-1- METHOD AND DEVICE FOR PROTECTING HEAT EXCHANGER PIPES AND A CERAMIC
COMPONENT [1] The invention relates to a method for protecting heat exchanger pipes in boiler
systems having at least one heat exchanger pipe, which is surrounded by a ceramic component, into
which flue gas is directed from at least two opposifels'ides. The invention further relates to a device having
a heat exchanger pipe, of which the circumferential surface is surrounded by at least one ceramic
component, and/& TERMEND MEMEEt FOR OROTEDEINGEIBAT &XieaABGRRTIBSPAES M boiler
systems is to evaporate water, and anothet fusisiing sddsupgEeat vaporised water. The temperatures in
the heat exchanger pipes of larger boiler systems with a downstream turbine are required to be as high as
possible, since the efficiency of the downstream turbine increases as the temperature rises. [3]
OnedrawbackaSSHcl MFAFRELTERIRR IRATRRIRGS 19 B solid fuels, such 29W58e and biomass
incinerators, is xghBgaeaReRchaPRjET SiRishedeviatofredet oin the course of marfievestigations, it
has been establigbieshtatipis, cattesiersisrmchiranbyyadepasits of ash and salts lafpelisging to the pipes.
Gas-phase compaupdgindihe §iieigdmesich RoniciRd Mm% affect the composifigggthese deposits

but do not resulgigierse_ctllx in. corr?sivqua}%acks 2n th sen Its.

e invention er relates 1o evice ha ving a
heat exchanger pipe, of which the circumferential s urface
is surrounded by at least one ceramic component, an d a
ceramic component.

[02] One of the functions of heat exchanger pipes i n boiler
systems is to evaporate water, and another function is to
superheat vaporised water. The temperatures in the heat
exchanger pipes of larger boiler systems with a dow nstream
turbine are required to be as high as possible, sin ce the
efficiency of the downstream turbine increases as t he

temperature rises.

[03] One drawback associated in particular  with

incinerators for burning solid fuels, such as waste and
biomass incinerators, is that the heat exchanger pi pes
become corroded. In the course of many investigatio ns, it
has been established that this corrosion is induced by
deposits of ash and salts left clinging to the pipe s. Gas-
phase compounds in the flue gas, such as HCI and SO 2,
affect the composition of these deposits but do not result

directly in corrosive attacks on these parts.

[04] Corrosion rates of up to one millimetre per 1, 000
hours may be observed in waste and biomass incinera tor
plants.

[05] In order to help protect against corrosion, ce ramic
insulation elements and metal coatings are used, ap plied

either as build-up welds or by thermal spraying.



[4] Corrosion rates of up to one millimetre per 1,000 hours may be observed in waste and biomass
incinerator plants. [5] In order to help protect against corrosion, ceramic insulation elements and metal
coatings are used, applied either as build-up welds or by thermal spraying. [6] German patent no. DE 38
23 439 02 describes a pre-sintered protective compdnent made from interlocking half-shell elements.
These shell elements, which are preferably made from silicon carbide, have not proven particularly
successful in pladiiceebeaausatene nuat®iald®@irdd@hdilialbscridesiveely thick and hegwvg-in order to

withstand the loagkéeeyiehtdets &) daeshditenigéertive istsnpexant was backfilled wii mortar. Since the
interlocking arr cL.n apsion,.the high operati eratures caused
SRl Sl T RO e

the shells to crac urst open. therceramic protectivesleeve madefrom overlapping
silicon carbide HAHENIRMs HEQHFARITD ESYD AR RB/624RIHUGE] Ceramic insulatiBPelements on the
walls, such as &tceessitibét RiaDECe 9Berg B theandterah reguinls Al have provefdodd effective on the
walls of the furnadse f2rativelptimeihand hidw/yse ofdeeranmiatisotective shells for heaiderehanger pipes

over which flue|gag floy@tam all sidesds nehorgdicakle. aarissHlarly in the superhgatjpg area. Besides

"tsrLep Z:ﬁg(; Jazdaci); %}gbﬁ;}?ﬁ;&\éﬁggﬁﬁ%&gﬂogi nt(t,]ee t%%"".tn ?é?gcivr%e% pipes are exposed to rr?geé:rngmcal loads in the
did not allow of any thermal expansion, the high op erating
temperatures caused the shells to crack and even bu rst
open.

[07] Another ceramic protective sleeve made from

overlapping silicon carbide half-shells is describe d in DE
20 2008 006 044 Ul.

[08] Ceramic insulation elements on the walls, such as are
described in DE 198 16 059 Al and EP 0 981 015 Al h ave
proven to be effective on the walls of the furnace. On the
other hand, the use of ceramic protective shells fo r heat
exchanger pipes over which flue gas flows from all sides is
not practicable, particularly in the superheating a rea.
Besides the static load of the steel construction, the heat
exchanger pipes are exposed to mechanical loads in the
superheating area during cleaning.

