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MNHHOBALMOHHDIV U HafeXHbI NapTHep

Komnanua RHI Magnesita - nuaupyioLlee 1 BefyLiee Ha MUPOBOM PbIHKE
npeanpuATHE B 06NacTi OrHEeYMNOpPOB — CBOIO BCEMVPHYIO IEATENBHOCTH B
cthepe CTEKONbHON NPOMBILLNEHHOCTU KOHLEHTPMPYET B NoApa3feneHuy
Process Industries & Minerals. RHI Magnesita Process Industries &
Minerals npeanaraeT BbICOKOKaYECTBEHHYIO OrHEYMOPHYIO NPOAYKLMIO 1
PELLEHNA, a TaKXE YCNYr OT OAHOMO L.

Bpexabl npoaykuum RHI Magnesita, Takue Kak, Hanpumep, Didier, Veitscher,
Radex — 370 MHOroneTHee Hoy-Xay, MHHOBALMOHHbIE TEXHOMOT AW 1 BbiC-
Lee Ka4ecTBo.

MpescTaBneHHaA No BCeMy MUPY CETb AUCTPUOBIOTOPCKIX M CEPBUCHBIX
LEHTPOB 06ECMEYMBAET HAUMYHLLUA W HALEXHbII CEPBUC B OTPACAM: KOM-
NETEHTHbIE COTPYAHWKY, KOTOPbIE NOCTOAHHO MOAAEPKMBAIOT OT/IMYHbIE
3HaHA TEXHOMOr M Ha COBPEMEHHOM YPOBHE, BCErTa FOTOBbI PELLNTH
npobremy 1 NoAAepXaTb KNMEHTOB B CTIOKHOA CUTYaLMN.

RHI Magnesita — 3T0 rapaHT1A BbICOKOrO Ka4ecTBa 11 MIHHOBALMI, pa3pabo-
TaHHbIX C LENbIO YOBNETBOPUTL NOCTOAHHO NOBbILLAKLLMECA TPEOOBAHMA
CTEKOSbHOM NPOMBILLAEHHOCTY. Icnonb3yeTca Nuib TUATENbHO 0TOOPaH-
Hoe cbipbe. [leatensbHocTb RHI Magnesita B cdepe HAOKP ckoHLgHTp1po-
BaHa Ha pa3paboTke OrHeynopHbIX MaTepHanos ¢ HI3KOI Npeapacnono-
XEHHOCTbIO K 00Pa30BaHMio JeeKTOB B CTEKNIE U B TO K€ BPEMA C
BbICOKOM YCTONYMBOCTBIO K KOPPO3NU.

RHI Magnesita aenaeT 3HauMTENbHbI BKNAZ B 3aLLiMTy OKpyXatoLLen cpefbl
3a CYeT NPOM3BOACTBA PECYpCcOCOEeperaoLLei NPoayKLMN B COOTBETCTBUM
C BbICOK/MU CTaHAApTaMN.

MpexacTasneHHan no BCeMy MUPY CETb NMPOU3BOACTBEHHbIX NMPEANPUATHI
RHI Magnesita HacuuTbiBaeT 35 OCHOBHbIX NPOV3BOACTBEHHbIX MPEANPHA-
TUI, OCHALLEHHbIX COBPEMEHHENLLIMM NPOU3BOACTBEHHbIM 0O0PYLOBaHM-
€M, a TaKXe IMEET MexXIyHapoaHble cepTdUKaTbI MO 3KOMOMUN 1 rapah-
TUN Ka4ecTsa.

We are
RHI Magnesita

An Innovative and Reliable Partner of the Glass Industry

RHI Magnesita is the global leader in refractories and concentrates its world-
wide activities for the glass industry in the BU Process Industries & Minerals.
RHI Magnesita Process Industries & Minerals offers high-end refractory products
and solutions and services, from a single source.

RHI Magnesita’s product brands, such as Didier, Veitscher, and Radex, stand for
decades of know-how, innovative technology, and top quality.

A worldwide sales and service network ensures the best and most reliable
customer service in the industry: competent employees with outstanding techni-
cal expertise are always available to solve problems and support customers in
emergencies.

RHI Magnesita guarantees top product quality and continuous innovations in
order to meet the increased requirements in the glass industry. Only carefully
selected raw materials are used. R&D activities at RHI Magnesita focus on the
development of refractory materials with low glass defect potential and high
corrosion resistance.

RHI Magnesita makes an active contribution to protecting the environment
through the effective use of resources in production and the highest environmen-
tal standards.

The worldwide manufacturing network of RHI Magnesita, which comprises

35 main production plants, is equipped with state-of-the-art production facilities
and has international registered certificates for environment and quality
assurance.
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Hacapkn pereHepartopa

[lna npouecca Bapki cTekna TpebyeTca 60MbLUIO 00beM SHEPruM NMpK
0[IHOBPEMEHHO BbICOKOM paboyelt TemnepaType. YTobbl MCNONb30BaTh SHEP-
Mo Kak MOXHO ahdekTuBHee, AnA pekynepaLum Tenna npuMeHaoT
pereHepaTopbl. PereHepaTopsl 3anoNHAIOT MaTePManoM, KOTopbI LMKaMi
Hakan MBaeT TENNO W OTAAET. ITOT MaTEPUan Ha3blBaAIOT HACAAKOM.

Xopoluaa Hacagika JONXHa OTBEYaTb HECKOMbKIM TPeBoBaHNAM:

I Bbicokan addheKTUBHOCTb pekynepaLm Tenna n3 oTpaboTaBLLero Bo3ay-
Xa 3a cyeT
> BbICOKOW YAEMbHON NNOLLaAM TeNA00TAaum
> JI0CTaTOYHOM TypOYNEHTHOCTY, 4TOBbI 06ecneunTb SMEKTUBHBIN

TennoobmeH

B MexaHn4eckan NpOYHOCTb HacaaKy [IOMXHA COXPaHATLCA B TEYEHME MHO-
ruX ner.

