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Energy savings through the use of refractory masonry with a lower thermal conductivity

Abstract

Main problem: recently, much attention has been paid to energy saving in production, especially when
it comes to industrial units that burn fuel. There are several ways to maximize the use of the heat released during
the combustion process, for example, to reduce the temperature of the flue gases at the outlet of the unit, by
maximizing its use, both in the technological process itself and by installing additional heat-receiving units, for
example, air heaters or other heaters. Another way to save money is to reduce heat losses through the lining of
these high-temperature units. Metallurgical units that consume a large amount of energy and fuel require an
analysis of their consumption, and ways to save their consumption based on the results of the analysis.

Purpose: this article considers the possibility of replacing the existing inner insulation layer of the
second and third sections of a high-temperature unit - a metallurgical furnace, with a new one with better
technical and economic indicators.

Methods:_the possibility of replacing the existing inner insulation layer of the second and third sections
of the high-temperature unit with a new one, with the best technical and economic indicators, was considered.
The calculation of heat losses by thermal conductivity through the side surfaces and the roof with new insulation
was performed, and the economic efficiency of the proposed solution was proved.

Results and their significance: replacing the existing inner layer of insulation - refractory concrete
PHLOCAST M30 (thermal conductivity coefficient from 1,4 to 1,45) with the proposed CERALIT GUN HK
70070 (thermal conductivity coefficient from 1,03 to 1,12) will reduce heat loss to the environment, and thus to
reduce fuel consumption for the furnace.

Key words: methodical furnace, heat, heat loss, energy saving, flue gases, thermal conductivity
coefficient, inner insulation layer, heat transfer coefficient, lining thickness.

Introduction

In heating furnaces, open heating of metal is carried out by high-temperature products of combustion of
gaseous or liquid fuels. These furnaces are characterized mainly by the countercurrent movement of the heated
metal and combustion products, as well as the presence at the beginning of the furnace (from the side of the
metal loading) of a developed unheated methodical zone, as a result of which they are often called methodical
furnaces. Calculated furnace - countercurrent type with one row of incoming workpieces. The workpieces
introduced by the pusher, going in a countercurrent flow with combustion products, first enter the recuperative
zone, where the top layer of scale is removed by the exhaust gas. After that, the blanks pass to the proper
preheating and subsequently to the heating zone, where they are brought to the final required temperature, then
to the holding zone, where the heat is dissipated to the entire amount of the product [1].

Materials and methods

As a result of the inspection of the inner surface of the lining of a high-temperature unit - a batch
furnace, significant cracks were found in the side walls of the second and third sections, which indicates the
destruction of its integrity and increasing heat losses to the environment, and as a result, an increase in fuel
consumption and economic costs.

The considered heating furnace consists of:

—a working space containing a vault, side walls and a hearth;

—a pusher designed to push the workpieces through the furnace;

— a recuperator for heating the blast air going for gas combustion in the furnace (air heating is carried
out by utilizing the heat of the flue gases from the furnace);

— combustion devices for burning fuel.

Results

Thus, the data obtained in the calculation of one of the zones of the furnace indicate that when replacing
refractories with new ones with a lower thermal conductivity, they show a decrease in heat loss from 3.2 to
3.08 %, thus using this refractory in the third section, you can also get a reduction heat loss, and as a result — fuel
economy.

Discussion

The calculated furnace is countercurrent type with one row of incoming billets (the dimensions of which
are: thickness 0,125 m, width 0,125 m and length 11 m). This furnace is characterized by the presence at the
beginning of the furnace (on the metal loading side) of a developed unheated methodical zone, as a result of
which they are often called methodical furnaces. Here there is a change in the temperature of the combustion
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products from 970 to 1090 °C; the second section is the first welding zone with an increase in the temperature of
the combustion products from 1090 to 1250 °C; the third section is the second welding zone with a temperature
of combustion products of 1250 °C. The scheme of the furnace is shown in Figure 1. The heating furnace works
as follows: billets are stacked in rows and pushed by a pusher into the butt on the refractory lining of the hearth
of the furnace, while the billets pass through the above indicated zones.
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Figure 1 — Methodical oven

As a result of the inspection of the inner surface of the furnace lining, significant cracks were found in
the side walls of the second and third sections, which indicates the destruction of its integrity and increasing
losses to the environment (Figure 2).