[09] Beating mechanisms that operate mechanically o n the
pipes in the superheating areato remove the deposit s are
used widely. Methods using water and steam blowers are also
used in attempts to remove the deposits. This cause s
additional chemical stresses. These stresses severe ly limit
the areas in which ceramic insulation elements can be used
to protect against corrosion in the superheating ar ea.

[10] In the radiation ducts, build-up weldshave pro ven to
be an effective corrosion protection measure. The m aterial



[9] Beating mechanisms that operate mechanically on the pipes in the superheating areato remove the
deposits are used widely. Methods using water and steam blowers are also used in attempts to remove
the deposits. This causes additional chemical stresses. These stresses severely limit the areas in which
ceramic insulation elements can be used to protect&gainst corrosion in the superheating area. [10] In the
radiation ducts, build-up weldshave proven to be an effective corrosion protection measure. The material
2.4858 (InconeRcEHohdscestalbhizhedats eltak|tredvatdiigentdierial of choice. [11]widdieger, material
temperatures ahperP8iehsiteh as are encountered in the superheating area and the vaporisation area
under elevated operating pressures, significantly limit the corrosion protection offered by this material.
The use of other weld filler materials, such as 2.4606 (Inconel 686), does not provide any significant
improvements &tk BT e Gt EALIE PSSR LB RCYEr A0 g thethods are beingUSe@Smore and more
often as a corr@i®n GgedtiRiadethdd. BRpeRHRATESRNINY a \BIg8 vaiedy ohaterial compositions as the
corrosion protegupbriaxeson s@dousriiter gavisdavepevailigd thaksueh protective layegs can fail
unpredictably afigh#ShaK ting: RretestiyssaYe srofestich kindapplied by thermal spraying are thus also

unable to provicge lon -terrp,l%peratlo algp{ reliam%.ﬁrotecpon against corrosion. [ELB The method of
: his material. The use ot other weld filler materia S, SUC .
corrosion protection also affects the effectivenéss of the steam generator. Most wdste ‘and biogas

combustion plafts 280 (et EGNitH WRE LA SRMEIRBRYSHMO0 C at 40 bar, ifie#BEr to limit the
effects of corrogiprofeneste ane patizanétierseteiimseased, the rates of corrosion in the boiler pipes also
rise substantially, thereby reducing the operational availability of the plant. The known measures for

protecting from GofrpRiqmdid B MGG RAISIAE B RERYEMSHRLY In this regard.yy more

often as a corrosion protection method. Experiments with a
wide variety of material compositions as the corros ion
protection layer on various boiler parts have revea led that
such protective layers can fail unpredictably after a short
time. Protective layers of such kind applied by the rmal

spraying are thus also unable to provide long-term,
operationally reliable protection against corrosion

[13] The method of corrosion protection also affect s the
effectiveness of the steam generator. Most waste an d biogas
combustion plants are only operated with steam temp eratures
of 400 °C at 40 bar, in order to limit the effects of
corrosion. If the steam parameters are increased, t he rates
of corrosion in the boiler pipes also rise substant ially,
thereby reducing the operational availability of th e plant.
The known measures for protecting from corrosion di d not

provide satisfactory improvements in this regard.

[14] The problem addressed by the invention is ther efore to
significantly reduce the corrosion of heat exchange r pipes
in steam boiler systems even at temperatures well a bove
400 °C.

[15] This problem is solved with a method for prote cting

heat exchanger pipes in boiler systems having at le ast one



[14] The problem addressed by the invention is therefore to significantly reduce the corrosion of heat
exchanger pipes in steam boiler systems even at temperatures well above 400 C. [15] This problem is
solved with a method for protecting heat exchanger pipes in boiler systems having at least one heat
exchanger pipe, which is surrounded by a ceramic éomponent, into which flue gas is directed from at
least two opposite sides, wherein gas is fed into the space adjacent to the ceramic component. In this
context, for the ipeaposehangee ipyEntioritte termuyesiidaddésst@odeoaoe a gas-phase fiuid, a liquid fluid

and any fluid incymyRagrRIaie SIHRE IRMVERR tRedineias ek as various forms of stpagy. [16] The
invention is bas[%og gsg{séa(ligaggn mr%}fgrg?gake% angs’ ﬁ,jgegﬁtgat pass without sypport through
re prefera '

