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Refractory Linings
for Waste Combined Heat & Power Plants and Bio Mass Boilers

with Tube Wall Protection System
JuSyS°®SL

- protected by letters patent -
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JuSyS°®SL

Technology and Function

The rear-filled JuSyS®SL Tube Wall Protection System is developed from and added to our current Tube Wall
Protection Systems proven over many years, as e.g. JuSyS® Standard and JuSyS®Air.

JuSyS®SL consists of tube wall tiles made of SiC nitride which are stressless held on the tube wall system by
heat resistant metallic retainers in connection with castable. Due to the stressless constructed retainer, no power
transmission takes place by the movement of the tube wall and/or the different expansion of the refractory system
to the tube wall. A defined gap arising from the evaporation of an especially formed poly propylene (PP) inlay
effects the reduction of power and tension during operation. The retainers are covered by the tile and completely
wrapped with castable as additional corrosion protection. The uninferrupted volume of the JuSYS®SL tile is
unsusceptible to cracks, even in case of thermal shocks.

JuSyS®SL provides decisive advantages:

Reduction of power between tube wall and refractory system via the inlay
Less cracks by the use of tiles with uninterrupted volume

Best corrosion protection by staggered tile joints, covered arrangement of the steel retainers and their
envelopment with JUFLOW mixes of low porosity

Expansion and working joints which are adapted to the process technology and installed according to the
thermal/mechanical stress in JuSyS®SL segments

Variable distance between tube wall and JuSyS®SL tile, important in case of existing residual
studding as well as uneven boiler tube wall

No additional pressure test necessary, as the steel parts are not welded on the pressure part

Depending on the process technology variable heat tranfers by rear casting with mixes of different
thermal conductivity from the JUFLOW line (SiC or Al,0, based)

Short shut-downs by quick mounting and dismounting of the tube wall files

High rentability of the initial equipment and/or the later installation



JuSyS°®SL

Detail JuSYyS®SL

Function and Construction of the suspension

SiC mix

Expansion joint with
biosoluble fiber
SiC shaped part

SiC mix
Plug part

Welding part
Inlay

JuSyS®SL
Tube Wall Tile

SiC mix

Tube Wall System
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Detail Tube Wall Tile

Detail retainer and accessories

N F

SiC shaped part Plug part / retainer Welding part
SHRW-25 SHRW-28
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Tile installation

Picture top left
Mounting of the welding parts on the tube
wall by means of a stud welder

Picture top right
Inserting the plug parts / retainers into the
suspended tube wall tile

Picture left
Suspending of the tube wall tiles in the
prepared tube wall

Picture left
Inserting the plug parts / retainers into the
installed tube wall tile
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Tile installation

Picture top left and right
Inserting the tube wall files

Picture left
Applying SiC mastic to the oval recess to
envelop the steel parts

Picture left
Inserting the in SiC mastic dipped SiC
shaped parts as upper dlosing of the recess



J5

REFRACTORIES

JuSyS°®SL

Tile installation

Picture left

Rear-casting of the tube wall files
with SiC-mix by means of a feeding
sheet metal

Picture left
Ready-installed tube wall tile system

Pictures above
Ready-installed tube wall file system 7
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Heat transfer
The following heat flow calculations for the JuSy S®SL tube wall tile system apply to the new condition of the
refractory lining without any surface contamination as well as to the operating condition of the refractory lining

with surface contamination.

The calculations are based on the following parameters:

Combustion Chamber Temperature: T = 1.000°C

Tube medium temperature: T, = 257 °C (depending on the boiler pressure stage)
Heat transfer coefficient: a = 100/200 W/m2K

Heat transfer coefficient: a,, = 10.000 W/mZK

Surface contamination: = 5 mm slag /coating

Rear-castable of the tile system: = 6/10 mm SiC-mix

The outcome of this is the following heat flow density in W/m? wall surface:

Dicke without contamination with contamination
HintergieBmasse 100 W/m2K 200 W/m2K 100 W/m2K 200 W/m2K
6 mm 61.000 W/m2 | 103.000 W/m2| 20.300 W/m? | 23.800 W/m?
10 mm 58.500 W/m2 | 95.700 W/m2| 20.000 W/m? | 23.400 W/m?
|
Warmestromrichiung

Termnperatur
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Heat Transfer Calculation - without contamination-

Client : Tuba Wall Tile System JuSyS 5L

Project v rear-filled with SiC

Component | Part : Tube 'Wall Tile without Surface Contamination

Caleulation Model ¢ Plane wvertical Wall

Ambient Conditions Innar Chutar Unit

Ambiant Temparature 1000 257 “G {Ingut)

Wall Temperature 3490 283 2 (Calculabed)

Heat Transfar Coafficiant 00 BE5E 9 WM

Calculation Model risanual manual --

Air Speed m's

Radabon Coallicien -

Sun Radiation Wim?

Diiamieter T

Heat Flow Density through Wall GOG5E BO956 Wilm?

