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METHODS OF GRANULATION OF MOLTEN SLAG AND
USE OF GRANULATED SLAG WATER

Relevance of the topic. One of the most important processes in a blast furnace,
determined its operation, is slag formation.

Metallurgical slag is the most valuable coproduct material.

More than 50% of the volume of molten slag obtained in a blast furnace is pro-
cessed into granulated slag. Crushed stone, pumice-stone, slag wool (high-alumina
clinker) and cast products (in small quantities) are also produced from the blast fur-
nace slag.

Nowadays in Ukraine about 80-85% of blast furnace slag is being processed.
Part of the slag is shipped to dumps, which causes environmental problems such as
pollution of land, air, water. Therefore, the use and processing of slag, as a valuable
byproduct, are urgent problems of our time.

Granulated Slag Production. Granulation is the process of transformation of
molten slag into glassy granules by quenching with water, steam, air or another gas.

There are three systems of granulation process: water, semi-dry and dry. Water
granulation methods are most commonly used in the production of granulated slag.

During the water granulation the slag granules are formed due to the property of
molten slag to crack under the influence of thermal stresses and spray by microexplo-
sions when the melt contacts with water.

The water granulation production of slag is the oldest and simplest one and is
divided into basin and grooved methods.

The analysis of methods of granulation of molten slag. There are plenty of dif-
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ferent methods of slag granulation which are presented in the references [1,2]. The
disadvantage of these methods, especially in the case of the blast furnace granulation,
Is a high temperature, about 1450-1500 °C, of the molten slag flowing to granulation.
Exposure of high-temperature water to granulated molten slag causes hydrogen sul-
fide gas and a porous structure of slag, holding the extra moisture, which requires ad-
ditional energy to the remove.

Rapid cooling and crystallization of molten slag (about 3 min), occurring at a
melt temperature of t = 1150 °C [2], excludes the formation and emission of hydrogen
sulfide gas into the environment.

Besides, the existing slag granulation technology does not provide the removal
of molten metal from the slag, the content of which reaches up to 5% for the blast-
furnace slag [2] and even more for the steelmaking slag. Such a big content of the
metal in the granulated slag complicates the technology of its further processing. It is
rational while developing the new technologies for granulation to provide the prelim-
inary removal of metal from the melt. Water, remaining from the process of granula-
tion of the molten slag, is not being recycled and pollutes the natural water resources,
seeps into the ground, evaporates hydrogen sulfide gas, which adversely affects the
ecology of the environment. Therefore the recycling of water is a relevant problem.

The objective of the article is to improve the process of granulation of molten
slag, which will allow to eliminate hydrogen sulfide emissions and remove metal
from the molten slag.

Presentation of the main work. The purpose is implemented in three develop-
ments, two of them are concerning the blast furnace granulation (water and for semi-
dry granulation), and the third one is the analysis of the possibility of using water
from granulated slag in balneology.

1. The method of producing water granulated slag. Fig. 1 shows the schematic
of an improved plant for the water granulation of metallurgical slag [3].

The plant (Fig. 1) comprises a storage tank for molten slag 1, with an inclined
bottom for emptying deposited liquid metal through a notch 2 into a ladle 3, a notch 4
for discharging the liquid slag through a spout 5. In the upper part, the storage tank is
equipped with a receiving hopper 6 for discharging the molten slag into the storage
tank 1. Under the spout 5 are installed: a granulator 7, which equipped with nozzles
for feeding cooling water by a pump 8, a receiving hopper 9, a clarified water tank
10.

In the upper part, the receiving hopper 9 has gratings 11 and in the lower part —
an overflow window 12, which is connected to a chamber 13 by an airlift 14, which is
connected through the separator 15 to the carousel-type dehydrator 16, under which a
water collector 17 and a granulated slag hopper-receiver 18, a conveyor 19 with a
cover 20 are installed.

In the lower part, the hopper 18 has an air supply through the collector 21,
which is installed with the possibility of air supply both to the hopper 18 and under
the case 20, which closes the conveyor 19. The conveyor 19 transmits the granulated
slag to the warehouse and rigidly joins to the bottom of the hopper 19. A pump 22
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serves the airlift camera 13.
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Fig. 1. The plant for water granulation of metallurgical slag

The upper part of the hopper 9 goes into a vent pipe 23 for discharging vapour,
formed during granulation process and air-stream mixture, that comes from the dehy-
drator 16. A pump 24 recharges the system with circulation water in case of water
loss during vaporization. The pump 24 is turned on automatically when the water
level falls in the receiving hopper 9 below a predetermined value.