the combustion chamber, and are pr spended from the celling thereof, can be protected
effectively with REIRFRY E%mﬁ(gﬁ@&qf%@ﬁg@@uﬂb%a HRUEEEN the heat excharl§&fSipe and the
ceramic elemeriturPPPERIGAthedh@njongligetetintasei sysgerried freely in the smektofhee are only
accessible at one gadpaa@dtuig, fed ligtacam dtcahetaeerthe reat exchanger pipe andiige ceramic
element, there isa sk {batihis gagwilhimeediately fsfars digthe combustion cRagpar through the first
gaps between tQF ?eeéamic elements, and not provide effective protection for all of the heat exchanger
pipes. Consequens[ ) e supply of gas was only used for heat exchanger pipes on membrane walls of
boiler systems, because there it is easy to deliver the gas to any area of the heat exchanger pipes, and
particularly to théchréhs thaeatierexpdssedoaxtimme disatival shaisses. [18] The areasweitheat exchanger

pipes arranged HasidexarReilrsr thipearth axpasedvid extraippdheanial stresses are atjgrgeat distance from

the membrane 8 %ﬁ.r g}%%florgﬁgfg%gl a rvgg Qﬁ ldpﬁ)lied gas. Moregyey; the introduction

of too much gas@%o%‘?e coﬁlbusti%h cham e})g%ﬁe%e (szu_&ts %%s a negative effect on the efficiency of
ceiling thereof, can be protected eftectively wit ceramic

components if a gas is supplied between the heat ex changer

pipe and the ceramic element.

the system.

[17] Heat exchanger pipes that are suspended freely in the
smoke flue are only accessible at one end. If a gas is fed
into an area between the heat exchanger pipe and th e
ceramic element, there is a risk that this gas will

immediately escape intothe combustion chamber throu gh the
first gaps between the ceramic elements, and not pr ovide
effective protection for all of the heat exchanger pipes.
Consequently, the supply of gas was only used for h eat
exchanger pipes on membrane walls of boiler systems :
because there it is easy to deliver the gas to any area of
the heat exchanger pipes, and particularly to the a reas

that are exposed to extreme thermal stresses.

[18] The areas of heat exchanger pipes arranged ins ide a
boiler that are exposed to extreme thermal stresses are at

a great distance from the membrane walls and are th erefore
difficult to reach with the supplied gas. Moreover, the
introduction of too much gas into the combustion ch amber of
the flue ducts has a negative effect on the efficie ncy of

the system.



[19] However, it has been discovered that, with appropriate pressure and design of the ceramic elements,
a gas can be delivered to the areas of the heat exchanger pipe that are exposed to the heaviest thermal
loading, and then protects the heat exchanger pipe inside a gap between the heat exchanger pipe and
the ceramic element in that a slight overpressure isXreated by the gas and prevents the flue gases from
escaping through the ceramic component to the heat exchanger pipes. [20] The chamber may comprise
various parts. I{peéfevalslyecoi sisssberly dit togdiedttexicvatigappipe and the ceramjmietenponent. [21] It is
particularly advppdagigausnfi thesass 63 grliveraschrt deniaiteshnpiat between the hegfexehanger pipe and

the ceramic elea%‘ﬁ%rg&‘?orﬁ?égér%fa@iﬁiﬁPéhﬂ gq%gﬁ%@sgsp ettee greatest pressu,tl%taég@e point where

the heat exchanger pipe Is under particular thermal .. Depending on the construction of the boiler
system, it may SIYBE LI LR dauirs taheEmal 2ad!8as a8 iR ot where the flue'§5Eressure is
highest, that is tbesdieathexchise aumieeritsidee anake heteaneldmem is highest. [22RThe ceramic
component maykshangéigyied sueh thatdbastippliethgas iis taated tirough the ceramigntomponent.

However, sinceffig cekaiie ¢omRaneyy abighsconstpelrs domea plurality of cerappjg elements, there

is a risk that the dellvetred gas ml%ht escape p ematureli)é between tr}e ceramic elemen%ﬁ with the result
ses Jrom_escanimg Mroug Ee ramre component 't 0 _the :
that all areas ofIhe Reat SxcRa 1ger pipe might not be exposed 10 the gas. Even a layer of mortar that is

preferably applieePbEXBRAIRPHEEmIc elements and connects said ceramic elements is often unable to

prevent the gas from escaping. [23] Therefore, it is suggested to introduce the gas through a pipe

through a pipe included in the ceramic component. T

included in the geypMie eABIBEERTay BisniiASe various parts. It pre ferably
consists only of the heat exchanger pipe and the ce ramic
component.
[21] It is particularly advantageous if the gas is
delivered at the hottest point between the heat exc hanger
pipe and the ceramic element. The result of this is that
the gas is under the greatest pressure at the point where
the heat exchanger pipe is under particular thermal stress.
Depending on the construction of the boiler system, it may
also be advantageous to deliver the gas to the poin t where
the flue gas pressure is highest, that is to say wh ere the
counterpressure on the ceramic element is highest.
[22] The ceramic component may be configured such t hat the
supplied gas is routed through the ceramic componen t.
However, since the ceramic component is usually con structed
from a plurality of ceramic elements, there is a ri sk that
the delivered gas might escape prematurely between the
ceramic elements, with the result that all areas of the
heat exchanger pipe might not be exposed to the gas .Evena
layer of mortar that is preferably applied between the
ceramic elements and connects said ceramic elements is
often unable to prevent the gas from escaping.
[23] Therefore, it is suggested to introduce the ga s