W MaTepuarsl ONKHbI BblAEPXMBATb TEMOBbIE U XUMUYECKIE Harpy3Ki,
KOTOPbIE B Pa3HbIX 30HaX pereHepaTopa MOryT 3HAYUTENbHO OTANYATHCA.

B Hu3kaA CKNOHHOCTb K 3aCOPEHMI0 KOHAEHCATaMM.

13 Bcex cucTem Hacamok ropLieyHble Hacaaky, u3obpeTeHHbie B 1979 .
komnaHueit Veitscher Magnesitwerken, Hanbonee oTeeyaioT aTum
TpebOoBaHNAM.

Mo cpaBHeHWO ¢ hyTEPOBKON B BIAE KNaaKM «NNETEHKON» 3TW KaMHM
OT/IMHAIOTCA MEHbLLIEN TOMLLMHOM CTEHbI KAHAMOB 1, TakiM 00pa3oM,
NIYHLMM COOTHOLLEHMEM MeX Ty NOBEPXHOCTHIO 1 06BEMOM.

Kaxgblit kameHb Hacaaky Ha 100% noaaepXuBaeTca pacnonoxXeHHbIM
HWXE KaMHEM 11 HEMOCPECTBEHHO KOHTAKTUPYET C BOCEMbIO APYrMMIA
kamHAMN. TakaA Hacaaka n3 ropLUeYHbIX KamHel MpoyHa HacTOMbKO, YTO
[Jaxe NpK OTCYTCTBUM HECKOMBbKMX KaMHEN B MOCNEAHEM HUXHEM PALY ee
CTabUNBbHOCTb HEe HapyLLeHa.

Regenerator Checkerwork

The glass melting process requires large amounts of energy at high process

temperatures. In order to use the energy as efficiently as possible, regenerators
are used for heat recovery. Regenerators have to be filled with materials which

discontinuously store and dispense heat, the so-called checkerwork.

Good checkerwork has to fulfill several requirements:

I High efficiency to recover heat from waste gas by
> a high specific heat flux area
> sufficient turbulences to enable heat exchange

I The mechanical stability of the checkerwork must be given over
several years.

I The material has to resist thermal and chemical wear, which can
differ greatly in the different zones of the regenerator.

M Low tendency for clogging

Of all checker systems, the chimney blocks, invented in 1979 by Veitscher
Magnesitwerke, fulfill these requirements best.

Compared to simple basket weave lining, they enable much thinner channel
walls and consequently a better surface to volume ratio.

Each chimney block in the checkerwork is 100% supported by the subjacent
blocks and has direct contact with eight other blocks. Thus, a chimney block
checkerwark is so stable that even if some carrier tiles are missing, the
construction is not completely destabilized.
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B apyrux cuctemax Hacafok HeT NOANEPXMBAEMOIl 30HbI (cnabble MecTa),
TakyM 06pa3om, 00LLIaA KOHCTPYKLMA MeHee CTabuibHa.

GLASS / REGENERATOR

Other checker systems have non-supported areas (weak spots) in the setting, so

that the resulting design is less stable.

Pexxum notoka

CeroHa Kak CTaHAapT yTBEPAUNNC 1Ba (hopmaTa Hacamok.
Oopwmat TG 6e3 BbIPE30B MEET HaUMYYLLYI0 MEXGHUYECKYIO MPOYHOCT.

Oopmar TL (¢ Bbipe3om B kaxgoit cTopoHe) bbin 11306peTeH B 1982 1. 1 06pasy-
€T TypOyNeHTHOCTb B NOTOKE 0TPaboTaBLLEro BO3AyXa. Takaa TypOyneHTHOCTb
crocobeTBYeT nepeade Tenna Mexay 0TpaboTaBLUMM ra3oM WK BO3ZYXOM 1
HacazKo#, NoBbILLIAA TeM CamMbiM 3DHEKTUBHOCTb.

[InA coBpeMeHHbIX Hacaaok pereHepaTopa ncnonb3yiot hopmat TL 8 ropayeit
30He, a hopmaT TG B 30HE KOHAEHCALMMA U B XONOZHOI 30HE pereHepaTopa.

Gas Flow Patterns

Twao shapes of chimney blocks are predominant today.
The TG brick (without openings) provides the best mechanical stability.
The TL brick (with openings on each side), invented in 1982, induces turbulences

in the waste gas stream. Those turbulences improve the heat exchange between
exhaust gas or air and the bricks and therefore the efficiency.

In modern checkerworks the TL shape is installed in the hot zone and TG shape in
the condensation zone and cold zone of the regenerator.

CTaHRapTHaA BbICOTa COBPEMEHHbIX HACAA04HbIX kamHel 175 mm. OHu npes:-
CTaBAAKOT COBON 1AganbHbI KOMMPOMIUCC NPy BbIGOpe Mexay YAo6CTBOM uc-
MONb30BaHMA 1 ANUTENBHOCTHIO MOHTAXa.

Today chimney blacks have a standard height of 175 mm. They represent an ideal
compromise between fast installation times and handling.

Shape Flue size Thickness Height Brick volume Specific heat flux area
TG TL TG TL
e
14/175 142 38 175 422 374 15.9 16.6
17/175 170 40 175 522 451 13.9 14.2
Brick volume / O6bem kamHa
Flue size / WupwHa kaHana
Height / BoicoTa
Shape / ®opma
Specific heat flux area /
YrenbHaA nnoLadp Tennonepesain
Thickness / TonwHa
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CTOMKOCTb K XMMUYECKUM
BeLlecTBaMm

B nocneaHue rofipl NOYTYH BCE HACAAKM BINOMHAMMCE U3 MArHe3nansHoro uim
OafnenenTo-MarHe31ansHoOro Kupnuya. PasnnyHas orHeynopHaa npoaykuua
3[1aNTIPOBANACh CreLMarnbHo NOZ XMMUYECKIE, TEMNOBbIE U MEXaHNYECcKMe Ha-
TPY3K OTAENbHbIX PEreHepaTopoB. 3apekoMeHI0BaM CebA Takue copTa Kak
ANKER DG1 n ANKER DG3 (marxesuansHbie) 1 RUBINAL EZ, a Takxe
RUBINAL VZ (6annenento-marHesnanbHole). HosaA paspaboTtka — 370 MarHeau-
anbHblit kupnuy Ha wWnmkenbHol caske RUBINAL ESP.

