|0.89|0.50(0.70|0.57 |0.09| 0.09 | 0.09
PeriodV  {0.91{0.91]0.77|0.52| 0.52 |0.66| 0.66 |0.07| 0.07 | 0.07
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nace with the sloping chute positioned to Stations 9—11
that proved to be optimal was 85—90%. When the amount
ofiron ore charged at the above stations was reduced from
94 to 90% while Stations 3—5 saw an increase from 25
to 29% and Station 2 saw a decrease from 45 to 22%, it
became possible to cut the consumption of coke by rais-
ing the amount of natural gas consumed from 13.1 to
13.9 th m3/h. The natural gas hydrogen utilization rose
from 32.2 to 35.4% delivering a 4.6 kg/t of iron reduction
in the specific consumption of coke.

A 30 to 40% rise in the amount of pellets justified the
increased concentration of iron ore in the peripheral zone
(from 85—90 to 93—94%). An increase from 85 to 93%
made it possible to raise the consumption of natural gas
by 1.2 th m3/h reaching a substitution rate of 0.85 kg/m3.
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