his pipe



may be made from ceramic, and for example may also be constructed from multiple pipe elements.
However, this pipe is preferably a metal pipe. Since this pipe is enclosed by the ceramic component and
the inside thereof is cooled by the gas that is passed through it, the gas may be delivered in a metal pipe
to the site of a heat exchanger pipe that is under th& greatest thermal load.From there, the gas may be
distributed, and the gas continues to function as protection for the heat exchanger pipes even if the
ceramic compomayt toemeaigadighteasing. Bhis pgpeasgmplerably aalanged between the heat

exchanger pipegehsteupteferaivniliapnseibiv dhenavitslieibrtveen an inflow and ap;gwifiaw heat exchanger
pipe. [24] The isfed | ea; heat exchanger pipe and mic element at
the point of the%?ghge?g{tdc%}ﬁ}%erlﬁé?gﬁs lPEraeer' %ﬁg‘%l\lgﬁ%kﬁg I?h(ﬁ?iat exchanger pipe igl.%gsbrs%etween the
heat exchanger Bipe5HE thEREPRRFE LA eﬁﬁ'ﬁ?o‘ﬁfé% I5-&98nt the flue gas 6 Yetting into the
heat exchangerthfp@aalthey isheasatbtieagsh 8f the teaim@ychadger pipes. [25] P#tikaiRRly in the case of
very long heat éxchatger pipeso ithuaybeadratagechmmtepipduce the gas at mtipls points.
Therefore, it is @ggg@}qﬁérﬁgm&g%ﬁ:‘%aﬁqgggqqgh{%g,@,aﬂpg.lrality of apertures{na,gas pipe arranged
at defined distagcesd%lcr) t}ade I%nathﬂ%; theaQe%Bﬁ%(ﬁhgggFor ptipne. Trr1]e gas serving as the Sarrier air may
then be delivered thr'o_ué a p’Iuraql y of inféed meaﬁsuarran ed AP Hie way up the radiation superheater.
This delivery mB{PERCERIEHhRSEY B*&heRBrEPIBERGRERen a central air sup®Rannel and the
superheating pipasposield thensesayaie igmpasiet, Wisighipmsydoe constructed asefesiablyed brick package.
If there is a faulsimpgEaNisREBEIPPRENS: BNsHAsy’ISIRHEN AsSEHred supply with bafdeiyr even above the
damage site. [&%J%tﬁkth@q‘ﬁ[%%g BnggﬁnglqryW%ﬁqﬂ\é%d gﬂ{h a device haviqalg\ﬁ heat exchanger
pipe, of which the circumferential surface Is surrounded by at least one ceramic component, and which
comprises a gal&R 5 LIRS adjacent to the heat exchanger pipe and the ceramic component. The
device relates to heat exchanger pipes that are not only protected on one side by a ceramic component,
but wherein the[zalMindegastitl suidafeel theedidsatso batwmendetkby at least one cergmiat component. In
this way, the erg;g@ngjﬁ%m enfial srkfacppfithadsatexchrngshpipe is surroundeg grd protected by the
ceramic CompOHFﬂ% W Ci(I)c?J fhe &agsimgerg] gnﬁgwsa}grqt rzR flue %agxig able to escapehinrt]o etpe heat
exchanger pipe t_ﬁrou_gh gaps in e ceramic componé% : ‘T;ﬁ >ince the circumferenfiarsurface of the
heat exchangePffife & IRRSUMFSHERN tHES ePERTicREHIYMIRNPIRSs 80gdted that the ga§infeed takes
place first in thecelieeitonoofphedndairexchant@mpgyestrthbefloeraaic component, beféienhe gas flows
back in the lengjbwiise ditecting afdhe breftmydanyss pipasyamsbwids up a gas pressuig at gaps in the
ceramic compolré%{htgp{ﬁéq{gaq@y%@{qg,ttbﬁ)gg_e gas from getting in. [28] The gas infeed should
therefore comprise a fan. Said fan enables the gas pressure to be adjusted such that not too much gas
flows through the ceramic component and into the combustion chamber, and on the other hand that

sufficient countepld¥ailiralidryuint the swasered kanytloed theah@xCexchanger pipes tolhBgeht flue gases

from infiltrating piygebeat erahabgengia@sageous to introduce the gas at
multiple points. Therefore, it is suggested that th e gas be
supplied through a plurality of apertures in a gas pipe
arranged at defined distances along the length of t he heat
exchanger pipe. The gas serving as the barrier air may then
be delivered through a plurality of infeed means ar ranged
all the way up the radiation superheater. This deli very may
be effected through apertures or holes between a ce ntral
air supply channel and the superheating pipes insid e the
ceramic component, which may be constructed as a sh aped
brick package. If there is a fault in ceramic compo nents,
this results in an assured supply with barrier air even

above the damage site.



