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RECONSTRUCTION OF THE ASH
AND SLAG REMOVAL SYSTEM IN CHP-2
OF JSC «ARSELORMITTAL TEMIRTAU»

This article discusses the modernization of the ash and slag removal
system at CHPP-2 of JSC «ArcelorMittal Temirtauy, the transition from the
wet method of cleaning ash and slag to a more technologically advanced
dry one. The long-term use of the hydraulic ash and slag removal system
(GZSHU) has led to the accumulation of a huge amount of ash, which
is subsequently not used. A comprehensive replacement of wet cleaning
equipment for dry cleaning is considered. The wet method offers quenching
with water (in this case, up to 1 % of the thermal efficiency of the TP-81
boiler unit is lost), followed by the use of drag pumps and the removal of
ash and slag through the hydraulic ash removal channels to the ash dump.

In the future, this ash cannot be used. During dry ash and slag removal,
extinguishing with water is not used, but a pneumatic system for removing
combustion products is used. Ash from gas cleaning plants through a system
of pneumatic chamber pumps and intermediate hoppers is fed through ash
pipelines to a silo warehouse. The use of this technology allows minimizing
the harmful impact on the environment by reducing groundwater pollution
with pulp, reducing the area of ash dumps, reducing water consumption by
the station, using ordinary types of steel in pipeline systems, and reducing
the cost of equipment maintenance.

Keywords: boiler, slag, ash and slag removal, dust preparation,
hydraulic ash removal, fuel, coal, ash.

Introduction

Today, ash disposal is an urgent problem. Up to 30 million tons of ash and
slag waste is generated annually in Kazakhstan, most of which is sent to giant
dumps and is not used in any way.
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In order to use ash and slag, it must be turned into a commodity, it is necessary
to modernize the ash and slag removal system operating at the coal-fired CHPP-2,
replacing the wet method with a more technologically advanced dry one.

The long-term use of the hydraulic ash and slag removal system (GZSHU) has
led to the accumulation of a huge amount of ash, which is subsequently not used.

The toxicity of ash and slag hydromass consists in the release of alkali, which
enters directly into the ground, contaminating groundwater. Obvious environmental
consequences are complemented by economic ones [1].

Materials and methods

The hydraulic ash removal system is designed to remove ash and slag from the
bunkers of the boiler unit and transport them outside the station territory (ash dump).

In the boiler shop of CHPP-2 in JSC «ArcelorMittal Temirtau» two pump
rooms are installed, to which process water is supplied from the circulation conduit
Ne7 through valves with a diameter of 400 to the pump room Nel,2 and from the
circulation conduit Ne8 through a valve with a diameter of 600 additionally to the
pump room branch Ne2. Clarified water is supplied from the GTS workshop to
the CHPP-2 boiler shop through the JET filter located inside building of the bager
pump house Ne2. The filter is cut off by two valves with a diameter of 400 [2].

The filter is equipped with a bypass line through a valve with a diameter of
300. Further, after the filter, the clarified water collector before entering the boiler
shop is divided into two flows into pump rooms Nel and Ne2. One pipeline enters
to pump room Ne2 through a valve with a diameter of 300, the other pipeline,
passing through the workshop Nel along row D at elevation 4m in the area of DV-
4B through a sectional valve with a diameter of 400, enters the suction in pump
room Nel through a valve with a diameter of 400. Pump room Nel is mounted at
the permanent end of the boiler shop.

In the distribution manifold of pump room No. 1, the suctions of flushing
pumps NSV No. 1,2 and irrigation pumps NOV No. 1,2,3 and washing of boilers
NOK No. 3 crash into the distribution manifold. Pump room No. 2 is mounted
between queues No. 1 and 2. Suctions of flushing pumps NSV No. 3,4 and irrigation
pumps NOV No. 4,5,6 and washing of boilers NOK No. 2 crash into the distribution
manifold of the pump room. Heads NSV No. 1-4 through valves supply water to
a common collection manifold of flush water with a diameter of 325x8, mounted
along row D. From it, through a pipeline with a diameter of 159x4mm, water is
supplied to the incentive nozzles of the GZU channels, the ShZU channel, slag
baths, through a pipeline with a diameter of 133x4mm on flushing nozzles of trays
(collecting collectors for water seals) of electrostatic precipitators, on irrigation
units of ring emulsifiers of boilers TP-81 No. 1-4. In the DV-4B area of the flush
manifold, a sectional valve with a diameter of 300 was mounted. In the area of
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DV-2A, 2B, the flushing intakes of the boilers NOK No. 1 and 4 cut into the flush
manifold from the flush manifold.

