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BASIC AREAS OF THE SECONDARY ENERGY RESOURCES
USE IN THE BLAST-FURNACE IRONMAKING AND APPLICATION OF HEAT PUMPS

Under the present-day conditions of blast-furnace shop operation, the use of low-potential SERs seems to be
the most promising measure with regard to reduction of cast-iron production cost. Proposed measures on
improvement of blast-furnace gas calorific power due to the reduction of its moisture content allow the
blast-furnace air temperature increase and coke consumption reduction. Also proposed is partial transfer of
excess heat from the blast-furnace gas to combustion air by means of the system of heat pumps, which
allows increase in calorimetric combustion temperature.

In this paper, main parameters are calculated of the heat pump system operation under the conditions of
blast-furnace shop at the increased top gas temperature. This paper presents heat pump system operating
efficiency and determines conversion factor for the specific conditions (COP).
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Introduction

Energy consumption pattern broken down by main process areas of the metallurgical industry
in 2010-2016 is as follows: sintering process — 6-8% of total industry-consumed energy; coking
process — 4,5-6%; blast-furnace ironmaking — 47-50%; steelmaking — 6-11% (at this processing stage,
number of electric furnaces increases sharply); rolling process — 6-9%; refractory production - 1-2%;
electric power installations — 12-14%; other consumers — up to 7%.

Coefficient of major SERs utilization does not exceed 40%, which indicates low efficiency of
recuperation plants and systems. Since blast-furnace processing is one of primary energy consumers
in the industry, improvement of its operating efficiency and introduction of new energy-saving
technologies would allow considerable reduction in total industry-wide power costs.

Pulverized coal injection technology is used in growing number of blast furnaces.

Depending on the used technology and PCF quality, this measure provides coke consumption
savings of 40% to 10%. Previously, coke consumption for cast-iron production made 500-550kg per
ton of cast-iron, and now some plants reduced this value to 270-237kg of coke per ton of cast-iron
due to the use of PCF.

However, number of processing complexities is related to the PCF preparation process.
Primarily, this is proper drying prior to injection into furnace through air tuyeres. Natural and blast-
furnace gases can be used for drying, as well as combustion products escaping from hot-blast stove
being the secondary energy resource (SER), of which efficient use would result in the cast-iron
production cost reduction. It might be well to evaluate the SER use at the blast furnaces in present-
day conditions.

1. Performance potential of blast-furnace complex constituents
with regard to the SER usage

Major portion of total thermal energy generated in furnace shaft and carried in with the hot air
blast is lost:

1) Blast furnace;
2) Blast furnace gas treatment system;
3) Hot stoves.

1) Blast furnace - for the physical and chemical processes inside furnace shaft, for the change of
enthalpy and melting of charge components, for the finished cast-iron and slag overheat, and for
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heating the heat-transfer medium and change of its aggregate state in the cooling system; in
addition, part of thermal energy is carried off with the furnace top gas.

The most practicable SER sources are sensible heat of cooling system heat-transfer medium,
sensible heat of top gas and partial usage of the overheated liquid slag heat. However, such SER usage
is scarcely adopted, except for the occasional use of heat-recovery boilers in the evaporation cooling
systems [2]. The use of sensible heat of overheated liquid cast-iron is challenging target even in
theoretical terms, because its overheating is relatively low.

In the blast furnace cooling systems, water is the basic heat-transfer medium; in the
evaporation cooling systems, it may exist both in gaseous and liquid states. At the most enterprises,
water is cooled with the use of cooling towers or special cooling ponds without sensible heat
utilization.

2) Blast furnace gas treatment system.

Sensible heat of furnace top gas is main and sole heat resource at this facility. When leaving the
blast furnace, top gas temperature ranges from 170°C to 450°C depending on blast-furnace smelting
features. While cleaned blast-furnace gas temperature makes from 15°C to 65° C, respectively. The
use of high temperature of top gas in conventional heat exchangers upstream the gas treatment
system is complicated due to considerable dust content (up to 20g/m3). Conventional heat
exchangers are virtually inoperative at such dust content in one of heat-transfer media.

3) Hot-blast stoves.

Main secondary thermal energy source is chimney gas with temperature 180-250° C from hot-
blast stoves [3]. These SERs are successfully used at many enterprises; however, there is number of
limitations as well, which reduce sensible heat utilization efficiency. These include minimum
temperature condition for fumes from heat exchanger; temperature must be higher than or equal to
110-230° C, since it is the level of dew point of sulphuric acids contained in fumes. When fume
temperature drops below the indicated value, condensed moisture is deposited on the heat exchanger
walls resulting in the acid corrosion. Such p2/henomena cases were observed at the Zaporizhstal Iron
& Steel Works in 2005.