[29] In order to realise this purpose simply, it is suggested that the gas supply comprises a gas pipe that
passes inside the ceramic component. The routing inside the ceramic component holds the gas pipe and
enables the gas pipe to be supported by the ceramic of the ceramic component. [30] In many
applications, heat exchanger pipes suspended in the combustion chamber are bent into a U-shape to
direct water or steam into the combustion chamber and remove it therefrom. With such a configuration, it
is suggested thfzGhelgamsifendedymmitesnnehtoareaadddenlt. This makes it possibleitharticularly to cool

the bend area, wh@yj&oqaﬁgpﬂgrhéhﬁ@éﬂy S_A8AgYithHfpRShBE sumiedtggs,. and/or preferably to build a
counterpressurgi%ﬁ%ﬁﬁ%ﬁgd &}ﬁa(\’[ghl@ %'i%’&%ﬁ éﬁjetgcs(%s ]‘E%rg} pgnetratlng as far asntge heat

exchanger pipe. r to ensure a sufficient sup barrier air even in the event of a fault in the

ceramic compofgiT it HGEsEd sk Yﬂ?écé‘agm'ﬁ%?nﬁr%%% SUBRMality of aperturs Positioned at a
distance from esRircetheiegRiigiendehgat exchanasitRiRenfhEgipe. These aperti@@nige preferably
provided all thecymypoipetite Tadiakotsupritbeatehextadaopaingelepgth of the heat exshiaaper pipe. [32] The

supplied gas is fypigally Al Jiawauaroa grs hat Bireteserebystion or affects thgambustion, such as
oxygen, may b%use . Thus {h)r exam (lf flue. gas OHJ%rt'%%r(I?ry: recirculated flue gas aftle’r an exhaust gas
gas

scrubbing apparg ug’ rr?aﬁ?/'rélso Siitrotuiced as the U: ar both the method and dévice according

to the inventionSHERIRHRR RO AJEASHO LS HRARTAG ﬁPé’F@léilﬂVtrHBrﬁ‘than 85% silicol$ ¥¥#¥ide and consisting
of at least two dbboghteer arinis eitensentis awiagea @rdbs dextioaxsharcuate corrugatioasgkat are secured to

each other by maiing caiiidantien HAHIStERh ) e hesdmrcbanger pipe sectionspheay, be arranged in
two opposing cqjigafian ireyahs aneha 988 IfgRIRR.ESGHSNSMaY be arranged in tyo

escape into the heat exchanger pipe through gaps in the

ceramic component.

[27] Since the circumferential surface of the heat

exchanger pipe is surrounded by the ceramic compone nt, it

is suggested that the gas infeed takes place first in the
direction of the heat exchanger pipes in the cerami c
component, before the gas flows back in the lengthw ise
direction of the heat exchanger pipes and builds up a gas
pressure at gaps in the ceramic component, therefor e

preventing the flue gas from getting in.

[28] The gas infeed should therefore comprise a fan . Said
fan enables the gas pressure to be adjusted such th at not
too much gas flows through the ceramic component an d into
the combustion chamber, and on the other hand that

sufficient counterpressure is built up over the len gth of

the heat exchanger pipes to prevent flue gases from
infiltrating the heat exchanger pipes.

[29] In order to realise this purpose simply, it is

suggested that the gas supply comprises a gas pipe that
passes inside the ceramic component. The routing in side the
ceramic component holds the gas pipe and enables th e gas



opposing corrugation troughs between said pair of corrugation troughs. [34] With such a ceramic
component, heat exchanger pipe sections may be protected, a gas may be introduced and a gas
pressure may be created between ceramic elements to prevent flue gases from flowing into the heat
exchanger pipe sections in particularly simple manrr. In this context, the ceramic component is
preferably constructed in such manner that contact between the heat exchanger pipe and the ceramic
element is avoigerd [B5] AchesmetloaddntyantizelvartageousiertimdoeEmias well as ceramic element are
represented in ayeing and will be described in the following. In the drawing: Figure 1 shows the first
duct of a boiler system having superheater coils hanging from the ceiling, Figure 2shows a cross section
through the duct ofaigure 1 alon

line A-A, Figure 3is an enlarged diagrammatic illustration of heat

exchanger pipelSHid dBAiERALTALARS: ﬁﬁﬁ%«?ﬁ%\%%@?& sWction through a d&FAAGE element for a
bent pipe, and in the combustion chamber are bent into a U-shape t o direct

water or steam into the combustion chamber and remo ve it

therefrom. With such a configuration, it is suggest ed that

the gas infeed terminates in the area of bend. This makes

it possible particularly to cool the bend area, whi ch is

particularly heavily loaded, with freshly supplied gas,

and/or preferably to build a counterpressure at thi s loaded

site, which prevents flue gases from penetrating as far as

the heat exchanger pipe.