Top courses (2-4 layers)
RUBINAL VZ

DURITAL AZ58 TS
DURITALRK10 TS
DURITAL K99EXTRA

Middle courses (> 1100 °C)
RUBINAL VZ
ANKER DG1

Condensation zone (800 °C — 1100 °C) ——
and bottom courses (< 800 °C)
RUBINAL EZ

Chemical Resistance

In recent years, most of the chimney block checkerwork has been constructed
with magnesia or zircon-containing magnesia bricks. The various grades have
been specifically adapted, thermal and mechanical requirements in

the different zones of the regenerator. Proven grades are ANKER DG1, ANKER
DG3 (magnesia), RUBINAL EZ and RUBINAL VZ (zircon-magnesia). The
spinel-bonded magnesia brick RUBINAL ESP is a new development.

W

RUBINAL ESP

Top courses (2—4 layers) / BepxHie paap! (paapl 2—4)

Middle courses (>1100 °C) / Cpeanue pagsi (>1100 °C)

Condensation zone (800 °C — 1100 °C) / 3oHa koHaeHcauun (800 °C — 1100 °C)
Bottom courses (< 800°C) / HuxHue pags (< 800°C)

GLASS / REGENERATOR
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MexaHun3m Koppo3un B
neyax AjA n3BecTkoBoO-
HaTPWEBOro CTekNa

BeegeHue

Ha Hacanku pereHepaTopa Oka3blBatoT BO3LENCTBUE HECKONMBKO
(akTopos:

B YacTuupl LWyXTHI

I [TpozyKThl CropaHna X1naKoro nnn rasoobpasHoro Tonnmea

I JleTyune coeMHEHNA, BbIENAIOLMECA B MPOLECCe Bapky CTekna

B nononHeHmne K oknCnTebHbIM YCI0BUAM, BCE GOnee WnpoKo
1ICMONb3YI0TCA BOCCTAHOBUTEbHbIE ra30Bble CPefbl ANA NOHUKEHA
yposHelt NOx B 0TxoALLleM rase. B peaynbtate, OrHeyrnopHble
MaTepuanbl ANA HacafoK pereHepaTopa CTaakuBaloTca co Bce Gonee
XECTKUMI YCNIOBUAMM.

Corrosion Mechanisms in
Soda-Lime Glass Furnaces

Introduction

The regenerator checkerwork can be attacked by several factors:
M Carryover from the glass batch

M Qil or gas combustion products

I \lolatilization products from the glass melt

In addition to oxidizing conditions, reducing atmospheres are increasingly used to
lower NO, levels in the flue gas. As a result, the refractory materials used for the
regenerator checkerwork face new challenges.

Regenerator-Simulationstest
MopenbHoe ucnbiTaHue pereHepartopa

»
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Bo3gencteBune Ha Hacaaky B
OKUCIINTENbHbIX YCNIOBUAX

BepxHue pagpl 1 BbicOKOTeMMepaTypHaA 30Ha (TemnepaTypHbIi AManasoH
> 1100 °C)

OCHOBHOE pa3pyLLEeH1e B BEPXHUX PAZAX NPOUCXOANT BCNEACTBIE Nonaja-
HWA YacTNL, Necka. Ecnn B kayecTBe TONMMBa MCMONb3yeTcA HeobpaboTaHHaA
HedTb, MOXET NPOUCXOaNTb pa3pyleHne u3-3a V,0;. B Takux ycnosnax Hanbo-
nee NpeanoYTUTENBHO 1CMOb30BaTb A1A Knaaki BepxHix pagax RUBINALVZ. B
3TUX KMPMYaX NepUKNa3oBble 3epHa 3aLLLLEHbl (DOPCTEPUTOM U LIMPDKOHUEM.

Kak croitkuit k Bo3nencTamio CaO B BEPXHUX PAAAX HACAAKI 3apeKoMeHa0Ban
ceba DURITAL K99EXTRA. Ecnu e npeasuanTca BO3aAeACTBUE MENKOAN-
cnepcHbim cTeknoboem, pekoMerayem Bbiopatb DURITAL RK10 TS wnn anb-
TepHaTuBy 6e3 xpoma DURITAL AZ58 TS. Bonee netanbHyio nHbopmaLnio Mo-
KETE HaliT! Ha CredyIoLLyX CTPaHMLAX.

[inA BLICOKOTEMNEPATYPHON! 30HbI (Fe TeMNepaTyPHbIN AnanasoH JOXOANT
snnotb o 1100 °C) ANKER DG1 npeacTasnAeT cobolt Hanbonee onTuManbHblil
BApMaHT [1/1A UCMONb30BaHWA B ra3oBbix nevax. Ho ecnn B kayecTse Tonnmea
11CMONb30BaTh HenepepaboTaHHyo HedTb, ¢ Gonee BbICOKIM COLEPXaHNeM
OKCHAa BaHaaua, nyyile Beero nenonb3osatb RUBINAL VZ.

Peakuun B BepxHuX pagax u ropayei soue (> 1100 °C):

1. Bosgetictaue Si0,:
2 MgO0 + 8i0, — dopctepuT (M,S = Mg,Si0,) (AV=96%)
avkanbuma cunmkar (C,S = Ca,Si0,) + Si0, + MgO —
mepsuHuT (C,MS, = Ca;Mg(Si0,),), moHTnyenauT (CMS = CaMgSiO,)

2. Bosgeitctaue V,0q:
ankansuna cunvkart (C,S = Ca,Si0,) + V,0; —
Ca-gaHagat v Ca-BuHaaWT (nerkoucnapaioLmiics)
3. Bospeiictaue Ca0:
dopctepnt (M,S = Mg,Si0,) + Ca0 —
MepBuHHT (C;MS, = CagMg(Si0,),), moHTnuenauT (CMS = CaMgSi0,)
3amevanme:
MepsuHnT (C,MS,), Touka nnasnerua 1575 °C.
MonTndennut (CMS), Touka nnasnenna 1495 °C.