The advantages of this slag granulation plant are as follows. It has been estab-
lished, that hydrogen sulfide emissions to a greater extent (up to 50%) depend on the
intensity of slag discharge, its temperature and the temperature of supplied to the
granulation water [2]. The reduction of these parameters can be used in production as
a way to reduce sulfur emissions during granulation.

The introduction of the storage tank-settler 1 to the proposed technological
scheme (Fig. 1) of processing of the molten slag allows adjusting the rate of slag dis-
charge via the notch 4. The temperature of the slag, feeding to granulation according
to the scheme in Fig. 1 (1200 °C), less than the temperature of the slag
(1500-1450 °C), discharged from the blast furnace. These factors (reducing the inten-
sity of the slag output and lowering the temperature of the slag) contribute to the re-
duction of hydrogen sulfide emissions during the slag granulation.

The removal of metal from the molten slag before granulation by sedimentation
In the storage tank increases the safety of the installation due to the exclusion of ex-
plosions and eliminates the need for magnetic separation of granulated slag.

In addition, the setting of the storage tank into the granulation technological
scheme allows to combine and process slags from several blast furnaces in one granu-
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lation plant, which makes the granulation process continuous with predefined and
constant parameters of the granulation technological process.

2. The method of producing semi-dry granulated slag. A feature of the semi-dry
method of granulation of the molten slag is the cooling of the dispersed molten slag
in the air stream in order to solidify it and so to avoid sticking of slag particles in a
dewatering conveyor, which excludes the formation of porosity in granulated slag.
But the flight time in the air stream is not enough to solidify the dispersed slag, since,
as mentioned above, the minimum crystallization time of the molten slag at
t = 1150 °C is 3 minutes, which is significantly longer than the cooling time during
the flight of dispersed slag particles.

In order to improve the method of producing semi-dry granulated slag the same
tasks, as in the case producing water granulated slag (Fig. 1), are being solved: reduc-
ing hydrogen sulfide emissions and removing liquid metal from the molten slag be-
fore granulation.

This method of producing semi-dry granulated slag is implemented in the devel-
oped plant [4], presented in Fig. 2.

Fig. 2. The plant for producing semi-dry granulated slag:
a — longitudinal section of general view; b — cross section of dispersant

The plant for producing semi-dry granulated slag (Fig. 2) contains a liquid slag
storage tank 1, a slag a spout 2 for supplying the melt to granulation, an additional
notch 3 for releasing precipitated liquid metal, a dispersant 4 with air nozzles 5, made
in the form of an air-water ejector, water collector 6 and air collector 7. The receiving
hopper is made in the form of a steam collection funnel 8 and is equipped with water-
air nozzles 9 for cooling the walls of the hopper and lowering the temperature in it.
The receiving hopper is equipped with a pipe 10 for discharging the vapour-gas mix-
ture in the upper part and is connected to a water collector 11 in the lower part. For
additional cooling, a part of the branch of a dewatering box conveyor 12 is immersed
into the water collector 11. A belt conveyor 13 is connected with the receiving hopper
8 through a window 14. An air chamber 15 is equipped with air nozzles 16. All air
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nozzles and manifolds are connected to an air blower 17. A circulating water cham-
ber 18 is equipped with a level regulator 19, a slag air-lift 20 and a pump 21.

The dispenser 4 is equipped with two rows of water-air nozzles (Fig. 2b) with an
angle of 20-25° between their axes. The upper row of the dispenser nozzles is ar-
ranged at an angle o > 60° relatively to the base of the spout 2, and the lower row of
the nozzles — at an angle f>5-10° relatively to the dewatering conveyor 12.

The water-air nozzles 5 of the disperser allow to transfer the part of the kinetic
energy of the air to drops of water, reduce the airspeed and get a dispersed water-air
mixture. Water drops in the air stream contribute to the more intense crushing of the
melt and cooling of the slag particles in the flight process. The location of the water-
air nozzles at different angles increases the exposure time of the cooling water-air
stream to the slag particles, since the particles of the slag before falling onto the de-
watering box conveyor 12 are exposed to the air stream created by the lower row of
nozzles, which change the direction of the water-air stream guided by the upper row
of nozzles at an angle of B = 5-10° to the axis of the box conveyor. Thus, the cooling
air-water mixture in the chamber affects the slag particles throughout the flight start-
ing from the dropping out from the spout 2 to the falling down on the conveyor.

