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Thermal solidification of stainless steelmaking dust
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Abstract: Stainless steelmaking dust makes an environmental problem in the disposal or landfills and has been assigned as a
hazardous waste by various government regulatory agencies because it leaches heavy metals to the groundwater or rainwater in the
concentrations exceeding the environmental guidelines for solid waste disposal. Solidification of the dust is to stabilize the hazardous
components into amorphous silica-alumina-based clays. Various mixtures of stainless steelmaking dust and clay were investigated
and the softening temperatures of these mixtures were measured. The results indicate that the mixture of stainless steelmaking dust
and clay additive with 1:1 ratio has the lowest softening temperature of 1 100 “C. The clinkers can pass the TCLP leaching test after
being thermally treated at the softening temperature for 15 min. A thermal process for the solidification of stainless steelmaking dust
with typical clay is developed and the product is desirable for the production of bricks or disposal and landfill.
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1 Introduction

Stainless steelmaking dust is a by-product of
steelmaking operation. Approximately 1%—2% (mass
fraction) of scrap charged in smelting furnaces enters
into the exhaust gases and then is converted into the
dust[1]. The disposal or landfill of this waste becomes a
serious environmental problem in recent years due to the
fact that the production of stainless steels increases in
China. The dust contains elements such as Cr, Ni, Pb, Zn,
Cd and their solubility in leaching media exceeds the
environmental regulatory limits[2].

Several stainless steelmaking dust treatment
technologies have been developed and they can be
divided into two main groups. One group is to recover
the metals present in the dust[3—5] and the other is to
stabilize hazardous components of the dust[6—7]. Some
high temperature metal recovery processes have
presently been applied to treat most part of stainless
steelmaking dust. But they are only suitable for the dust
with high contents of nickel, chromium and other
valuable metals[8]. As for the dust with low metal
content or a small amount of dust, solidification is an
appropriate choice before disposal or landfills.

Solidification technology has been widely used for

the treatment of inorganic wastes and contaminated soils
before final disposal. CONNER and HOEFFNER[9]
summarized the solidification technologies and indicated
that fly ash was one of the most common binders in
waste stabilization. HASSETT and PFLUGHOEFT-
HASSETT[10] made use of coal combustion by-products
for the solidification of hazardous wastes. Fluidized bed
combustion coal ash was used as a binder for the
solidification and stabilization of metal-bearing sludges
from a hazardous waste treatment facility[11].
RODRIGUEZ-PINERO et al[12] described the
chromium behavior in the solidification of a steel
industry waste using a common fly ash from a pulverized
coal power station as the binder and indicated that the
stabilization of Cr(VI) present in the waste required a
reducing pretreatment with ferrous sulfate to attain
toxicity = characteristics leaching procedure(TCLP)
leachates within the limits. PELINO et al[13] developed
a vitrification process to immobilize the hazardous
elements in electric arc furnace dust by mixing the dust
with cullet and sand, and pointed out that the stability of
the product was influenced by the glass structure which
depended on the Si/O ratio. The thermal behavior of the
electric arc furnace dust from stainless steel and carbon
steel operations was determined and a thermal process
for the stabilization of the dust by vitrifying with clay was
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developed[14].

The objectives of this study are to find a low cost
additive for the solidification of stainless steelmaking
dust, to optimize the compositions of the dust-additive
mixture and process conditions and to ensure that the
clinkers of solidification passes TCLP test. In order to
achieve these, the solidification temperature is a key
point. It was found that stainless steelmaking dust
softened above 1 600 °C. This temperature is too high to
process the dust clinkers economically. Therefore, it is
necessary to reduce the melting temperature of the dust
by adding certain modifying ingredients. Silica and
alumina are additives that readily modify the melting
temperatures of ceramic ware. They are also effective
glass forming substances which help to immobilize the
heavy metals present in the stainless steelmaking dust.
The mixture of the dust and additive is investigated and
the softening temperature is measured in this study.
Consequently, the thermal characteristics and
leachability of the clinkers are investigated.

2 Experimental

2.1 Raw materials

Two different kinds of stainless steelmaking dust
samples used in this study were obtained from stainless
steel industries. One was a newly collected dust acquired
from the bag-house, which was a dry fine powder. The
other was taken from a stockpile located in the open air,
which contained a large amount of water. The stockpile
dust was too wet to be processed in the experiments.
Therefore it was dried for 24 h at 100 ‘C and broken
down by passing a rod-roller. Since the dusts were
formed in air at high temperature, all the metal elements
were oxidized. Elemental analysis of two dust samples
was performed using X-ray fluorescence(XRF) and
inductively coupled plasma(ICP). The compositions of
the samples are given in Table 1.

