Abridged version

KAWASAKI STEEL TECHNICAL REPORT
No.38 (April 1998)
Ironmaking Technology
and Tubular Products Technology

Development of a Smelting Reduction Process for Recycling
Steelmaking Dust

Shinji Hasegawa, Haruo Kokubu, Yoshiaki Hara

Synopsis :

Kawasaki Steel has developed, in Chiba Works, a new smelting reduction process for
the recycling of the steelmaking dust containing valuable metals. This process is
characterized by a coke packed-bed shaft furnace with two-stage tuyeres (STAR process)
which enables direct use of dust without agglomeration. Bench-scale and pilot-plant
tests were carried out to confirm the principles and effectiveness of the process. A
commercial plant with the metal production of 140 t/d started its operation in May, 1994
and has been operating successfully. Development of the STAR process has enabled to
improve the retrieving ratio of metallic sources (Fe, Cr, Ni) contained in steelmaking

dust.
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1 Introduction

A new process for treating steelmaking dust contam-
ing valuable metals and recovering them as smelting-
reduced metals was developed at the Chiba Works of
Kawasaki Steel. The coke packed-bed shaft furnace with
two-stage tuyeres (the STAR process)!’ developed at
Kawasaki Stecl was applied in this dust treatment
process.

The dust gencrated in a steelmaking plant contains
large quantities of valuable components and it is envi-
ronmentally beneficial to recover and reuse them. Steel-
making dust has so far been formed into briquettes,
which have been reinjected into the converter. However,
becausc part of the dust recharged as briquettes gener-
ates dust, this recycling method has been inefiicient. In
the new process, however, dust is directly injected into
the tuyercs in powder form without being briguetted.
making it possible to recover the valuable metals con-
tained in dust at high vyicid ratios. For this reason, the
water-treatment  sludge containing the small-particle
dust from the pickling line of a rolling mill can also be
used as the raw material.

In developing this process, bench-scale fundamental
studies were first conducted. Then the principles of the
process were confirmed and its superiority were demon-
strated by conducting experiments in a 10t/d pilot
plant?. After that, the pilot plant was scaled up to a

* Originaily published in Kawasaki Steel Giko, 290199731, 51 35
32

Synopsis:

Kawasaki Steel has developed, in Chiba Works, a new
smelting reduction process for the recycling of the stecl-
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commercial plant with metal production of 140 v/d". The
commercial plant has been running smoothly since its
start-up in May 1994, This report describes the princi-
ple of the coke packed-bed shaft furnace with two-stage
tuyeres for recycling steclmaking dust and the contents
of the pilot plant test, and gives an overview of the
equipment and operation of the commercial plant.

2 Principle and Features of this Process

A conceptual diagram of this process is shown in Fig,
1. The furnace body is a coke packed-bed vertical shafl
furnace with two-stage tuyeres and the raw materials are
injected in powder form into the upper tuyeres together
with blast. The raw materials thus injected are fused
instantaneously in the high-temperature region at a theo-
retical flame temperature of 2 500°C or above formed in
the upper tuyeres to prevent them from scattering. The
fused oxides arc reduced and become molten metal
while dripping down through the high-temperature,
intensively reducing region formed in the coke-packed
bed between the upper and lower tuyeres. The heat nec-
essary for the rcaction is compensated by the heat of
combustion i the lower tuyeres.

The features of this process are described below.
(1) Because raw materials are injected through the

upper tuyeres in powder form and are smelted, the

agglomeration process can be omitted.
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(2) It is possible to reduce difficult-to-reduce oxides by
utilizing the high-temperature, intensively reducing
region hetween the upper and lower tuyeres in a coke
packed-bed shaft furnace with two-stage tuycres.

(3) Because this shaft furnace has a lower height than
the blast furnace and there is no ore in the shaft por-
tion, the permeability of the furnace is nigh and smail
lumps of coke can be used.