The water-air nozzles 9 are installed additionally in the receiving hopper to ex-
clude possible sticking of the melt particles to the inner surface of the hopper and
lowering the temperature in the middle of it.

In addition, as in the case of the water granulation (Fig. 1), the presence of the
storage tank allows the granulation process to be carried out continuously, to main-
tain the optimal temperature of the slag (1150 °C) and to obtain high-quality granu-
lated slag by removing metal from the molten slag before granulation.

Both granulation methods, shown in Fig. 1 and 2, positively affect the environ-
ment by reducing emissions of hydrogen sulfide gas.

3. The method of using granulation slag water. This section analyzes the possi-
bilities of using granulation slag water for medicinal purposes is being carried out.
The general schematic of obtaining and using of granulation slag water is shown in
Fig. 3.

The reactions during granulation of the molten slag by water in the pool

CaS + 2H,0 = Ca(OH), + H,S,
MnS + 2H,0 = Mn(OH);, + H,S,
2CaS + 2H,0 = Ca(OH), + Ca(SH),,
Ca(SH), + H,0 + Q = Ca(OH), + 2H,S.
The water used for granulation of molten slag dissolves some of the compounds

of slag, mainly sulphurous, and thus sulphurous (sulphide-sulphurous) mineralized
water is being formed. The similarity of the properties of this water with natural sul-
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fide (hydrogen sulfide) mineral water has been established, which makes it possible
to use granulation slag water for appropriate therapeutic purposes. The experience of
such use of the granulation water in the 30th of the last century in the USSR and
Germany had quite favourable results. But due to notorious historical events, the re-
sults of the experiments were lost.

Fig. 3. The schematic of obtaining and using of granulation slag water:
1 —slag truck; 2 — outlet channel; 3 — granulation pool with water;
4 — sump for granulation water; 5 — overflow branch pipe; 6— steam outlet pipe;
7 — tanker truck for granulation slag water;
8 — storage tank of slag water with heating up to +40 °C; 9 — balneological hospital;
10 — shutoff valve; 11 — bathrooms; 12 — laboratory; 13 — drain into the sewer

Hydrogen sulfide water of various salinity and ionic composition from natural
sources contains more than 10 mg per litre of hydrogen sulfide.

Chemical analyses of the slag water showed the presence of such sulfur com-
pounds: 372-475 mg/l of thiosulfate, 218-385 mg/l of sulfate, 10-16 mg/l of sulfite
and 134 mg/l of HS" semi-bound hydrogen sulfide (20-30 mg/l of free H,S). Accord-
ing to the prevailing anions, the slag water is thiosulfate-sulfate, and to cations — cal-
cium. The presence of free hydrogen sulfide H,S and semi-bound HS’ in the indicat-
ed amounts refers the slag water to specific hydrogen sulfide water.

For a more complete study of the physicochemical properties of the slag water
and its effects on the human body, a number of additional studies are required.

The slag hydrogen sulfide water certainly has huge healing potential, but before
broad usage of it in the medicine scientific substantiation of the water influence on
the effect of the treatment is required.

From the available information, the therapeutic effect of treatment with the slag
water is known for the following types of diseases: polyarthritis, psoriasis, eczema,
joint diseases, chronic inflammatory diseases of the female genital area, and many
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other. For a more complete study of the impact of the slag sulfide water on the human
body, a number of medical research is necessary to supplement the available results.

Currently, the research is being conducted to adjust the granulation hydrogen
sulfide slag water to the chemical composition and properties of the hydrogen sulfide
water from natural mineral sources (Matsesta, Pyatigorsk, etc.). This will allow using
the granulation hydrogen sulfide slag water at metallurgical enterprises for medicinal
purposes (balneology) to improve the health of workers. The proposed method of us-
ing the granulation slag water will give, in addition to an economic, also an environ-
mental effect, as the water is not discharged into natural water sources (rivers, seas)
and the pollution of them is excluded.

The final solution of the problem and practical application of the granulation
hydrogen sulfide slag water in balneology is possible provided the interest of metal-
lurgical enterprises and sponsoring firms.

The research results were reported at the conference "University Science",
PSTU, 2017, Mariupol, Ukraine.

Conclusions

1. The proposed methods for water and semi-dry production of the granulated
slag, implemented in the developed plants, are characterized by the following factors:
the reduction of sulfur emissions into the environment due to the ability to control the
intensity of the output of the molten slag with a certain temperature (1150°C); the
removal of metal from the molten slag before granulation process, which improves
the quality of the slag and makes unnecessary magnetic separation.