Figure 2 — Photographic data of the inspection of the inner surface of the lining of the heating furnace

After analyzing various insulating materials, it was decided to use the Ceralit insulating material, which
is used for the working layer of the lining of the side walls and the roof in the heating zone, the end wall from the



Becmnux Unnosayuonnozo Eepasuiickozo ynusepcumema. 2022. Ne 4 1SSN 2709-3077 113

unloading side of the furnace. It has a lower thermal conductivity and cost compared to the existing one; we
leave the layer thickness the same: the side walls of the second section and the side surfaces, and the facade in
front of the burners of the third section -230 mm; arch of the second and third sections -200 mm. The main
indicators of Ceralit are shown in Table 1.

Table 1 — Main Features of CERALIT GUN HK 70070

Maximum operating temperature, °C 1650
Material consumption, t/m® 2,40
Maximum grain size, mm 7,0
Apparent density after firing at 1000 °C, g/cm® 2,20
Open porosity after firing at 1000 °C, % 29
Reversible thermal expansion at 1000 °C, % 0,70

Saving energy resources by improving the thermal insulation properties of building envelopes is an
important issue that should take into account a number of technical and economic aspects. In the general case,
the optimal lining is the one in which the sum of the costs of its creation (materials, installation, etc.) and the cost
of heat losses over the period of its service is minimal. It is clear that with identical resistance, the reduction of
such characteristics of the materials used as cost, density, thermal conductivity is economically beneficial and
helps to reduce the consumption of refractories and fuel (Table 2).

Table 2 — Refractory characteristics of the side walls of the second section

Coefficient of thermal
conductivity, W
. - Y /“*K Operating
Thickness Characteristic Brand name 0
temperature, “C
Temperature, °C Value
CERALIT at t=500 1,03
230 mm Refractory concrete GUN HK at t=800 1,04 1650
70070 at t=1200 1,12
at t=200 0,17
at t=400 0,19
115 mm Insulating bricks BNZ 23 at t=600 0,22 1260
at t=800 0,26
at t=1000 0,3
at t=200 0,097
115 mm Insulating bricks ISO 450 at t=400 0,123 900
at t=600 0,144
. . at t=200 0,103
40 mm Calcium silicate boards INISIL 1000 At (=400 0.117 1000

The coefficient of heat transfer by radiation and convection from the outer surface of the masonry to the
environment is calculated by the expression:

4 4
O = 2’56(tnar _tokr )0125 + 4165 |:(tnar * 273] _(tokr + 273j } =

t. -t |\ 100 100

465 |(67+273) (20+273)°
=2,56(67—20)"% ! - =1263W/ ..
67200+ 57 %0 K 100 ) ( 100 J } Vo)

The characteristic of the insulation of the arch of the second section is given in Table 3.
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Table 3 — Refractory characteristic of the arch of the second section

Coefficient of thermal conductivity,
W -
Thickness Characteristic Brand name AW *K Operatlngo
’ temperature, C
Temperature, "C Value
at t=500 1,03
CERALIT GUN ’
200 mm Poured concrete HK 70070 at t=800 1,04 1650
at t=1200 1,12
Heat insulating KERLITE 130 at t=500 0,49
30 mm concrete AT at t=800 0,53 1300
Super insulating KERLITE F 60 at t=500 0,18
70 mm concrete AT at t=1000 0,2 1050

Coefficient of heat transfer by radiation and convection from the outer surface of the masonry to the

environment
L, 465 |(t, +273 Co(t, +273) |
t., — 1, 100 100

4 4
_ 2,56-(120— 20)"® + 03 (120”73) —(20”73] :15,76VV 2 )
120-20 [\ 100 100 (m*- &)