GLASS / REGENERATOR

Attack in
Oxidizing Conditions

Top checker courses and hot zone (temperature range > 1100 °C)

The main attack in the top courses is from the sand carryover. If heavy oil is used
as a fuel, attack due to V,0; can occur additionally. RUBINAL VZ has proven
successful under such conditions. In these bricks the periclase grain is protected
by a rim of forsterite and zirconia.

DURITAL K99EXTRA has provided best service results upon Ca0 attacking the top
checker courses. DURITAL RK10 TS or the chrome-free alternative DURITAL AZ58
TS is recommended if there is an attack by fine glass cullets. More details are
given on the following pages.

For the area below the top checker courses (up to a temperature range of

1100 °C) ANKER DG1 is suitable for gas-fired furnaces. In the case of firing with
heavy oil, a higher V,0; content is to be expected in the flue gas. Therefore,
RUBINAL VZ is the appropriate choice.

Reactions in the top checker courses and hot zone (> 1100 °C):
1. Si0, attack:

2 MgO + Si0, — forsterite (M,S = Mg,Si0,) (AV=96%)

dicalcium silicate (C,S = Ca,Si0,) + 8i0, + Mgl —

merwinite (C,MS, = Ca;Mg(Si0,),), monticellite (CMS = CaMgSi0,)

2. V,0; attack:
dicalcium silicate (C,S = Ca,Si0,) + V,0, —
Ca vanadate and Ca vanadite
3. (a0 attack:
forsterite (M,S = Mg,Si0,) + Ca0 —
merwinite (C,MS, = Ca;Mg(Si0,),), monticellite (CMS = CaMgSi0,)
Note:
Merwinite (C,MS,), melting point 1575 °C.
Monticellite (CMS), melting point of 1495 °C.

3oHa koHpeHcaumm (TemnepatypHbiit guana3oH 800 — 1100 °C) n Hux-
Hue pagbl (< 800 °C)

OtxozAwuit ras conepxut SO, M3 OCBETANTENA CTEKOMACCHI U NPOAYKTOB
roperua HedTu. YacTb atoro SO, pearupyeT ¢ kucnopopom 1 o6pasyet SO;.
NaOH, ABRAIOLMIACA NETYYUM COBAMHEHNEM 1 BbIAENAIOLIMACA U3 LUMXTbI B
npouecce Bapky cTekna, BeTynaeT B peakupio ¢ SO, 1 o6pasyet Na,S0,. B
30He koHgeHcauyn, Na,S0, KoHAEHCHPYETCA U BIMTLIBAETCA B KUPNWY, Npyu-
BOAA K MOCNEAYIOLLEMY YMEHBLIEHMIO 3M1aCTUYHOCT!.

B ononHeHue K 3Tomy, 136bITO4HbIA SO, MOXET BCTYNaTh B PEaKLMIO C
KOMMOHEHTaMU KUPM4a 1 NPUBECTY K Pa3pyLUeHIio Kupnnda. MarHesau-
anbHOLMPKOHOBbIE Knprinym (Takme kak RUBINAL EZ) 3apexomermoBanu ceba
B 370N 06nacTu. lepnknasoBble 3epHa B KMPNMYax Takxe 3aLLuLLeHbl hop-
CTEPUTOM W LMPKOHMEM, KOTOpbIE He NOABEPraloTcA BO3AENCTBUIO Cynbda-
108 unm S0;.

MockonbKy LMPKOH MCMONb3YeTCA 1A U3rOTOBAEHNA MHOXECTBA Pasniny-
HbIX OTHEYMOPOB, Hannu1e Pyl LMPKOHa HeHaaexkHo. 1o 3Toi NpuinHe
OrHeynopHan MpoAYKUWA, He COAEepXallan LMPKOH, Bee BOMbLUe 3aBOEBbI-
BaeT uHTepec, Hanpumep, RUBINAL ESP.

RUBINAL ESP - 370 MarHe3uanbHblit KUpnny ¢ 04eHb CUAbHOM LUNMHENb-
HOW CBABYIOLLIEN MaTpULEN. TakaA LWNMHENbHAA CBA3YIOLLAA MaTpKLA
YCTON4MBA K CynbaTaM 1 3aLLyLIaeT KpucTanibl nepuknasa. loatomy
ropuueyHble kamHu 13 RUBINAL ESP mMoxHO 1cnonb3oBaTh B 30He KOH-
JEHCaL1 NpY OKUCANTENBHBIX YCNIOBHAX.

Kak npasuno, ncnonbayiotca RUBINAL EZ van RUBINAL ESP ana HixHNx
PALOB.

Peakuyu npu oKncAMTENbHBIX YCOBMAX B 30HE KOHAEHCALMM
(800 - 1100 °C):
1. ObpasoBaHue cynbdara:

250,+0, =250,

S0, +2 NaOH — Na,S0, + H,0

2. Bospeitcaue SO,
Mg0 + SO, = MgS0,
Ca0 + S0, — CaS0,

3. Bosgeitctaune Na,SO0,:
Mg0 + Na,S0, — Na-Mg-cynbdarbl

Condensation zone (temperature range 800 — 1100 °C) and bottom
courses (< 800 °C)

The flue gas contains SO, from the refining agent and fired oil, if used. SO,
reacts with oxygen to form SO,. NaOH, which is a volatilization product of the
glass melt, reacts with SO, to form Na,S0,. In the condensation zone of the
checkerwork, the vaporous Na,SO, condenses and infiltrates the brick,
resulting in the subsequent reduction of brick elasticity.

In addition, excessive SO, can react with the brick components and lead to
brick destruction. Based on these attack mechanisms, magnesia-zircon bricks
(e.g. RUBINAL EZ) have provided good service results in this area. The
periclase grains in the bricks are also protected by a rim of forsterite and
zirconia, both of which are not attacked by sulfates or SO,

Since zircon is widely used in different refractory products, the availability of
this raw material cannot be guaranteed. Therefore, zircon-free magnesia
products have become increasingly interesting. RUBINAL ESP. for example,
was developed for this purpose.