Thus, it may be concluded that SER are only partly used in the most example cases [4].

2. The use of the system of heat pumps and their calculation
for the blast-furnace shop conditions

The study proposes the use of the sensible heat utilization system based on heat pumps and
heat transfer tubes. This system includes intermediate heat-transfer medium and is capable of
operation with low-grade sources of sensible heat [5].

One of proposed solutions for the set problem is extraction of energy from the blast-furnace
gas, both upstream and downstream the gas treatment system. Here, heat exchanger with
intermediate heat-transfer medium (Freon or oil) has not necessarily contact directly with the dust-
carrying top gas, but can be securely attached to the external surface of top gas discharge duct. In this
case, heat amount taken from the top gas would depend on the heat-exchange surface area, aggregate
coefficients of heat transmission from surface to the gaseous medium at the “hot” and “cold” sides,
and on the heat-transfer resistance in the points of tubing contact with the top gas line surface. On
the average, furnace top gas temperature could be decreased by 70-120°C prior to the entry into gas
treatment system. Alternatively, heat exchanger with intermediate heat-transfer medium could be
installed inside the air duct supplying combustion air into hot-blast stoves (HS). Such installation
efficiency could make 45-80%, which allows hot blast temperature increase by 10-15°C. At the total
reduction in blast-furnace gas consumption for HS heating by 6-8%, average value of savings on
specific energy consumption in the blast-furnace processing would make approximately 0.5% [6].
When engineering the proposed system, installation of compressor equipment and expansion valves
(included in every heat pump system) could be eliminated, as well as the change of aggregate state of
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intermediate heat-transfer medium. Completed system is the system of heat exchangers with
intermediate high-temperature heat-transfer medium. However, if temperature at the “hot” side of
such system is below 180-200°C, such equipment modification seems being of little promise.
Moreover, the use of classic heat pump or heat transfer tubes is only practical for the blast-furnace
gas temperature downstream the gas treatment system. Gas temperature downstream the gas
treatment system makes 40-65°C. It should be noted that heat utilization at lower temperatures is
quite impractical. In our opinion, primary objective in this case is not so much utilization of small
amount of sensible heat as total blast-furnace gas temperature reduction downstream the burners.
The matter is that the blast-furnace gas with relatively high temperature (45°C and over) has
sufficiently high moisture content, which reduces its calorific heat value. The work [7] considers in
some detail the blast-furnace gas moisture content data from existing furnaces versus temperature
and impact of these parameters on the eventual combustion temperature in HS. The use of heat pump
with Freon-type heat-transfer medium in the internal circuit is proposed for this heat utilization and
blast-furnace gas temperature reduction.

Following is calculation of such heat pump system for operation with low-grade thermal energy
source under the blast-furnace shop conditions.

Mass flow of refrigerating fluid:

Q 1376

G =—%—= =6,5, kg/s.
P75 i 701-488 4
Volume flow of refrigerating fluid:
G
== 80 g,
p 154

where the density of freon R22 at boiling point is approximately -10 ° C
After inserting the necessary numerical values for determination of compressor power:
15,4-0,42-16

= =330, kW.
0,65-0,68-0,71

Determination of heat pump COP

COP is transformation coefficient showing the ratio of generated and thermal energy to electric
power consumed by the heat pump. Coefficient can also be defined as the condenser heating effect to
screw compressor power ratio.

Heat pump COP is determined according to following formula:

_ Q.. 1378 _
Mecop = N _m -

Based on calculation of this heat pump COP, we come to conclusion that heat pump generates

thermal energy 4.2 times as much as its electric power consumption for work execution.

4,2.

Conclusion

Primary advantage of the proposed heat pump system is integration in the existing top gas
treatment system. The proposed system does not require major reconstruction of existing equipment
and features relatively small dimensions.

In addition to the primary objective of increasing the blast-furnace gas calorific power (due to
the moisture content reduction), a few other serious practical problems are solved. One of such
problems is increasing the temperature of combustion air supplied to hot-blast stoves. Sensible heat
carried by air into the combustion zone allows calorimetric temperature increase by 3-5°C in the
combustion zone, which would result in the blast-furnace air temperature increase and coke
consumption reduction.