[31] In order to ensure a sufficient supply of barr ier air

even in the event of a fault in the ceramic compone nt, it

is suggested that the gas pipe comprises a pluralit y of

apertures positioned at a distance from each other along

the length of the heat exchanger pipe. These apertu res are

preferably provided all the way up the radiation

superheater or along the length of the heat exchang er pipe.

[32] The supplied gas is typically air. However, a gas that

promotes combustion or affects the combustion, such as

oxygen, may be used. Thus for example flue gas or

particularly recirculated flue gas after an exhaust gas
scrubbing apparatus may also be introduced as the g as.

[33] For both the method and device according to th e
invention, a ceramic component containing preferabl y more
than 85% silicon carbide and consisting of at least two
cuboid ceramic elements having a cross section of a rcuate

corrugations that are secured to each other by mati ng
corrugation troughs, so that two heat exchanger pip e
sections may be arranged in two opposing corrugatio

troughs and a gas feed pipe section may be arranged in two



Figure 5shows a cross section through a ceramic element for straight pipes. [36] Boiler system 1 shown
in figure 1 consists of a grating 2, a combustion chamber 3 and a superheater coil 5 suspended from
ceiling 4. Superheater oil 5 is surrounded by a ceramic component 6, which consists of a plurality of
ceramic elements 7, which are connected to each"dihier by mortar. Ceramic component 6 is connected to
afan9viaa - 10 - line 8, and heat exchanger pipes 10 of superheater coil 5 are connected to a boiler
system 11. [37bpyikitigis canfigyatoion, itosgossilbetteteed aaidetywaien leat exchanger pipes 10 and
ceramic compopgiti§atighabramils 12 from fan 9 and gas pipes 13. Since ceramic component 6 consists
of a plurality of ceramic elements 7, which lie flush with each other but are unconnected, and the mortar
between them often does not form a reliable seal, in the event of a leak it is possible to air to flow through

ceramic compohiéht &IhFHID MEYETHuSLTPIEPEL) e RTAGSle gas from escdPRfy flue gas 14 to
reach heat exclsg@atienpipes 18 NB8prifira DahonayceRindfP@IGRE gas duct 14 withBofler system 11.
Ceiling 4 is prefgsablysssnstrucied besuciamanneidat hyeepaicingaeaiing 4 not only Read exchanger
pipes 10 but alspgasPiRgs J3dBaVRmPasRRL N TRONRedrr ah gas flue duct 1dein this context, it

is advantageous.if a ceramic el.ementtz:l(ﬂgﬁeramlc com onent 6 p]roH'qujdes through ceiling 4, to ensure

that heat exchapn'Bgr plpel%O% ingidBHUE ga%’ dael'k are%%nn%le{ely covered even in the évent of

lengthwise vari&80HIntheeCaraRis R IRM R ERTBIFOY £O2fHH ceramic elemeteled in

such manner that contact between the heat exchanger pipe
and the ceramic element is avoided.

[35] The method and an advantageous embodiment as w ell as
ceramic element are represented in the drawing and will be
described in the following. In the drawing:

Figure 1 shows the first duct of a boiler system ha ving
superheater coils hanging from the ceiling,

Figure 2shows a cross section through the duct of f igure 1
along line A-A,

Figure 3is an enlarged diagrammatic illustration of heat
exchanger pipes with ceramic elements,

Figure 4shows a cross section through a ceramic ele ment for
a bent pipe, and

Figure 5shows a cross section through a ceramic ele ment for
straight pipes.