RUBINAL ESP is a magnesia brick with a very strong spinel bonding matrix.
This spinel bonding matrix is resistant to sulfate attack and protects the
periclase crystals. Therefore, RUBINAL ESP chimney blocks can be used in
the condensation zone of the regenerator in oxidizing conditions.

Currently, it is standard to use RUBINAL EZ or RUBINAL ESP for the bottom
COUrses.

Reactions in oxidizing conditions in the condensation zone
(800 - 1100 °C):
1. Sulfate formation:
250,+0,— 250,
S0, +2 NaOH — Na,S0, + H,0
2. S0, attack:
Mg0 + SO, — MgS0,
Ca0 + S0, — CaS0,
3. Na,S0, attack:
Mg0 + Na,SO, — Na-Mg sulfates

»
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Bosgeunctaue npu
BOCCTAHOBUTENbHbIX
YCNOBUAX

[inA BEpXHUX PALOB W ropAYelt 30HbI CTENEHb KOPPO3UI COU3MEPNMA, KaK
MPY OKMCAMTENbHBIX, TaK W NP BOCCTAHOBMTENBHBIX YCIIOBMAX, HO TEM HE
MeHee, B 30He KOH/EHCaLWN UMEIOTCA CBOM OTINYMA.

B BOCCTaHOBUTENBHOI CPEAE OTXOAALLMIA ra3 He COAEPXXMT CBOGOAHOTO
kicnopoga. Moatomy SO, He okucneH, a 0bpa3oBaHue cynbdaTa orpa-
HuyeHo. LLlenoub ocTaeTca He caAzaHHoM, kak NaOH B oTxogaLlem rase.
B peaynbTarte, B 30He KOHAEHCALMM BCe OrHeynopel, cogepxaldye > 0,8
ec.% Si0,, noggepraiotca cunsHomy Boazelictanio NaOH.

Mp1 BOCCTAHOBUTENbHBIX YCOBNAX EAMHCTBEHHbIA YCTONYMBLIA MaTepuan
— 3TO NMepPKKNIa30BbI KMPNuY Ha npAmoit ceAske (Hamp., ANKER DG1).

Attack in
Reducing Conditions

For the top courses and hot zone beneath, the corrosion phenomena are
comparable in both oxidizing and reducing conditions. However, there are
significant differences in the condensation zone.

Ina reducing atmosphere the flue gas contains no free oxygen. Therefore, the
S0, is not oxidized and, consequently, the formation of sulfate is not possible.
Therefore, the alkalis, e.g. NaOH, will remain without bond in the flue gas. As a
result, an intense attack by NaOH has to be expected on all refractories
containing > 0.8% by weight of Si0,.

Under reducing conditions, the only reliable solution is the installation of
magnesia bricks with direct bonding (e.g. ANKER DG1).

Peakuum npu BOCCTaHOBUTENbHbBIX YCNOBUAX B 30HE KOHAEHcaLuu
(800 - 1100 °C):
1. NaOH-Bo3peiicTBue Ha hopcTepnT

dopctepnt (M,S = Mg,Si0,) + NaOH — Na-Mg-cunmkatsi + H,0

2. NaOH-Bo3aeiCTBIE Ha CUMMAHMT, WanmoT, MynnnT, AZS:
AxSx + NaOH — HedenuH + Al,0, (AV=6-36%)

3. NaOH-Bo3zeicTBie Ha rnHO3EM:
ALQ, (e-rnHo3én) + NaOH — B-rnnHozém (AV=28%)

10 GLASS / REGENERATOR

Reactions under reducing conditions in the condensation zone
(800 - 1100 °C):
1. NaOH attack on forsterite

forsterite (M,S = Mg,Si0,) + NaOH — Na-Mg silicates + H,0

2. NaOH attack on silimanite, fireclay, mullite, AZS:
AxSx + NaOH — nepheline + Al,0, (AV=6-36%)

3. NaOH attack on alumina:
AlL0, (a-alumina) + NaOH — B-alumina (AV=28%)

CoBpeMeHHble peLLeHuna no
MaTepuanam ana BEpXHUX
PAOOB Hacaaku

BepxHue pAaabl Hacaaku B 0COBEHHOCTM NOABEPratoTCA KOPPO3ui. B aTom me-
CTe Harpyska JOBOMbHO CHAIbHAA U OMPedenAeTCA KOMOMHALMEN Pa3NIHbIX
(hakTOpOB, TaKuX Kak TeMNepaTypa, NoToK v ropioymit Matepran. CoBpemeHHan
TEHIEHLMA B CTEKONBHOI NPOMbILLEHHOCTY K 3KOHOMUM SHEPrIAW 11 3aTpaT
BNIEYET 3a COOOV OHOBPEMEHHO BONbLLMIA MOTOK (B CNy4ae HanM4MA OCKONKOB
WnK MoaorpeBa napTin) uinnu 0bpasyeT arpeccuBHyio aTMocdepy B 0TpaboTas-
LieM rase (B cyyae Ucronb3oBaHuA anbTePHATMBHbIX FOPIoYNX MaTephanos). B
TaKNX YCNOBUAX 3apeKkoMeHA0BaBLLIMIA ce6A BafnenenTo-MarHeauasnbHbii Kup-
4 (RUBINAL VZ) nemorcTpupyeT cnabble MecTa, a BbIGOp MaTepranos ana
BEPXHWX PAIOB HACAAKM PEreHepaTopa NPeBpaLLaeTCA B CRIOXHYI0 3aaqy. B
37OV MOABEPraloLENCA MHOMMM BO3LEACTBUAM 30HE BMECTO MarHe3uanbHbix
HY>XHbI Ipyrie OrHeynopHble MaTepuansl.