Furthermore, implementation of this system would enable production of substantial amount of
the chemically purified water. The blast-furnace gas cooling in the heat pump evaporator would yield
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up to 200g of H20 per 1m3 of blast-furnace gas. This water could be further used in the blast-furnace
shop cooling system.
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HCITI0JIb30BAHUE HU3KOIIOTEHIITUAJIbHBIX BTOPNYHBIX OHEPTETUYECKUX
PECYPCOB 11 IPUMEHEHME TEIIJIOBBIX HACOCOB B JOMEHHOM ITPON3BOJCTBE

B coBpeMeHHBIX YCAOBUSIX PabOTbI JOMEHHOTO IieXa MCIT0/Ib30BaHMUS HU3KOMOTEHIIMATIbHBIX
B3P mpexncraBisieTcss Hauboyiee MEpPCIEKTUBHBIM MEPOIPUSITUEM, C TOUYKM 3PEHUSI CHUSKEHUS
cebecTOMMOCTM TIPOM3BOACTBA UyryHa. l[IpefjiaraeMble Mepbl II0 ITOBBIIIEHUIO KaJOPUINHOCTU
JIOMEHHOTO ra3a 3a CueT CHIDKEHUS B ero CcopepykaHMsl Baru MO3BOJISIOT MOBBICUTH TEMIIEPATypy
JIOMEHHOTO AYThsI U YMEHBIIUTD pacxo, Kokca. Takke TMpejiaraeTcs ¢ TOMOIIbIO CUCTEeMBbI TeIJIOBBIX
HaCcOCOB IepefaBaTh YacCThb M3OBITOYHON TEIUIOTHI OT JOMEHHOTO rasa B BO3OyX TOPEeHUs, UTO
MO3BOJISIET MOBBINIATH KAJIOPUMETPUUECKYIO TEMIIEPATYPY rOpeHMs TOTUINBA.

B pabote paccumMTaHbl OCHOBHBIE ITapaMeTPhl pabOTHI CUCTEMBI TEIUIOBBIX HACOCOB B YCJIOBUSIX
JIOMEHHOTO IleXa TIpM TIOBBIIIEHHOW TeMIepaType KOJOIIHMKOBOTO rasa. PaccmoTpeHa
3 PeKTUBHOCTb PaGOThI CHCTEMBI.

KnroueBble cjioBa: [OMeHHOe IPOU3BOMCTBO, TEIJIOBOM HAcOC, BTOPUYHbBIE PeCypChlI,
JHepreTuka.

BUKOPUCTAHHSA HU3bKOMOTEHIIMHUX BTOPUHHUX EHEPTETUYHUX PECYPCIB I
3ACTOCYBAHHA TEIIJIOBUX HACOCIB Y JOMEHHOMY BUPOBHHNIITBI

B cyuacHuMX ymoBax pPOGOTM IOOMEHHOIO LIeXy BUKOPUCTAHHSI HM3bKOMNOTEHIiliHMX BEP
TIpeJCTaBISETbC HAMOIMbII MEepPCIeKTUBHUM 3aXOJOM 3 TOUYKM 30pY 3HIDKEHHST coGiBapTOCTi
BUPOOHUIITBA YaBYHY. IIpOTIOHOBaHiI 3aX0aM IIOMO MiABUINEHHS KaJOPiifHOCTI JOMEHHOrO rasy 3a
pPaxyHOK 3HMKEHHS y 10T0 BMiCTy BOJIOTY [IO3BOJISIIOTh MiABUILIUTU TeMIIEPATypy JOMEHHOIO IyTTS i
3MEHIIUTM BUTPATy KOKCY. TakoXX ITPOMOHYEThCS 3a [OMOMOTOI0 CUCTEMM TeIJIOBUX HACOCIiB
repegaBaTy YaCTUHY HAJIMUIIKOBOI TEIUIOTH BiJl JOMEHHOIO ra3y 0 IMOBITPSI TOPiHHS, 1[0 T03BOJISIE
MiABUIYBATY KaJTOPUMETPUUHY TeMIlepaTypy FOpiHHS Mmajausa.

B po6oTi po3paxoBaHi OCHOBHi MapaMeTpy pPOOOTM CUCTEMM TEIUIOBUMX HACOCIiB B YMOBax
JOMEHHOIrO I1IeXy IpU IMigBUIIEHii TeMIlepaTypi KOJIOIIHMKOBOIO rasy. Po3rissHyTO e(peKTUBHICTh
pobOTM CHUCTEMM TEIUIOBUMX HACOCiB i BM3HAUe€HO Koe(illieHT mepeTBOpEeHHS ISl 3aJaHuUX YMOB
(COP).

KiiouoBi cjioBa: joMeHHe BUPOOGHUIITBO, TEIJIOBMIT HACOC, BTOPMHHI pecypcu, eHepreTuka.
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