Heads NOV No. 1-6 through valves supply water to a common collecting
collector of irrigation water with a diameter of 325x8 mm, mounted along row
E. From the irrigation collector, water is supplied to the irrigation units of the
ring emulsifiers of boilers TP-81 No. 1-4 and to irrigation of hydraulic seals of
electrostatic precipitators of boilers TP- 81 No. 5 and 6 through 4 collectors 89x3.5.
In the area of the ring emulsifiers TP-81 No. 3, a circulation line is provided
through a valve with a diameter of 300 mm between the irrigation and clarified
water collectors [3].

To clean flue gases at the boiler unit TP-81 No. 5.6, electrostatic precipitators
of the ESG2X4 type with high-voltage converter units of the ADOR POWERTRON
type are installed. Electrostatic precipitators provide deep purification of gases
(purification degree 98%) and almost completely trap particles with a size 0f 0.01
mm or more. To clean flue gases, ring emulsifiers are installed at boiler units TP-
81 No. 1-4 [4].

The system of hydraulic ash removal includes: channel GZU, flushing nozzles
through the channels GZU, slag baths — 4 pcs. per boiler, screw conveyor — 4 pcs.
per boiler, single-roll crushers — 4 pcs. per boiler, irrigation water pumps - 6 pcs.
per workshop, flush water pumps — 4 pcs. per workshop, smoke exhausters — 2
pcs. for the boiler, ash-flushing devices (hydraulic locks) with nozzles — 4 pcs. for
boilers TP 81 No. 14, 12 pieces for TP-81 No. 5.6 for the ash collection unit [5].

Dry ash removal systems use: manual, mechanical and pneumatic methods.

Results and discussion

Pneumatic dry ash removal finds its application in cases where separate
removal of slag and ash is required, which can be used as raw materials in the
cement industry, production of building materials and agriculture.

The pneumatic ash removal system uses air as the driving force. The slag
entering this system requires crushing and grinding to certain sizes. For this,
crushing plants are installed under the bunkers. The temperature of the slag for
crushing should not exceed 600 °C.

Pneumatic systems can be vacuum, pressure and combined.

The vacuum system is used in case of a short distance to the receiving hopper
or consumer. At the end of the pneumatic system, a vacuum pump or ejector is
installed, which creates a vacuum in the pipeline. Ash and slag enter the pneumatic
pipeline, are picked up by air and sent to the cyclone for purification and further
transportation. The vacuum system is characterized by tightness and compactness
of the equipment and ease of operation.

The pressure system is used to transport the removed slag and ash over a
distance of up to 1000 meters. Dry ash removal is carried out using compressed
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air. To create the necessary pressure, compressors, fans or pumps are installed at
the beginning of the system.

The combined system makes it possible to transport slag and ash waste over
a considerable distance (more than 1 km). Dry ash removal of this type consists
of two or more pressure and vacuum systems connected in parallel.

The pneumatic ash removal system can be suction, discharge and combined.
When using a suction system, slag and ash are transported under vacuum, which
is created by a vacuum pump or steam ejector, in a stream of sucked air. For
the pressurized system for transporting slag and ash, a compressed air flow
supplied from a compressor is used. Combined systems combine the principles
of transporting a suction and discharge system. At the same time, slag and ash are
taken according to the suction system scheme, and transported to the consumer (for
example, to a building materials plant) - according to the discharge system scheme.

For pneumatic transport of slag and ash from steam or hot water boilers, it is
recommended to use a suction system. In this case, the distance to the unloading
station should not exceed 200m. The operating mode of the pneumatic ash removal
system should be periodic, lasting no more than 4 hours per shift.