Heat loss through the side surfaces and the facade in front of the burners is determined according to the
characteristics given in Table 4.

anar = 2’56 : (tnar _tokr )0’25

Table 4 — Refractory characteristic side surfaces and facade in front of the burners of the third section

Coefficient of thermal conductivity,
. - W Operating
Thickness Characteristic Brand name A’l *K temperature,’C
Temperature, °C Value
CERALIT at t=500 1,03
230 mm | Refractory concrete GUN HK at t=800 1,04 1650
70070 at t=1200 1,12
at t=200 0,17
at t=400 0,19
115 mm Insulating bricks BNZ 23 at t=600 0,22 1260
at t=800 0,26
at t=1000 0,3
at t=200 0,097
115 mm Insulating bricks ISO 450 at t=400 0,123 900
at t=600 0,144
Calcium silicate at t=200 0,103
40 mm boards INISIL 1000 at t=400 0117 1000

Coefficient of heat transfer by radiation and convection from the outer surface of the masonry to the

environment
L 465 (t + 273)“ ~ (t + 273)“ ~
t — L. 100 100

465 |(71+273) (20+273)
=256-(71-20)" + — ( j —( j ~12,89W .
(1=200 42 00 { 100 100 /(mz K)

Specific heat flux through the laying of the side walls

anar = 2’56 ' (tnar - tokr )OY25
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bok3 __ tvn _t,]k,, B 1250-20 . W
o= o 1 023 N 0115 N 0115 N 0,04 N 1 = 6619 sz’
Z‘ I +a7 1116 0,2968 011438 0103235 12,89

nar

where 5i - is the thickness of the i-th layer of masonry, m;

A

- coefficient of thermal conductivity of the i-th layer of masonry, V%m K)’ is determined

depending on the material and the average temperature of the layer;
.., - the total coefficient of heat transfer by radiation and convection from the outer surface of the

masonry to the environment, V% ) K)'
m- -

Table 5 — Fireproof characteristic of the roof of the third section

Coefficient of thermal
. . conductivity, W Operating
Thickness Characteristic Brand name i /n *K temperature,OC

Temperature, "C Value
CERALIT GUN art=500 103

200 mm Poured refractory HK 70070 at t=800 1,04 1650
at t=1200 1,12
i i t t=500 0,49

30 mm Heat insulating KERLITE 130 AT a 1300
concrete at t=800 0,53
Super insulating at t=500 0,18

70 mm concrete KERLITE F 60 AT at t=1000 02 1050

Coefficient of heat transfer by radiation and convection from the outer surface of the masonry to the
environment

4 4
Ao = 2’56(tnar - tokr )0125 + 4,65 (tnar hl 273) - (MJ =
tnar B tokr 100 100

256120 20f= + 465 (1294-273) _(204-273j :1633%9/ o
129-20 [l 100 100 (m*- K)

The heat loss through the furnace masonry in the existing version is found as:

% _ Zle *100,

kl M

obs1

where Y Qy - total heat loss through the furnace masonry, Y Q,=1653,685 W;

% 1653685*100

= =3,2%.

M 51722344

Heat loss through the furnace masonry after replacement:

% __ ZQKI *100’

kl M

obs1

where Y Qkl - total heat loss through the furnace masonry, Y Qy=1588,233;
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*
Q= 1588233*100 _ 308%.
51629386

Conclusion

Since the proposed refractory concrete has a lower coefficient of thermal conductivity, the loss of
thermal conductivity decreases from 3,2 % to 3,08 %, which leads to a decrease in fuel consumption burned in
the furnace.
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A.Il. IlneBako
WunoBanusuibik Eypasust yauBepcureti, Kazakcran