A low cost local clay was used as the additive for
the solidification of stainless steelmaking dust. The main
chemical compositions of the clay are given in Table 2.
The clay was spread on the floor and dried for a few days,
and then was split using a sample splitter before
processing.

2.2 Experimental procedure

The stainless steelmaking dust and the additive were
mixed in different dust-to-additive ratio and then molded
into the brick and dried at room temperature for 3 d. A
muffle furnace was used to heat the bricks in the rate of
4 ‘C/min to a given temperature and then kept for 15
min.

A K-type thermocouple was used to detect the tempera-
Table 1 Compositions of stainless steelmaking dust used (mass
fraction, %)

Sample
source

Bag-house 5.14  0.64  9.02 16.3 51.3 441

SlOz A1203 CaO Cr203 FeZO3 Mn02

Stockpile 5.45  0.66  9.14 15.1 48.0 4.67

Sample
source

Bag-house 6.25 0.29 0.96 3.63 0.08

NiO PbO ZnO MgO TiO,

Stockpile  6.70 0.16 0.93 3.48 0.12

Sample

source P205 NazO C Cdo Kzo
Bag-house  0.30 0.60 0.7 0.01 0.72
Stockpile  0.62 0.53 0.6 0.01 1.47

Table 2 Main compositions of additive (mass fraction, %)
SIOZ A1203 FeZO3 CaO MgO
54.13 14.37 6.82 3.63 2.74

temperature of the bricks and to control the process. The
softening temperatures of mixtures were measured by
checking the volume changes of the clinkers in the
thermal processing. The ratio of stainless steelmaking
dust and additive clay in the mixture was determined
according to the lowest softening temperature[15—16] in
the consideration of economical solidification. The
leachability and thermal characteristics of the clinkers
were analyzed after thermal treatment.

Thermogravimetry analysis(TGA) was used to
monitor the mass change of the mixtures as a function of
temperature and time in thermal processes of the
solidification and the thermal behavior of the clinker.
Differential thermal analysis(DTA) was used to detect
the temperature changes caused by chemical or physical
reactions as a function of temperature and time in the
solidified samples and clinkers. Fourier transform
infrared spectroscopy(FTIR) was used to identify
gaseous species evolution during the thermal processes
of the mixtures and clinkers.

The clinkers  produced
solidification were subjected to leaching tests as
specified in the US environmental protection agency
(EPA) regulations for solid waste. The tests included

through  thermal

breaking down the clinkers and selecting some small
particles to make samples, with size less than 10 mm,
followed by leaching at room temperature for 24 h
(longer than 18 h, so stricter than TCLP) in a buffered
solution of acetic acid and acetate (pH 5.0). Inductively
coupled plasma(ICP) was used for the elemental analysis
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of the leachate solution to compare the results with EPA
regulations.

3 Results and discussion

3.1 Determination of mixture composition and
softening temperature

It was found in our previous investigations[2, 17]
that the stainless steelmaking dust sintered without
melting at high temperature over 1 300 C and softened
above 1 600 C. These temperatures were too high to
process the dust clinkers economically. Therefore, the
melting temperatures of the dust had to be lowered down
by addition of additives. The temperature of
solidification depended on the softening temperature of
the dust and additive mixture.

The densities of clinkers changed in the thermal
process. They got small at low temperature in the
beginning of thermal process, but would get large after
being heated over softening temperatures. In other words,
the volume of thermally treated products increased under
softening temperature. When being treated above the
softening temperature, the volume of the clinkers would
decrease quickly. In this consideration the softening
temperatures could be determined by measuring the
sharp volume changes after the clinkers cooled down to
determine the composition of the mixtures. The results of
volume changes with the temperature are given in Figs.1
and 2.

0.14
o— 40% dust
0.121 o— 45% dust
a— 50% dust
S 0.10 x— 55% dust
%
E 0.08
=]
2 0.06+
=
S 0.04}
0.02r
0 il : . M L
200 500 800 1100 1400
Temperature/C

Fig.1 Volume changes of bag-house dust-clay mixture in
thermal process

It can be seen from Figs.1 and 2 that the mixtures
with two kinds of dusts and clay have the same thermal
characteristics. The softening temperatures of the
mixtures with 40%, 45%, 50% and 55% dust are 1 280,
1200, 1100 and 1 180 °C, respectively.

The main concern for thermal solidification of
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Fig.2 Volume changes of stockpile dust-clay mixture in thermal

process

stainless steelmaking dust is the energy consume. The
temperature of thermal solidification is dependent on the
softening temperature because only by thermally treating
over this temperature can the hazardous materials present
in the dust be immobilized. The mixture of 50% dust and
50% clay showed the lowest softening temperature for
the thermal solidification of two kinds of dusts.
Therefore, the composition of the mixture could be
determined in this way and 1 100 ‘C was confirmed as
the thermal solidification temperature.