Schematic diagram of pneumatic ash and slag removal, performed on a suction
system. With such a system, the entire route of the ash pipelines is under vacuum.
This ensures the absence of dusting along the entire slag and ash transportation
path. The slag is preliminarily prepared and crushed to a size of about 20 mm in
two-roll or three-roll crushers. Transportation of crushed slag and ash is carried out
in dry form, while selection into the system is made only from one point. For the
complete removal of slag and ash, all intake devices connected to the pneumatic
system are switched on in turn.

The main elements of the pneumatic slag ash removal system are slag
crushers, ash receiving devices, ash pipelines, a vacuum plant and an ash settling
station. At the same time, the ash settling station consists of a settling chamber,
two series-connected centrifugal cyclones and a bunker for collecting slag and ash.

The slag after opening the shutter enters through the crusher into the horizontal
suction nozzle. At the same time, due to rarefaction in the system, atmospheric air
is sucked into the nozzle 4, which picks up slag from the nozzle and transports it
through the pipeline to the settling chamber. Purified from suspended particles in
the settling chamber and two cyclops connected in series, the air is ejected by the
ejector into the chimney or through a special pipe into the atmosphere. Instead of
an ejector, a vacuum pump can be used.

After removing the slag from the hopper, the nozzle is disconnected from
the pipeline by turning the handle of the cork valve. The fly ash caught in the ash
catcher or the ash accumulating in the flue is sucked into the ash pipeline through
a telescopic nozzle.
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The release of slag and ash from the settling chamber is carried out after
opening the butterfly valve (not shown in the figure) through the flasher valve.
Before the release of slag and ash in the system, the vacuum is removed. The
release of fine ash from the cyclones is carried out after the vacuum is removed
by opening the valve [6,7].

The dry ash removal system (SZSHU) assumes that the ash from the bunkers
of gas cleaning plants is poured into pneumatic chamber pumps. Then compressed
air drives it to the silo through special ash pipelines.

Picture 1 — The dry ash removal system

In ash storage silos, aeration (entrainment) is carried out periodically to
prevent the occurrence (overcompacting) of ash, as well as during its unloading.
Only 20-25 % of the silo bottom area is laid with aerating tiles; supply air pressure
should be 2-3 atm at a flow rate of 0.25 m*/min per 1 m? of aerating surface.

x[’_ ] ;_J

Picture 2 — Silo bottom aeration system

Each silo has three unloading lines: dry unloading to road transport, wet
unloading to road transport, ash supply to the circulation station. Equipment for dry
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loading (unloading) of ash is an aspiration sleeve. The suction sleeve is a telescopic
two-channel coaxial design. When loading, bulk material enters the container to be
filled through the inner cavity of the sleeve, and the dust that occurs at the outlet of
the sleeve is sucked into the outer cavity and transported by an individual fan back
to the silo, ensuring the complete absence of dust when unloading the material. It
is also possible to use suction arms with their own filter bag [8,9].

The silo warehouse consists of two cylindrical tanks with a height of 70 m
and a volume of 20,000 m*. The design is a bit like an elevator, only instead of
grain, a by-product of burning coal is collected inside. Despite the impressive
size of the silos, it is enough for the station to work a little more than two days
in a row to fill them.

Part of the ash from the silos is shipped for sale, because it is not just a waste,
but also a valuable raw material used in industry and agriculture. Today, ash can
be simultaneously loaded into four tank trucks and six rail cars. The unclaimed
volume is sent to the pipe belt conveyor, along which it moves to the place of
permanent storage (ash dumps).

Picture 3 — Pipe belt conveyor

Pipe belt conveyor is a unique engineering structure. Its length is 4.5 km.
First, the ash is poured onto a rubber band, in the course of movement, the rollers
twist this tape into a pipe. This ensures the transport of ash in a closed form.

The pipe belt conveyor ends with a spreader, which lays the ash in even
layers. The layers are compacted by bulldozers and rollers. To prevent dusting,
the dump is irrigated. After filling the dump, loamy soil is applied to its surface
and grass is sown, and sowing and watering are automated.