[36] Boiler system 1 shown in figure 1 consists of a
grating 2, a combustion chamber 3 and a superheater coil 5
suspended from ceiling 4. Superheater oil 5 is surr ounded
by a ceramic component 6, which consists of a plura lity of
ceramic elements 7, which are connected to each oth er by

mortar. Ceramic component 6 is connected to a fan 9 via a



[39] The lower end of a part of superheater coil 5 illustrated in figure 3 shows two arched plates 20, 21
and one cuboid plate 22. Each plate consists of two ceramic elements 23, 24, 25, 26 and 27, 28. Arched
plates 20, 21 consist of two elements 23, 24 and 25, 26, which are attached to each other via a threaded
connection 29, 30 and 31, 32, so that each ceramié®fement forms two opposite sides of ceramic
component 6, to which flue gas may be directed. [40] Cuboid plate 22, formed from two cuboid ceramic
elements 27, 28nis 8epredsdetEdexchangee pipesitidh pfshiqenhgaierrugations 34 on tleiinside of ceramic
elements 27, 28, u/bifthseed8 wWithraeh sif@nia form a circular space 48, 49for the inflow and outflow of
U-shaped heat exchanger pipe 10, and a space 50 therebetween for gas pipe 13. The U-shaped arch of
heat exchanger pipe 10 and the routing of gas pipe 13 are indicated with a dashed line. This shows that
gas pipe 13 of égﬁf}é\gﬁ‘ltf'énwmaﬁ?%gdﬁ 3IRehL R of arch 35. [41] Fig#té shows a cross
section throughbgiiesd beat QChdtgen Ringed CondSliamicXPERBD. The insidd¥ 6MBements 23 and 24
each have two changagoretroughgast, B amncy3s, pds ascosimedateaneat exchanger gipe 10, and two

corrugation troyghsAfeAl dNSSeRseen ARIBMAaggaRRIPe 13. [42] In a eppesponding

construction, fi%e Fhonvs cubﬂgd late %ﬁ cogstructed from two&eramic elements 27 C?S, which are
ich, lie flush wi F%ﬁ( other but are éjnﬁonnece . .%ri .
attached to one another IH£OSI Ive locking manner, and the insidés of which are furrdished with

corrugation trodffs MU PESVaaNGAR Stk 008/ dNbriqgRtSn Bhighs 46, 47for a §%s pipe. [43] Gas
pipe 13 may indedk indles &6 2f 58lepketis poseithie teragth thereof in order to ensufthat, if a ceramic

component devgleng R festintie beapexehaeRipperere: agayeding faulty area will centinue to be
supplied with g‘rﬂfr;ereby preventing flue gas from escaping flue gas 14 to
reach heat exchanger pipes 10.

[38] Figure 2 shows ceiling 4 of flue gas duct 14 w ith
boiler system 11. Ceiling 4 is preferably construct ed in
such manner that by opening ceiling 4 not only heat

exchanger pipes 10 but also gas pipes 13 may be pas sedina
straight line through gas flue duct 14. In this con text, it

is advantageous if a ceramic element 7 of ceramic c omponent
6 protrudes through ceiling 4, to ensure that heat

exchanger pipes 10 inside flue gas duct 14 are comp letely
covered even in the event of lengthwise variations in the
area of heat exchanger pipes 10 and ceramic element s7.

[39] The lower end of a part of superheater coil 5

illustrated in figure 3 shows two arched plates 20, 21 and
one cuboid plate 22. Each plate consists of two cer amic
elements 23, 24, 25, 26 and 27, 28. Arched plates 2 0, 21
consist of two elements 23, 24 and 25, 26, which ar e
attached to each other via a threaded connection 29 , 30 and
31, 32, so that each ceramic element forms two oppo site
sides of ceramic component 6, to which flue gas may be
directed.

[40] Cuboid plate 22, formed from two cuboid cerami c

elements 27, 28, is represented in an open position ,



- 12 - CLAIMS 1. A method for protecting heat exchanger pipes (10)in boiler systems (1) having at least
one heat exchanger pipe (10), which is surrounded by a ceramic component (6), into which flue gas is
directed from at least two opposite sides characterised in that gas is fed into a space (48, 49, 50) adjacent
to heat exchanger pipe (10) and ceramic componeht (6). 2. The method according to claim 1,
characterised in that space (48, 49, 50) is formed by the heat exchanger pipe (10) and the ceramic

gas.

component (6).showing corrugations 34 on the inside of ceramic el ements
27, 28, which mate with each other to form a circul ar space
48, 49for the inflow and outflow of U-shaped heat e xchanger
pipe 10, and a space 50 therebetween for gas pipe 1 3. The
U-shaped arch of heat exchanger pipe 10 and the rou ting of
gas pipe 13 are indicated with a dashed line. This shows
that gas pipe 13 of gas feed 12 ends with an openin g 36in
the area of arch 35.
[41] Figure 4 shows a cross section through arched plate 20
with threaded connections 29 and 30. The insides of
elements 23 and 24 each have two corrugation trough s 36, 37
and 38, 39 to accommodate heat exchanger pipe 10, a nd two
corrugation troughs 40, 41 therebetween to accommod ate gas
pipe 13.
[42] In a corresponding construction, figure 5 show s cuboid
plate 22 constructed from two ceramic elements 27, 28,
which are attached to one another in positive locki ng
manner, and the insides of which are furnished with
corrugation troughs 42to 45 for a flue gas pipe 10, and
corrugation troughs 46, 47for a gas pipe.
[43] Gas pipe 13 may include holes 51, 52, 53 sprea d over
the length thereof in order to ensure that, if a ce ramic
component develops a fault, the heat exchanger pipe areas
above the faulty area will continue to be supplied with