Komnatua RHI Magnesita MoxeT NoCTaBNATbL NOYTY BCE MMEIOLIMECA COpTa Or-
HeynopoB B (hopmMaTe ropLUeYHbIX KamHel 1, Takiiv 06pa3oM, 0TBEYaTb Crneuy-
duyeckm TpeboBaHNAM KNneHTa. [Ina CnoXHbIX YCI0BHIA NePBbIA BbIGOP — 3T0
KOPYHAO0BbIA Kpnud. Ho 3TOT KMpnny noaiBepraeTcA BO3AENCTBINIO MENKOW CTe-
KOMBHOW WHNXTbI. Kpome Toro, KOpyHA0BbI KMPMY HENb3A UCONB30BATb MpH
Temnepatype Hixe 1350 °C, Tak Kak OH MOXET pa3fnaraTbCA 3a cyeT 0bpasoBa-
HIUA -ruHo3ema. [na Takux ycnosmi paboumnm pelwermem ctaset DURITAL
AZ58 Ha 0cHOBE LpkoHOMyNKTa. Ho MakcumManbHyio MPOYHOCTb K KOPPO3uK
nmeeT xpomokopyHaossii Matepian DURITAL RK10. B Tabnuue npeactasneH
0630p pekomergaumi komnanim RHI Magnesita oTHoCHTENBHO 1CMONb30BaHNA
B BEPXHVX PAJAX MPY PasNNYHbIX YCOBMAX.

Mpymep anA MHANBUAYaNbHOMO PELLIEHNA MO COPTaM OrHeynopoB A
BEPXHNX PALOB HacaaKu: BEPXHUA pazd xpomokopyHAoBblii (DURITAL
RK10) ana o4eHb CUNLHOMO NOTOKA M CTEKOMBHON LMXTbl B OTpaboTaBLLIEM
rase (a) v BepxHuit pag LpkoHomynautosei (DURITAL AZ68) ana npe-
IMYLLIECTBEHHO CTEKOMbHOM MblK B 0TpaboTasLem rase (b).

Advanced Material Solutions
for Checkerwork Top Layers

The top layer of the checkerwork is particularly exposed to carrosion. In this
special position, wear is very intense and depends on a combination of different
factors such as temperature, carry-over and fuel. The current trend towards
energy and cost saving in the glass industry at the same time causes more
carry-over (in case of cullet or batch preheating) and/or creates an aggressive
atmosphere in the waste gas (in case of use of alternative fuel). Under these
conditions the proven magnesia zircon brick (RUBINAL VZ) shows weaknesses,
and the material choice for regenerator checker work top layers becomes a great
challenge. Other refractory grades than magnesia are required in this exposed
area.

As RHI Magnesita offers nearly any available refractory grade in chimney block
format, we are able to react to the specific requirements of our customers. High
alumina is the first choice in demanding conditions. However, it is attacked by
fine glass cullet. Additionally, it should not be used at temperatures below 1350
°C, where the formation of 3-alumina may destabilize the material. When these
conditions occur, DURITAL AZ58, based on zircon mullite, is a well-performing
solution. The highest corrosion resistance, however, is achieved by the chrome
corundum material DURITAL RK10. The table below gives an overview of RHI
Magnesita recommendations for bonded refractories for the top checker layers in
various conditions.

Examples of individual solutions with refractories for the top checker layers are, for
example, the top checker layer with chrome corundum (DURITAL RK10) for
extremely strong carry-over and fine cullet in waste gas (a) or the top checker layer
with zircon mullite (DURITAL AZ58) for dominant fine cullet in waste gas (b).

Sand carry-over Sand carry-over Fine glass cullet “Worst case”
with Ca0 (carry-over + cullet)

High waste gas temperature Magnesia Rebonded fused corundum Zircon mullite Chrome
on regenerator top: Zircon Corundum
> 1350 °C RUBINAL VZ DURITAL K99EXTRA DURITAL AZ58 DURITAL RK10
Lower wasle gas temperature Magnesia Zircon mullite Zircon mullite Chrome
on regenerator top: Zircon Corundum
1300-1350 °C RUBINAL VZ DURITAL AZ58 DURITAL AZ58 DURITAL RK10
The temperature range is only a reference and can be shifted because of other factors like the alkali concentration in the waste gas.
TemnepatypHblid AMaNa3oH ABJAETCA TONbKO STANOHHBIM W MOXET GbiTb CABUHYT M3-3a APYTUX (hakTOPOB, TakvX Kak KOHLEHTPALMA Weno4mn B oTpaGoTaHHOM rage.

Chrome Corundum / Xpom kopyHa

Fine glass cullet / MenkogucnepcHblit cTeknobol

High waste gas temperature on regenerator top: > 1350 °C /

Bbicokaa TemnepaTypa 0TpaboTaBLLMX ra30B B BepXHell YacTu pereHepatopa: > 1350 ° C
Lower waste gas temperature on regenerator top: 1300-1350 °C /

Bonee Hu3kaA TemnepaTypa 0TpabOTaHHOTO ra3a B BepxHelt YacTv pereHeparopa: 1300-1350°C
Magnesia / Mar+eans

Rebonded fused corundum / TnaBneHHbIl KOPPYHA Ha Kepam14eckoit CBA3Ke

Sand carry-over / 3anbinexue neckom

Sand carry-over with Ca0 / 3anbineHne neckom 1 kansLinem

Zircon / LypkoH

Zircon mullite / LiukpoH mynnnt

“Worst case” (carry-over + cullet) / «Xyawwit cnyyait» (3anbinexne + cteknoboi)
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RUBINAL ESP

MarHeananbHbiii KUPMUY Ha WNUHENbHOW CBA3Ke ANA
30HbI KOHZEHCALMK HacafKn pereHepartopa

KpuTuyeckan 30Ha B pereHepaTope — 370 30Ha C TEMMEPATYPOil Mexzy
1100 o 700 °C, Tak kak cama Hacaaka Nnof BO3LeNCTBYEM CynbdhaToB
LLlenoYyHoro mMeTanna v razoobpasHoro SO, MOXET noagepraTsbecA
KOppO3uK. YXe MHOr1e rofibl XOpoLO 3apekoMeH/10Ban cebA nenosnbaye-
Mol 3aecs kvpnud RUBINAL EZ. B kayecTBe cbipbA AnA NpoM3BOACTBA
3TOro MaTepuana ucronbayetca umpkoH (ZrSi0,). Mpn aTom KpucTansbl
MarHesuu (T. e. nepuknasa) 3almiLieHbl CBA3YIOLLEN MaTPULEN, KoTopan
cocTonT 13 dhopctepnta (2Mg0.Si0,) 1 arokenaa unpkorna (Zr0,),
00pasytoLLeroca npu 06K1re OrHeynopHOro KMpriya Ha NpON3BOACTBE.