{4) Because the reaction 1s almost 100% direct reduc-
tion, it is possible 1o recover by-product gas that is
higher in calorics than the by-product gas from the
blast {urnace.

(5) Because the construction of the lower part of the
furnace is almost the same as the blast furnace, the
refractorics wear less than with the iron bath typc.

3 Pilot Plant Test

In order to apply the coke packed-bed shaft furnace in
dust treatment, a test was conducied in the pilot plant for
the purpose of gathering data for demonstrating this
technique and scaling up the pilot plant.

3.1 Test Method

Figure 2 shows a schematic diagram of the equip-
ment of the pilot plant of a coke packed-bed shaft fur-
nace with two-stage tuyeres. This pilot plant was com-
posed of the furnace proper with an inside diameter of
1.2 m, a raw material supply device by air stream trans-
port, a hot blast generator and a waste gas treatment
device. The operation conditions are shown in Table 1
and the chemical composition of the dust used in the test
is shown n dabie 2. he plast volume and fecd rate ot
the raw material were varied in order to evaluate the
smelting capacity. The dust was mixed with flux to
adjust the composition of generated slag and was
injected through the upper tuyeres.
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Fig. 2 Schematic diagram of the process flow for
pilot plant

Table 1 Operation conditions
THiastvolmme T (Nw/hyp o TIR0-IL0
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_Blast temperatre (0 7H0-830
Feed rate of raw material — (kg/h) 6830-1100 B

_ Coke rafc 1405-1573
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Table 2 Dust composition (
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3.2 Results of Test

After the furnace body was heated by blowing hot
blast and injecting iron ore, steelmaking dust was
injected for about 3 days. The transition of operation
during this period is shown in Fig. 3. Durimg the test
period it was possible to keep the metal temperature at
1 450°C or above and the FeO concentration of slag at
1.0% or less; there was no problem in reduction or
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metal/slag balance and operation continued smoothly.
Metal production was 14.91/d maximum. From the
results of this test, it was possible to demonstrate that
the smelting reduction of steelmaking dust can be con-
ducted in the pilot plant of a coke packed-bed shaft fur-
nace with two-stage tuyeres.

Figure 4 shows the relationship between the raw
material injection rate {Wd) per O, volume (Vy ) in the
blast in the upper tuyercs, 1.e., Wd/Vq, (the raw material
injection rate per quantity of heat input in the upper tuy-
eres), and the concentrations of total Cr and MnQO of
slag ((T.Cr) and (MnO}). Because (T.Cr) and (MnQ)
increased abruptly at Wd/V, of about 3 ke/Nm® and the
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Fig. 5 Relation between (T.Cr) and [Si]

metal temperature also showed a tendency to decrease,
this value might represent the upper limit of raw mater-
jal injection ratc in the pilot plant in terms of smelting
capacity.

The relationship between (1.Cr) and the Si concentra-
tion of metal ([Si]) i1s shown in Fig. 5. A comparison at
the same [Si] level shows that steelmaking dust has
lower (T.Cr) than Cr ore. Because [Si] changes depend-
ing on the furnace heat level, it is apparent that steel-
making dust has better reducihility than Cr ore.

4 Construction of Commercial Plant

4.1 Scaling up to Commercial Plant

The smelting region in this process is between the
raceways of the upper and lower tuyeres and the hmit of
smelting capacity was evaluated by the heat utilization
rate hetween the upper and lower tuyeres determined
based on a partial heat balance model.