3.2 Analysis of thermal process

Dry mixtures were prepared by weighing and
combining equal amounts of stainless steelmaking dust
and clay. The thermal process of solidification was
analyzed with TGA, DTA and FTIR. Fig.3 gives the
diagram of TGA/DTA/FTIR of the mixture in the
thermal process. From Fig.3, TGA/DTA up to 1 200 C
highlighted that the mass loss of the mixture was 6.5%
(mass fraction). 2% mass loss in the temperature range of
580—800 ‘C was caused by the decomposition of
CaCOs. Above this temperature range, the mass losses
were also observed due to the volatilization of zinc and
lead, accompanied by an endothermic effect in the DTA
trace. FTIR analysis showed that the water evaporated at
about 120 ‘C. Small amounts of HCI, SO, and HF were
detected at high temperature over 950 ‘C, and SiF was
also detected, which resulted from the reaction of HF and
SiO; at high temperature.

3.3 Characterization of clinkers
The major crystalline phases of clinkers identified
by XRD were (Fe, Cr);04, (Fe, Cr),0s, Fe,O; with minor
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amounts of anorthite and quartz (Fig.4). Most (Fe,Cr);04
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Fig.3 TGA/DTA/FTIR curves of thermal process
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Fig.4 XRD pattern of clinker

present in the dust was oxidized into (Fe, Cr),0; and
Fe,0;. The clinker appeared visually porous and had a
sinter-like texture. SEM examinations for bag-house dust
mixture (Fig.5) and stockpile dust mixture (Fig.6)
clinkers indicated that extensive liquefaction and evolu-

tion of gaseous phases occurred during thermal treatment.

Fig.6 SEM image of stockpile dust clinker

The formation of large vesicles in the clinker resulted
from gases evolution from the liquefied regions of
sample. Although the quartz particles retained in original
angular morphology, the liquefaction and vitrification
occurred and calcite totally disappeared. The heavy
metals in the dust were packed in this way and
distributed in the (Fe, Cr);04 and (Fe, Cr),O; phases,
while some Mn, Zn, Al, Mg and Ti distributed in silicate
phase.

Clinkers were also subjected to thermal analysis.
Fig.7 shows the TGA/DTA/FTIR results for the clinker.
It can be seen that the clinker was very stable thermally.
The mass loss of the clinker was less than 0.5% up to
1 200 C. There were no significant reactions appeared
on the DTA curves and only traces of moisture and
carbon dioxide were detected by FTIR.

3.4 Leaching test of clinkers

In order to assess the stabilization of the hazardous
elements present in the stainless steelmaking dust after
thermal solidification, two kinds of clinkers with
bag-house and stockpile dusts were subjected to US EPA
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TCLP test. Table 3 lists the leaching results of the tests
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Fig.7 TGA/DTA/FTIR curves of clinker
Table 3 TCLP results of clinkers (ug-L™")
Item As Cd Cr Cu F Ni Pb Zn Se Hg
EPA regulation 5.0 0.5 5.0 10 150 10 5.0 10 1.0 0.2
Bag-house clinker 0.002 0.002 0.31 0.3 0.15 0.31 0.05 0.4 <0.002 4 <0.002 4
Stockpile clinker 0.04 0.02 0.54 0.3 0.40 0.40 0.03 0.2 <0.002 4 <0.002 4
for the clinkers, which were thermally solidified at 1 (8]  PENG Bing, PENG Ji, ZHANG Chuan-fu, LOBEL J, KOZINSKI J
o . . A. Thermodynamics calculation on the oxidation and sulfur removal
100°C for 15 min. It is observed that the heavy metals abilities of slag in EAF dust pellet reduction process [J]. Journal of
released to the solution are in the concentration limits of Central South University of Technology: Science and Technology,
the regulatory for the solid waste disposal. But it should 2001, 8(1): 64-68. (in Chinesc)

b ted that th tof H d Se in th luti . [9] CONNER J R, HOEFFNER S L. Critical review of stabilization/

¢ noted that the amount o g an ¢ n the solutions 18 solidification technology [J]. Environmental Science and Technology,

below the detection limit of the instrumentation (0.002 4 1998, 28(4): 397-462.

Hg/L) [10] HASSETT D J, PFLUGHOEFT-HASSETT D F. Use of coal
combustion by-products for solidification/stabilization of hazardous
wastes [C]// Proceedings of the Annual Meeting of the North Dakota
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