MocKonbKy UMPKOH NCMOMb3YETCA A U3rOTOBEHNA MHOTMX Pa3NnYHbIX
OFHEYNopOB, HaMMuMe PyAbl LMPKOHA HeHaZEeXHO. [10 3aToil npuinHe
OrHeynopHaa NPOAYKLWA, He CoaepXallian LIMPKOH, Bce Bonble
3aBoeBbIBaeT nHTEpec. Mpumep: RUBINAL ESP.

Ceoiictea RUBINAL ESP

RUBINAL ESP - 370 MarHeananbHbii Kpnuy ¢ 04eHb CUNbHOV LUNUHEb-
HOW cBAYyIOLLEN MaTpuUen. LLInnHenbHaa dasa 0bpasyeTca YacThYHO B
npouecce o6xura Ha nponasoacTse. OHa yCTon4MBa K cynbdhatam 1
3alLmLiaeT KpucTannbl nepuknasa. MosToMy roplueyHble kKamHu 13
RUBINAL ESP moxHO 1crnonb3oBaTh B 30He KOHAEHCALMN Npu
okucnnTenbHbix yenosuax. Ho npumenats RUBINAL ESP npu BoccTaHo-
BUTENbHBIX YCNIOBUAX, HANPOTKB, HE PEKOMEHLYETCA.
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RUBINAL ESP

A spinel-bonded magnesia brick
for the checker condensation zone

In the regenerator, the temperature zone between 1100 and 700 °C is the most
critical region for the checkerwork. Condensing alkali sulfates as well as gaseous
S0, corrode the checker material. For many years, Rubinal EZ has provided
excellent results. In these checkers zircon (ZrSi0,) is one of the raw materials.
The coarse magnesia crystals (i.e. periclase) are protected by a bonding matrix
consisting of forsterite (2Mg0-Si0,) and zirconia (Zr0,), which is formed during
the firing process of the bricks.

Since zircon is widely used in different refractory products, the availability of this
raw material cannot be guaranteed. Therefore, zircon-free products such as
RUBINAL ESP have become increasingly important.

Characteristics of RUBINAL ESP

RUBINAL ESP is a magnesia brick with a very strong spinel bonding matrix. Part
of the spinel is formed in situ during the firing process. The spinel bonding matrix
is resistant to sulfate attack and protects the periclase. Therefore RUBINAL ESP
chimney blocks can be used in the condensation zone of the regenerator under
oxidizing conditions. However, the application of RUBINAL ESP under reducing
conditions is not recommended.

LLInuHensHaA cBA3ytoLLaA MaTpuLia /
Spinel-bonding matrix

Mepwknas / Periclase

MMepBblit ONbIT B CTEKOJIbHOI NPOMbILIIEHHOCTH

B 2007 r. matepuan RUBINAL ESP 6bin 1cnonb3oBaH B 30He KOHAEHCa-
LMW pereHepaTopa 13BeCTKOBO-HATPUEBOW CTEKNOBAPEHHOV BaHHOM
neyn B NpoLIecce NPOMeXyTo4YHOro pemoHTa. B 2010 r. neyb oxnaxaanu
ANA TeKyLLEro peMoHTa. /Icnonb3oBaHHbI KMpnny Obln 06CNEA0BaH.

BbiN0 BAAHO HEBOOPYXXEHHbIM INA30M, YTO MarHe3uanbHblil KNPy Ha
wnuHensHon caaske (RUBINAL ESP) nocne 1cnonb3osaHua B TeueHmne
3-x net besynpeyeH (1306paxeHune Hixe).

First experience in the glass industry

In 2007, RUBINAL ESP was installed for the first time in the condensation zone of
a regenerator in a soda-lime glass tank as part of intermediate repair work. In
2010, the furnace was cooled down for general maintenance work. The installed
bricks were carefully examined.

Macroscopically, the spinel-bonded magnesia bricks (RUBINAL ESP) are in superb
condition after a service life of 3 years (see picture below).

Bbin u3yyeH bapnenento-marHeananbHblin kupnind (RUBINAL EZ) ns
30HbI KOHAEHCALMY U MarHe3uanbHbIiA KUPMAY Ha LWNUMHENbHO CBA3KE
(RUBINAL ESP) HenocpeacTseHHo Haz pagom RUBINAL EZ, yTobei
CpaBHWTbL 0Ba copTa.

O6cnenoaHne bagnenento-mMarHeauansHoro kupnuya (RUBINAL EZ)
nof MAKPOCKOMOM He Moka3aso BAOVMbIX Pa3pyLLEHUI MaTprLbl 13 hop-
creputa 1 Zr0O, (a). B To Bpema kak kpucTansibl nepukiasa Ha ropadelt
MOBEPXHOCTY BblNN HE3HAUUTENBHO MOABEPXEHDI KOPPO3UY, CTPYKTYPA
KUpMK4a nog ropAYelt MOBEPXHOCTbIO 0CTaBaNach HETPOHYTOM.

B MUKPOCTPYKTYpPE MarHe3nasnbHoro Kupnu4a Ha LWnuHebHol CBA3Ke
(RUBINAL ESP) noyTin He BUAHO M3MEHEHWIA LUNMHENbHON MaTpuup (D).
[Mono6Ho 6apnenenTo-MarHeananbHOMy KMPMYy Ha KpucTannax
nepuknasa c ropAYei CTOPOHbI BUAHBI GblM HE3HAYNTENbHBIE Cefb
KOppPO3WK, @ HeNoOCPEACTBEHHO NOZ FrOpAYeN NOBEPXHOCTHIO CTPYKTYPa
CBA3E 0CTanach NPexHen.