Kby eTKI3rimTiri TeMeH 0TKa Te3iMAi TacThbl KOJAHY apKbLIbI JHEPrUsiHbI YHEMAEY

CoHFBI yaKBITTa OHAIPICTEe, ocipece OTHIH KaraTbIH OHIIPICTIK KOHABIPFBUIAPFA KATBICTHI SHEPTHSHBI
yHemzeyre, Kem KeHin Oeminyme. JXany ypzici ke3iHme OeiHETIH J>KBUTyIBI MaKCHMAJIBl TaldanaHyIbIH
OipHente xoJbl 0ap, MBICANIBI, TEXHOJOTHSUIIBIK YPAICTIH ©3iHIe e, KOChIMIIA KOHIBIPFBIIAPIbl OPHATY apKBLIEI
OHBl MaKCHUMaJIbl TaiiianaHy apKbUIbl KOHABIPFBHIHBIH LIBIFBICEIHAAFBl TYTiH ra3JapbIHBIH TeMIepaTypachlH
TOMEHJIETY, JKbLITy KaObUIgay KOHIBIPFBUIAPHI, MBICANBI, aya JKbUIBITKBILTAPHl HeMece 0acKa >KbLIBITKBIIITAD.
AXIIaHbl YHEMACYIH TaFbl Oip MOJIbI — OYJI J)KOFaphl TeMIIepaTypalibl KOHBIPFbUIAP/AbI KalTay apKbUIbl JKBLTY
LIBIFBIHBIH  a3aliTy. DHEprus MeH OTHIHHBIH KOIl MOJIIEpPIH TYTBIHATHIH METALTYPrHsIIbIK KOHABIPFHLIAP
OJIap/IbIH JKYMCAIYbIH TaIJay/bl, TANJAy HOTHXKeIepl OOMbIHIIA TYTHIHYABI YHEM/IEY JKOJIapbIH Talam eTe.

by mMakanaga skoFapbl TeMIIepaTypasibl KOHIBIPFBI — METAJUTYPIUSIIBIK MEIITIH SKIHIIN JKOHE YIIiHIII
CeKIMSUTApbIHBIH ~ KOJJAHBICTAFbl IIIKI OKIIayslay KaOaTblH TEXHHUKAJIBIK-DKOHOMHUKAIBIK KOPCETKIlTepi
JKaKChIPaK KaHAChIHA aybICTBIPY MYMKIHIIT KapacThIPbUIAIbL.

JKorapbel Temmeparypanbl KOHIBIPFBIHBIH CKIHIII XOHE YIIIHINI YIeCKUICpiHIH KOJNJAaHBICTAFBI iIIKi
OKIIayJay KabaThlH TEXHUKAJBIK-D)KOHOMHUKAJIBIK KOPCETKILITepi eH JKAKChl )KAHACBHIHA ayBICTBIPY MYMKiHIIri
KapacTHIpBUINBL. ByHipiik OeTTep MeH jkaHa OKIIayJayMeH MIaTHIP apKbUIBI KBUTY OTKI3TIIITIK OOUBIHIIA JKBLTY
IIBIFBIHIAPBIH CETTEY KYPTi3ili KoHEe YCHHBUIFAH MEIIIMHIH SKOHOMHUKAIBIK THIMILTIT] TOICIICH]II.

KonmanbicTarsl OKIIaynayablH imiki xabareiH - otka Ttesimai 6eronast PHLOCAST M30 (kbuty
oTkizrimTik kKo3ddumnmenti 1,4-ren 1,45-ke meitin) yepasuiran CERALIT GUN HK 70070 (xputy eTKi3rimTik
ko3 durmenti 1,03-ten 1,12-re meiiin) aybICTBIpy KOpIIAFaH OpTara >KbUTY HIBIFBIHBIH a3aifTalbl, OChLIAMIIA
OTBHIHHBIH HIBIFBIHBI MEH IEIIKEe apHaIFaH TYThIHY/Ibl a3aiThUIA/IbL.

Ty#iHal ce3nep: oMiCTEMENIK Mell, JKbUTY, KUY KOFAITY, SHEPTHAHbI YHEMJIEY, TYTIH ra3fapbl, KbUTY
OTKI3riTIK KO3 duImenTi, ki oKmaysay Kadarsl, xKbuty 6epy ko3 duiueHTi, ToceM KabIH]IbIFbIL.