Pneumatic chamber pump (PKN) is designed for transportation of bulk
powder materials through pipelines using compressed air.
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Due to the use of original design solutions and optimization of the operating
modes of the pump, the reduction in compressed air consumption during the
transportation of bulk materials in conventional pneumatic transport systems
reaches up to 35 %. The temperature of the transported material of the PNK-20
pump is 150 °C, which is less than the temperature of the ash, and therefore the
temperature of the ash will decrease in the air slides.

It is proposed to install a dry method for cleaning slag behind boilers 5 and
6 using existing electrostatic precipitators.

The flow rate of the resulting ash in one boiler is 6 t/h.

Based on the selection of pneumatic transport, 2 pneumatic chamber pumps
PKN - 20 series of the POSEIDON [10] will be installed behind one boiler with
a capacity of 20 m3 / h.

Picture 3.2 —Pneumatic chamber pumps
PKN — 20 series of the POSEIDON

Pneumatic transport will be located in the Pump Room No. 1, which is
mounted at the permanent end of the boiler shop. Compressed air will be supplied
from the compressors of the steam power plant located on the territory of JSC
«ArcelorMittal Temirtau». The cost of upgrading the ash removal system is more
than 25 million tenge.

Conclusions

The article considered a comprehensive solution for the removal of ash and
slag at the station. The change of the hydraulic ash and slag removal system to
dry ash and slag removal is considered. This will achieve the following effects:

1) The implementation of the project for the construction of a system for
dry ash removal and storage of ash and slag waste at a dry landfill according to
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a high-load scheme will provide the station with storage for storage for a period
of up to 40 years.

2) The harmful impact on the environment will be minimized by reducing
the pollution of groundwater with pulp.

3) Reducing the area of ash dumps.

4) Reduction of water consumption by the station.

5) Reducing the level of electricity consumption at the station.

6) Possibility of using common types of steel in piping systems.

7) Reducing the cost of equipment maintenance.

Since the proportion of combustibles in the slag is very high, it is therefore
possible to consider the option of returning the slag to the combustion chamber
of the boiler. In this case, the following results can be achieved:

1) Optimization of costs associated with the removal of slag by road, its
storage and reclamation on the territory of the ash dump.

2) Improvement of the existing slag removal scheme with an increase in the
level of mechanization and automation of this process.

3) Increasing the level of the sanitary and hygienic condition of the premises
of the working area of the slag removal site.

The project is self-sustaining, the payback period is 6 years and 6 months.
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PEKOHCTPYKIIUA CUCTEMBI 30JIOIIJIAKOY JAJTEHUSL
B YCJIOBUAX TOI-2 AO «KAPCEJIOPMUTTAJI TEMUPTAY»

B oaunoii cmamve paccmompena moodepHuzayus cucmemol
sonownaxoyoanenus Ha TOL]-2 AO «ApcenopMumman Temupmayy, nepexoo
€ MOKPO20 CHOCcoba OYUCMKU 30716l U WAAKA HA 00jee MeXHOIOSUYHbIN
cyxou. Mnozoremunee npumeHeHue cucmemvl SUOPO30LOUAAKOYOAICHUS
(I'3LLY) npuseno k momy, 4mo CKONUIOCH 02POMHOE KOIUUECMBO 30J1bl,
KOmopas 8 nocie0cmsul He ucnonv3yemcs. Paccmompena kxomniexcnas
3amena 0060py008aHuUss MOKPO20 cnocoba oducmku Ha cyxoe. Mokpulii
cnocob npednazaem 2auieHue 000U (npu 3mo mepsiemcsi 00 1% meniosozo
KIIJ[ komenvnoeo acpeecama TII-81) ¢ nocaedyrowum npumereHuem
bazepHbIX HACOCO8 U YHOCA 30]10WIAKO8 NO KAHAIAM 2UOPO3010YOAICHUS.
Ha 30100M8asL. B 0anvHeliuem ucnonb308ams 3my 301y Heawssi. IIpu cyxom
300UIAKOYOATIEHUY 2alenue 000U He UCHOb3YemCsl, d NPUMEHEeMCs.
nHeBMamu4ecKkas cucmema yoaieHus npooyKkmos 2openus. 301a u3
2a3004UCTHHBIX YCIAHOBOK Yepe3 CUCeM) NHEEMOKAMEPHBIX HACOCO8 U
NPOMEIICYMOUHBIX OYHKEPO8 No0aémcsi no 30J10RPOBOOAM HA CUNOCHbLIL
cknao. Ilpumenenue OanHol MexHOIO2UU NO360AEM MUHUMUSUPOBAHO
8pedHoe go30elicmeue Ha OKpyscarweio cpedy, nymem CHUICEHUs
3azps3HeHUsl NOO3EMHBIX 800 NYILROU, YMEHLUUND NI0WAOU 30]I00MBEANL08,
yMeHvbluums nompebienue 800bl CMmaHyuel, UCNOLb308AMb 00bIUHbIE
6UObL cmanu 8 mpyoonpoOBOOHbIX CUCEMAX, YMEHbUUMb CTNOUMOCHLb
MEXHUUECK020 00CIYIHCUBAHUL 0OOPYOOBAHUS.