2. The use of the storage tank in the technological scheme of producing the
granulated slag allows to combine and process the molten slag from several furnaces
in one granulation plant, which makes the granulation process continuous.

3. The method of application of the granulation slag water for medicinal purpos-
es (balneology) is promising and can be developed and implemented provided that
the funding of the relevant studies and the involvement of medicine institutions.

4. All three methods, discussed in this paper, ensure environmental and econom-
ic advantages.
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METOAbI N NOAXOAbl K ONPOBOBAHUIO MUHEPAJIbHOIO CbIPbA

Ilocmanoseka npobemsi. Ocodyr0 poiib B 000TAIICHUH MOJE3HBIX HCKOMAeMbIX
OTBOJIUTCSA ONMPOOOBAHUIO, KAK METOAY MOJy4eHHs] MHPOPMAIIMK O CBOMCTBAx Mepe-
pabaTbiBaeMOro Chipbsi. B mpoiiecce MOMCKOB U pa3BeIKU OMPOOOBAHHUE MECTOPOK-
JICHUH TIOJIE3HBIX MCKOMAEMBIX MPOU3BOAMUTCS C IIEJIbI0 YCTAHOBJICHUSI UX COCTaBa U
KauecTBa JUIsl JTajJbHEHIIEro oOOoTraiieHus W HMCIHOJb30BaHUS B MPOMBIIIIICHHOCTH.
JlaHHBIE PE3yabTATOB OMPOOOBAHMS MPEACTABISIIOT COO0OM OHY M3 OCHOBHBIX CO-
CTABJIIONIUX TEOJIOr0-DKOHOMUYECKOW OIICHKHM MecTopokaeHus. /[[ms mosacdera
MIPOMBITIUICHHBIX 3aI1acoB, BHIOOpA CIoco0a M3BICUYCHUS U CXEMBI MepepabOTKH T0-
JIE3HBIX MCKOIMAEMBIX MCIOJB3YIOT PE3yJbTaThl ONMPOOOBaHUsS. 3HAYUTEIIbHBIC Kallu-
TaJbHBIC M KCILTyaTallMOHHBIE 3aTPaThl HAYT Ha MOTYYCHUE TaKOH MacCchl HHpOopMa-
un. Y oborarurensHble (GaOpUKU MAYT HA TaKWE 3aTPaThl, YTO MOAYCPKUBAET TIPS-
MO€ BIUSIHHE OMPOOOBAaHUS HAa SKOHOMHUYECKHE PEe3yJbTaThl pacueTa, TOBOPHUT O
Ba)KHOCTH ONPOOOBAHMSI.

OnpoOoBanue sBIsETCA BeCchMa CHEUGUIHBIM MPOIIECCOM MOTydeHUs: HHPOP-
Manuu 00 MCCIEAyeMbIX TMOJE3HBIX HCKOMaeMbIX. (s ee moiaydeHus HeoOXOAUMO
BBITIOJIHATH OIPE/ICIICHHbIE TpaBWiia 0TOOpa, MOATOTOBKH M aHanu3a mnpod [1]. Ha
OCHOBAHHMH TAaKOTO ONMPOOOBaHUS OIEHKA COJAEpKaHUs IEHHOTO MHUHEpaia TOJDKHA
OBITH JOCTOBEPHOM M COOTBETCTBOBATH COJECPKAHUIO €r0 B MECTOPOXKIACHHUH. TaKum
o0Opa3om, BOMPOC METOJa BHIOOpA ONTHMAIBLHOTO pa3Mepa MpoObl BCEeTaa SBISETCS
aKTyaJIbHBIM.

Llenv pabomuel 3aKioyaeTcs B aHAIM3€ METOJIOB OMPOOOBAHMS MHUHEPATBLHOTO
CBhIPbS IS OLIEHKU €r0 IOKa3aTelIeH.

[Tonyyenue HeoOXoaMMON MHGPOPMALIMK O CBOMCTBAX HEKOTOPOM Macchl MpPO-
IYKTa SIBJISIETCS OCHOBHOM 11€JbI0 onpoOoBanHus. B nmpakTuke oboramieHus u nepepa-
OOTKM TIOJIE3HBIX HMCKOMAEMBIX MPOIECC OMPOOOBAaHUS TMOHMMAETCS KaK BBIOOp U3
o01Iero MaccuBa HEKOTOPOTO KOJIMUYECTBA MaTepHralia, KOTOpbIi 00J1a1aeT BCeMH OC-
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