3. The method according to claim 1 or 2, characterised in that the gas is fed in at the hottest
point between the heat exchanger pipe (10) and the,ceramic component (6). 4. The method
according to any of the preceding claims, characterised in that the gas is fed through a gas
pipe (13) that is routed through the ceramic component (6). 5. The method according to any of
the preceding claims, characterised in that the %%§£ gd in at multiple points. 6. The method
according to claim 5, characterised in that the gas—tﬁ—li}d in through a plurality of apertures (51,
52, 53) arranged at a distance from each other in a gas pipe (13) along the length of the heat
exchanger pipe (10). e frdRvicedavipgacbeatexghanger ppecatwlich thei gisgimferential
surface is surrounged by atJeast one CeI3Mie.SAMIAN (D ghagieried v a.ganinieed -
pipe (10), which 1s surrounded by a ceramic component
(6), into which flue gas is directed from at least two
opposite sides characterised in that gas is fed into a
space (48, 49, 50) adjacent to heat exchanger pipe

(10) and ceramic component (&).

2. The method according to claim 1, charac;erised in that
space (48, 49, 50) is formed by the heat exchanger

pipe (10) and the ceramic component (6).

3. The method according to claim 1 or 2, characterised in
that the gas is fed in at the hottest point between
the heat exchanger pipe (10) and the ceramic component
(6).

4. The method according to any of the preceding claims,
characterised in that the gas is fed through a gas
pipe (13) that is routed through the ceramic component

(6).

5. The method according to any of the preceding claims,
characteriged in that the gas is fed in at multiple
points.

6. The method according to c¢laim 5, characterised in that
the gas 1g fed in through a plurality of apertures
(51, 52, 53) arranged at a distance from each other in
a gas pipe (13) along the length of the heat exchanger
pipe (10).

7. A device having a heat exchanger pipe, of which the
circumferential surface is surrounded by at least one

ceramic component (6), characterised by a gas infeed



(12) to a space (48, 49, 50) adjacent to the heat exchanger pipe (10) and the ceramic
component (6). 8. The device according to claim 71§hqracterised in that the gas infeed (12)
comprises a fan (9). 9. The device according to claim 7 or 8, characterised in that the gas
infeed (12) comprises a gas pipe (13) that passes through the ceramic component (6). 10.

The device according to any of claims 7 to 9, charagteri int the heat exchanger. pi
(10) is bent in an STS ap%ce}llndaL th.g %%S(T‘nfe@dé:(lZ)Qgﬁds%ﬁﬂhe%?riajg %‘thte b%%d . 11%%%e
device according <RI EIRHRD Of- 00, cHfatlefis68 HRHEE tOYRS PRIEL(185 Is-

furnished with a plurality of apertures (51, 52, 53) at a distance from each other along the

length of the heal. sEhangar-ipg (1) 426 GELADICGMAONent (B), coniaining prglergply.

more than 85 percent silicon carbide and consisting of at least two cuboid ceramic elements
(7) having a cross=$¥tti8ADf HidERE cotrtihaiomP B3H%Rafark?dclifdd to each other by

mating corrugation troughs, so that two heat exchanger pipe sections can be arranged in two

opposing _cgr_rugati@fétreag&w%ggo@&ﬁ% 39). and a0as t@fdgp,ip%ﬁs‘f]{m%%gsd in
ﬁ‘rgjgﬁs_d In two opposing, gorrugation,troughs (49 ;%) behween said pair of corrygation., 5

that passes through the ceramic component (6}.

10. The device according to any of claims 7 to 9,
characterised in that the heat exchanger pipe (10} is
bent in an U-shape and the gas infeed (12) ends in the
area of the bend (35).

11. The device according to either of claimg 9 or 10,
characterised in that the gas pipe (13) is furnished
with a plurality of apertures (51, 52, 53) at a
distance from each other along the length of the heat
exchanger pipe (10).

12. A ceramic component (6) containing preferably more
than 85 percent silicon carbide and consisting of at
least two cubeoid ceramic elementg (7) having a cross
section of arcuate corrugations (34) that are secured
to each other by mating corrugation troughs, so that
two heat exchanger pipe sgections can be arranged in
two opposing corrugation troughs (36, 37 and 38, 39),
and a gas feed pipe sgection can be arranged in two
opposing corrugation troughs (40, 41) between said

pair of corrugation troughs.