A.IL IlneBako
MuuoBauuonnslil EBpasuiickuii yausepcuret, Kazaxcran

JHeprocOepeskeHHe 3a cyeT UCNOJIb30BAHUS OTHEYNOPHOIl KJIAJAKU ¢ MEHbIIUM KO3 puumneHTOM
TeIUIONPOBOHOCTH

B mocnexgnee BpeMst BompocaM 3HeprocOepekeHus Ha MPOU3BOJCTBE yaenseTcs OonbIioe BHUMaHUE,
0COOEHHO, KOTJa pedb HIET O TPOMBIINUICHHBIX arperarax, Ha KOTOPBIX CXKUTaeTcs TOIuMBO. CyIecTByeT
HECKOJIbKO TyTeH MaKCHMAaJIBbHOTO HKCIIOJIb30BAHMS TEIUIa, BBIJCIICHHOTO B TIPOIECCe TOPEHHs, Hampumep,
YMEHBIIICHHE TeMITepaTyphl IBIMOBBIX Ta30B Ha BHIXOJE M3 arperara IMyTeM MaKCHMAaJbHOTO €€ WCIOJb30BaHus,
KaKk B CaMOM TEXHOJIOTHYECKOM TIpoIlecce, TaK M YCTAHOBKOW JOMOJHUTEIHHBIX TETUIOBOCIIPUHUMAIOIINX
arperaToB — BO3/1yXOIOJOrpeBaTeNell Wi UHBIX MojorpeBarteneil. Eile ouH myTh 3KOHOMUHU — 3TO CHUXKEHUE
MOTEPh TEIUIOTHI Yepe3 OOMYpPOBKY ATHX BBICOKOTEMIICPATYPHBIX arperatoB. MeTayuTyprudecKhe arperatel,
noTpeOIsrone OoNBIIOe KOJIMYECTBO HSHEPTMU M TOIUIMBA, TPEOYIOT aHanM3a WX MOTpPeOJIeHUs, myTei
9KOHOMHH UX MOTPEOJICHUS IO pe3yIbTaTaM aHAJIH3a.
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B ar0#i craTthe paccMOTpeHa BO3MOXHOCTb 3aMEHBI CYLIECTBYIOIIETO BHYTPEHHETO CJIOSI M30JSLUU
BTOPOTO M TPETHETO YYacTKa BBICOKOTEMIIEPATypHOTO arperara — METaJUIypruuecKoil Iedn — Ha HOBBIH, C
JYYIIMMH TEXHUKO-DKOHOMHYECKUMH II0Ka3aTesIiMHU. BBIMOMHEH pacdeT MoTeph Terla TEIUIONPOBOAHOCTHIO
4yepe3 OOKOBBIC MOBEPXHOCTH W CBOJ IIPH HOBOIM HM30JALMHM, JOKa3aHa SKOHOMHYecKas 3((HeKTHBHOCTH
IpeIaraeéMoro pereHus.

3aMeHa CyIIeCTBYIOIIETO BHYTPEHHETO CJ0s M30isinuu — orHeynopHoro 6erona PHLOCAST M30 ¢
kodpdunnerTom TtemionpoBogHocT oT 1,4 mo 1,45 mHa mpemmaraemerii CERALIT GUN HK 70070 c
ko3 PunnerTom TerronpoBogHocTd oT 1,03 1o 1,12 MO3BOIUT CHU3UTH NOTEPH TEIIa B OKPYKAIOIIYIO Cpery U
pacxol TOIUIMBA Ha MeYb.

KiroueBble ciioBa: MeToqM4YecKas edb, TEIUIOTa, HOTEPH TEIUIOTHL, YHEprocOepekeHNe, THIMOBBIE ra3bl,
KO3(ULIUEHT TEIUIONPOBOAHOCTH, BHYTPEHHHMI CiOM wM30is1Mu, KO3(DOUIMEHT TemIo0TAauy, TOJIIUHA
(yTepoBKH.
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