Ef: Qredf(Qin — QIOSS) ................. (1)

Qred: Sum of the necessary heat for smeiting redue-
tion of raw materials and the sensible heat of
melt

Qin: Heat input to the region between the upper
and lower luyeres

Oloss: Loss of furnace body heat between the upper
and lower tuyercs

In order to obtain correspondence between the heat uti-
lization rate and the scale of equipment, the cylindrical
region between the upper and lower tuyeres shown in
Fig. 6 was regarded as the smelting region and a para-
meter of heat utilization ratio (L/GY(XR/A1)” was intro-
duced. This parameter is defined by the product of the
ratio of the surface area of coke in this region to the
cross sectional arca of hearth and the ratio of velume
flow rate of gas 1o meit. In this paramcter, L denotes the
volume Hlow rate of melt. 7 denotes the volume flow
rate of gas, XR denotes the surface area of coke 1n the
smelting region, and Al denotes the cross sectional area
of the hearth.
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The limit of smelting capacity in the treatment of
steelmaking dust in the pilot plant is, as mentioned car-
licr, at Wd/V,, of 3 kg,/Nm3 at which (T.Cr) and (MnO)
increase abruptly in Fig. 4, where the heat utilization
ratio Ef was 0.44.

Ef is plotted against (L/G)AXR/AL) in Fig. 7. The val-
ues of Ef in the treatment of steehmaking dust in the
pilot plant can be rearranged on almost the same curve
as that of the benchscale test with different conditions of
Cr ore injection and scale of test. Therefore, 1t is appar-
ent that the calculation of the operation parameters of a
commercial plant and the design of the spacing between
the two-stage tuyeres, etc., can be carried out from the
partial heat balance model and the relationship shown in
Fig. 7. In the construction of the commereial plant, the
smelting capacity was also examined from the stand-
point of rate of reduction reaction of FeO and Cr,O; on
the coke surface.

4.2 Overview of Equipment

The process flow and main specifications of the com-
mercial plant are shown in Fig. 8 and Table 3, respec-
tively. This plant, which has a hearth diamcter of 4.0,
a furnace height of 11.5m and an inner volume of 140
m’, is a smelting reduction shaft furnace of the coke
packed-bed type equipped with 4 sets ot upper and
lower tuyeres in the lower part of the shaft. The flow of
dust treatment process is described below:

(1) The dust recovered from the steelmaking waste gas

and the sludge from the pickling line are received as a
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Table 3 Main specifications of commercial plant
Tamlvolume | T e T
Hearth diameter (m) ) 4 L

B Fﬁlrhﬁiheigh!_ - @) 11.5

" Cooling devi i ) VCl;_(:ﬂ_‘lr_l.E.%[.aVL‘ .
. 4 % 2 stage

7?@n1b@p’_ﬂf_iru1) notches _ 1 1

‘Number of tuyeresﬂ

slurry. The moisture content of the slurry is controlled

to about 50% by a decanter. The slurry is stored in a

slurry tank and then spray-dried rapidly by a spray

dryer, so that it becomes a powder with moisture con-
tent of 0.5% or less and particle size of 10-700 gm.

(2) After the dried powder is mixed with flux to control
the slag composition, it is injected into the furnace
along with hot blast through the upper tuyeres by air
stream transport and is recovered as molten metal
from the iron noteh.

Because only small lumps of coke are charged as the
reducing agent from the furnace top, the top gas con-
taing about 53-35% (O and about 1-2% H, and is
higher in calories (about 1 670 kcal/Nm®) than blast-fur-
nace gas. This top gas is recycled after the dust removal
by a gas cleaning system.

5 Operation of the Commercial Plant

5.1 Condition of Operation

The commercial plant was brought into operaton in
May 1994. The transition of metal production since the
blowing-in is shown in Fig. 9. The designed production
capacity of 140 1/d was achieved after the start-up period
of about 6 months, and production has since heen fur-
ther increased to about 150 -160 t/d.