Kniwoueevie cnosa: xomen, wnak, 3010uiaxkoyoaienue,
nbLIENPUSOMosienue, 2u0PO30a0Y0dieHIe, MONIUBO, Y20, 30]d.
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Kazakcran Pecryonukacel, Temipray K.

Marepuan 6acnara 15.09.22 Tycri.

KYJI-KOXK IIBIFAPY ) KYHUECIH KAUTA ) KAHAPTY
«APCEJIOPMUTTAJ TEMIPTAY»AK 2-) K20 KAFJAUBIHIA

byn makanaoa «ApcenopMumman Temipmayy AK 2-JK20-0a
KYA-KOJHCObL JICOI0 JICYUECIH IHCAH2LIPIMY, Kyl MEH KONCObl MAa3apmyobly
ObIMKBL MOCINIHEH He2YPAbIM MEXHOLOSUANbIK KYypeaK mociiee KOuly
Kapacmuipwiiovi. Kon oceinoap 60uibl cudpoxyn-Koxcovl uibleapy
acytiecinoe (I'KKII) kondany nomuodicecinoe ken menuiepoe Kyai0iy
JHCUHATYLIHA OKENOI, OJl KelliHHEeH NAtOANAHLLIMAObL. [[bIMKbLT masapmy
90ICIH Kypeax mociimeH KeuteHOI aybicmulpy Kapacmoipwvliza. Cyivl 90ic
cymeH coHOIpyOi ycoinaowl (byn scazoavioa TI-81 xkazanovik azpezamultbiy
oreolny muimoinieiniy 1 %-xe Oeulin dcoeanaovt), cooan Keiin 6azepiik
copabLiapobl KOLOAHY JHCoHe KYa YUIHOICIHE 2UOPOKYJL JCOK apPHAIAPbL
O0oUbIHULA KYI-K0XCObIH uibleapy. borawakma Oyn kynoi naioanamy mymKin
emec. Kypeax kyn-k0icobl 2icoro ke3inoe cymeH COHOIpY NatloaIaHbLIMAOb,
Al JCany OHIMOEpiH JHCOHOObIH NHEGMAMUKAILIK JHCYUeci KOJIOAHbLIAObL.
Gorenje. I'az maszapmy KOHObIP2bIIAPLIHAH Ky NHEEMOKAMEPALbIK
copabliap MeH apanbli GYHKepep JHCyleci apKblibl Ky KyOblpaapbl apKblibl
cypiem Koumacvina bepinedi. bByn mexnonozusnvl KoIOany sicep acmivl
CYNApbIHBIY NYTLNAMEH JACTAHYbIH A3aumy, Kyl YUIHOLEPIHIY ay0aHbIH
asaiumy, CMAaHYusiHblY CY MYMBIHYbIH A3aumy, Kyoulp scylenepinoe
Bonammuiy o0emmezi mypaepin nanioanany, jHcaboblKKa mexHuKaivlK
Kbl3Mem KOpcemy KYHbIH d3aiimy apKblibl KOPUIA2aH opmaza 3usiHobl
acepoi azarimyaa MyMKIHOIK 6epeoi.

Kinmmi ce3zdep: Kaszanowvlk, Koo, KyI-KONCObI Wbl2apy, WaH
0atibiHOay, euOPOCOTL Ulbleapy, OMblH, KOMID, Kyl
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