[opAYaA cTopoHa /
Hot face

(e) RUBINAL EZ £

BuiBog

B 13BECTKOBO-HATPUEBO CTEKNIOBAPEHHON BAHHOM MEYM NMPU OKMCTNTEb-
HOM PO3XIre OCHOBHOE BO3IENCTBIE HA OrHEYMOPbI B 30HE KOHAEHCa-

Lnu pereHepatopa BbizeaHo Na,SO, 1 SO,. Mpn Taknx ycnosuax Kupnmy
Hacamku Ha wnnHenbHoi caaske RUBINAL ESP nokasan Bbicokyto ycTonum-
BocTb k Na,SO, 1 SO,

The magnesia zircon bricks (RUBINAL EZ) from the condensation zone and the
spinel-bonded magnesia bricks (RUBINAL ESP) directly above this RUBINAL EZ
layer were analyzed to compare the two brick grades.

The microscopic examination of the magnesia zircon brick (RUBINAL EZ) showed
no visible attack on the matrix consisting of forsterite and Zr0, (a). Whereas the
periclase crystals on the hot surface are slightly corroded, the brick structure
beneath the hot surface is untouched.

Concerning the spinel-bonded magnesia brick (RUBINAL ESP), the microstructure
shows hardly any attack on the spinel matrix (b). Similar to the magnesia zircon
brick, the periclase crystals on the hot face only show slight corrosion and the
bond structure did not change directly below the hot surface.

[opAYaA cTopoHa /
Hot face

(b) RUBINAL ESP

Conclusion

In a soda-lime glass tank with oxidizing fueling the main attack in the
condensation zone of the regenerator is caused by Na,SQ, and SO.. In these
conditions the spinel-bonded checker bricks RUBINAL ESP show high resistance
to Na,S0, and SO,.
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Pestome Summary

PekoMeHZaLMm no HacaAkam pereHepaTopa B CTEKN0BAPEHHbIX Meyax 1A NPOU3BOACTBA N3BECTKOBO-HATPMEBOrO CTekNa /
Recommendations for the regenerator checkerwork in soda-lime glass furnaces:

In oxidizing conditions In reducing conditions AP~ Kaxyuiarca nopucrocrs / Apparent porosity
BD Kaxywaaca nnotHocTs / Bulk density
CCS  [Mpenen NpoyHOCT Npu CXaTum npu
AN I I % KomHaTHol Temnepatype / Cold crushing strength
RUBINAL VZ RUL Ty 5 TemnepaTypa Hadana aedopmaLii noj Harpy3koi
DURITAL K99EXTRA / Refractoriness under load
Top courses DURITAL AZ58 TS TE  Tennosoe pacwuperive / Thermal expansion
DURITAL RK1D TS Bottom courses / HixHue pagax
ANKER DG1 (gas firing) Condgpsatwon zone / 30Ha KOHAEHcaLm
Hot zone RUBINALVZ (h i) Gas firing / la30Boe TONAMBO
TN Grade / Copt
. RUBINAL EZ Heavy oil firing / Xuakoe Tonnueo
RIS S RUBINAL ESP ANKER 5] Hot zone / BbicokoTemnepaTypHan 30Ha
RUBINAL EZ In oxidizing conditions / Mpn okMcAUTENbHBIX YCNOBUAX
Bottom courses ANKER DG1 In reducing conditions / Mpyu BOCCTAHOBUTENbHbIX YCIOBMAX
RUBINAL ESP
Top courses / BepxHue pagax
Grade ALO, Si0, Fe0, Cr0, Ca0 Mg0 Zr0, BD AP CCS RUL TE
1 1400 °C
/ g/cm? | vol.% |.I'!)'mmz | °c _ "é
ANKER DG1 08 0.5 1.6 97.0 296 15.9 70 > 1700 1.95 g
ANKER DG3 40 0.5 1.6 93.9 3.02 15.0 80 1600 1.95 ?
RUBINAL VZ 85 0.4 0.6 165 14.0 319 1.0 110 1670 1.80 ’:u
RUBINAL EZ 10.5 0.5 12 13.1 14.0 310 14.5 90 1570 1.80 = §
RUBINAL ESP 26.5 11 0.3 1.5 70.0 3.00 15.0 60 1580 1.40 §
DURITAL K99EXTRA 993 0.2 01 323 18.0 75 > 1700 1.20 (1500 °C) §
N
DURITAL AZ58 58.0 13.0 28.0 320 135 125 1670 0.65 (1500 °C) §
DURITAL RK10 85.0 10.5 3.33 15.5 150 > 1700 1.00 (1500 °C) 3
i
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OnbiT Experience
Bo Bcem Mupe ana 6onee 90 % BaHHbIX Neyelt Bapky TapHOro CTekna More than 90% of the container glass furnaces worldwide are heated
CMOoNb3yloT pereHepaTBHbI oborpes. bonee 50 % pereHepaTopoB regeneratively. More than 50% of the regenerators are equipped with a chimney
OCHalLLieHbI HacazKom 13 roplieyHoro kamHa. MocneaHne 30 NeT Hacagku block checkerwork. Qver the last 30 years, RHI Magnesita chimney blocks have
13 roplueyHoro kamHa npoussoacTea RHI Magnesita ycnelwHo been successfully installed in all standard glass furnaces:
MCMOMb3YIOTCA BO BCEX TPAANMLMOHHBIX TUMaX BaHHbIX CTEKNOBAPEHHbIX M End-fired furnaces (oil and gas fired)
neyen: I Cross-fired furnaces, e.g. float glass furnace (oil and gas fired)
I BaHHble neuu ¢ NoaxkoBoobpasHbiM NnaveHeM (paboTaioLLye Ha rasy

WA KULKOM TOMMBE) About 70% of all chimney block checkerworks were supplied by RHI Magnesita .

I BaHHble Mey ¢ nomnepeyHbIMI ropenikamit, HanpuMep: BaHHbIE Neyn
AnA Bapku (noat-cTekna (paboTaloLume Ha rasy U XuaKoMm Tonnmse)

70 % BCex Hacafiok N3 ropLUEYHOr0 KaMHA BbINOMHEHbI U3 MaTepnanoB
RHI Magnesita.
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