The operation conditions are shown in Table 4. The
reason why the coke rate is about three times the level of
biast furmace is that the reaction is almost 100% direct
reduction and that the mcll heat is taken away by the
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Table 4 Operating conditions

etal production  (t/d) T
vke rate T T T ka0 ] Tidse T
(Nm*/min) | U5
" Oxygen enrichment (Nm*/min) 36
" Hot inel_;_{l temperature {¢C) Tt j _

Table 5 Composition of metal

. il
______ e T Ni ST
7785 , =16 | 3542
Table 6 Composition of slag
(%)
W] TG [ G0 | S0, | A,
018027 | 012038 | 37-38 o N

radiation heat of the furnace body due to the small fur-
nace volume. The required quantity of heat for reduction
is about 660 Mcal/t-metal, which accounts for about
189 of the heat of combustion of coke to CO, which is
| 730 Mcal/t-metal. The metal temperature is controlled
by changing the blast and oxygen distribution ratio
between the upper and lower tuyeres according to the
amount of injected raw materials so that it becomes
1 450°C to 1 550°C. The method of furnace heat control
is described in detail in the foilowing sub-section.

The chemical compositions of the gencraled metal
and slag are shown in Tables 3 and 6, respectively. The
Ni and Cr content of this metal {[Ni] and [Cr]) vary
depending on the kind of product in the steelmaking
shop. The metal is used as the raw material for steel-
making and the yield of Cr from this by-product has
increased from 90% to 97%. (T.Cr) is low al
0.12-0.18%, and the slag is used again as the blast-fur-
nace slag.

5.2 Furnace Heat Control

In order to investigate the effect of the heat input dis-
tribution ratio of upper and lower tuyeres, we can refer
to the relationship between heat and metal temperature
shown in Fig. 10. Specifically, this figure shows the rcla-
tionship between the ratio of the total heat supplied from
the upper and lower tuyeres (1.Qin) 1 the quanuty ol
heat necessary for reducing the material (Qred),
T.Qin/Qred, and the metal temperature. It also shows the
relationship between the ratio of the heat supplied from
the lower tuyeres (L.Qin) to the necessary heat for
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reduction (Qred), L.Qin/Qred, and the metal wempera-
ture. In both cases, the metal temperature riscs if the
heat input increases relative to the necessary heat Qred.
However, L.Qin/Qred has a stronger correlation to the
metal temperature than T.Qi/Qred, indicating that the
metal temperature is raised by increasing the distribution
tatio of heat supplicd from the lower tuyeres cven if the
total heat input is the same. This proves that changing
the heat input from the lower tuyercs is effective as a
means of controlling furnace heat in this process.

The cffect of the furnace heat on the reduction behav-
ior is shown in Fig. 11. The furnace heat was evaluated
by [Si] and the reduction behavior was evaluated by the
ratio of (MnO) to the Mn concentration of the metallic
by-product ({Mn]), (MnO)/[Mn]. 1t is apparent that the
higher [Si), the tower (MnO)/[Mn]; in other words the
higher the furnace heat, the greater the reduction of
NMnG. ine reduction behavior of Uy and FeQ was
also investigated and similar resulis were obtained®,

It became apparent from the foregoing that not only
the furnace heat, but also reduction can be controlled by
adjusting the heat supplied from the lower tuyeres by the
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blast volume and enriched oxygen after calculating the
necessary heat for reduction from the compesition and
feed rate of raw material powder.

6 Conclusions

Kawasaki Steel developed a new process for the
smelting reduction of steelmaking dust and recovery of
valuable metal components at high yields using a coke
packed-bed shafl furnace with two-stage tuyercs (the
STAR process).

Before the construction of the commercial plant, a
pilot ptant test was conducted to demonstrate the princt-
ples and superiority of the process and the following
results were obtlained:

(1} Continuous operation for about three days was pos-
sible at metal temperatures = 1450°C and FeQ con-
centrations of slag = 1.0%.

(2) 1t is possible to evaluate the upper limit of smelting
capacily from the relationship between the raw mater-
jal injection rate relative to heat input and the total Cr

No. 38 April 1998

and MnO concentrations of slag.
On the basis of the above test results, the pilot plant was
scaled up to a commercial plant (metal production
capacity: 140 t/d) which started operation in May 1994
After the start-up period of about 6 months, the designed
production capacity of 140t/d was achieved and the
commercial plant has since been operating smoothly.
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