Wall Construction Cond.  Crickn. cona,  TeMperabure of

Factor Layers

Material mm WimK) Face "C  Mean "C
1 +=8M07C SIS brick I I 3904 3545
2 +BM115B  SiC mix 5 7600 386 294 5
L +BT0425  sheal 5 4134 270,45 2668

42 2631
JuSyS®SL-Tile SiC-Mix  Tube Wall

Temperature Diagram

H&'E"l

Inserted el conduchviny dala epresen| avirage volues wihoul isrances of dimarsions and labricalion jechnéque. Colculated daila con, thenalon, nol
b L a5 Quaranned oala Heal Didges such oS melalbe anchors, [0S OF smlar 0evioss o JEpois &l e beckwoek (Roubng tacior) andier imbuenos
Wdsaigh seaimouniSety) wills nesp i Nl fudl D™ Lk FilS CoResdar Blaifn i T O b kkon



JuSyS°®SL

Heat Transfer Calculation

Client

Project
Camponent | Part
Calculation Modal

Ambient Conditions

Ambeerl Termperabure

Wall Temparatura

Heal Transfar Coefficiant
Calculation Madel

Air Speed

Radiaton Coeficiant

Sun Radiation

Diameter

Haad Flow Dansity through Wal

Wall Construction

Material
1 +53H07C S brick
& +5M1188  S5iC mix
X +BTMZE  sheasl
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- without contamination-

: Tube Wall Tile System JuSy5 SL

: raar-filled with SIC

2 Tubse Wall Tile without Burface Contamination
: Plang wertical Wall

Temparature Dlagram

Ineprind amal o dalw anbre writosd ol mred
= unrd AR suamtien dsls Al much ma . [ cr nmilar or sl the
mugh sermurelng walls rmap amae ferse rai bean Baken inin o in Him

Innar Curtar L
1000 257 "C {Input)
418 263 “G (Calculabad)
100 il W)
manual ranual -
m's
Wil
mmi
G4 LR Wim®
Cond, Temperature of
Factor Thickn, Cond. Layers
mm  WimK] Face "C  Mean °C
31 26,500 4157 3Bt 2
0 T.E00 KRR 111
5 41,34 2699 268 .4
46 2628
® . . .
JuSyS~SL-Tile SiC-Mix ~ Tube Wall

fmchgue Calnuistsd et can, herelom. mi
Heulng tacicr sncior niuanca
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Heat Transfer Calculation - without contamination -

Client ! Tube Wall Tike System JuSys 5L

Praject  rear-filled with SiC

Component ! Part ¢ Tube Wall Tile without Surface Contamination

Calculation Modal : Plana wertical Wall

Ambient Conditions Innar Outer Unit

Ambienl Tesrpéaralore 1000 257 I {Input)

‘Wall Tamperature 485 6T "G {Calculatad)

Haal Transfer Coefficsant 200 Gga9.9 WK

Caleulation Madel rarual rranual -

Air Spaed m'5

Radiation Coafficiant -

Sun Radiation Wlm?

Demimeter mim

Haat Flow Denzity through Wall 102854 102894 Wim?

Coned, Temperatwre of

Wall Construction Factor Thickn, Cond. E:'gram

Material mm WiimK) Face “C  Mean “C
1. =51107C  SiC bck N 2588 4850 422 4
2 +5M1158  5iC mix G 600 G 3205
3 +ZTDE2E shes| & 41,161 2708 2736

42 26873
JuSyS®SL-Tile SiC-Mix  Tube Wall

Tempergture Diagram

2 Erm

e bt ] dain whlLen of e and ] = dain can nal
b urmd ax guaranies datn Hasd tndgas such as melale aschom, ke o pmibe desces o depoars ot e beckscrk (lzaing don sndior mbuencs
Himugs sumouncng eals raep srasx howe ncl bean biken i cormcerains n e calosbrkon
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Heat Transfer Calculation - without contamination -

Cliant : Tube Wall Tile Systemn JuSyS 5L

Project : rearsfilled with SiC

Companent | Part : Tubae Wall Tile without Surface Contamination

Calculathen Model : Plane vartical Wall

Ambiéent Conditions Innar Cartar Uinit

Armbienl Temgerabure 1000 287 " {Input)

Whall Temperaiurne 522 267 "G {Calculabed)

Haat Transfer Coeflicient 00 92509 WM™

Calculation Modal manual manual -

Alr Spaad mis

Fadiaticn Coeflician -

Sun Radialion Wim?

Ciiaimiier mm

Haat Flow Dansity through YWall aEgey BEEET Wim?

Wall Canstruction Cond.  ckn Cona TemPerature of

Factor h h Layers

Material mm  WimK) Face “C  Mean “C
1: =3H0TC  SIC brick 31 2567 5219 #6221
2 =EM1158  5iC mix 10 7800 040 M
3 #ZTMZS  slas 5 4119 2TE 2 272 .4

44 2666
JuSyS®SL-Tile SiC-Mix  Tube Wall

prature Diagram

W T |
Ta 267 °C

Ieiseibd e sial cosduchuily Ska e prosin] aradioge s alois ol Lberas i of oS and R bon s e, Calockiked dald an Paeksie o
b Ll e frida b dald Hial beoges sich a8 Melalin anchis, park of Selar Sreces of GEpoels o T DAk ueg Teior] andor P
g SUTaunding Walks i, G9ead Nasa nol s laken inlo consaleraten in Tis cabzolabon
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JuSyS°®SL

Heat Transfer Calculation
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- with contamination -

Client ! Tube Wall Tike System JuSys 5L
Praject  rear-filled with SiC
Component ! Part ¢ Tube Wall Tile with surface contamination
Calculation Modal : Plana wertical Wall
Ambient Conditions Inmar Outer Unit
Ambienl Tesrpéaralore 1000 257 I {Input)
‘Wall Tamperature rar 2549 "G {Calculatad)
Haal Transfer Coefficsant 100 Gga9.9 WK
Caleulation Madel rarual rranual -
Air Spaed m's
Radiation Coafficiant -
Sun Radiation Wlm?
Demimeter mim
Haat Flow Density through Wall 20286 20286 Wim?
Wall Construction :'::;Er Thickn, Cond. Tmt:;r:t;m o
Material mm WiimK) Face “C  Mean “C
1 =*MESSTA  contaminabion 5 0,204 TETA 554, 7
2 +B10TC  SiC bnck 3 2600 3014 2864
3 +ZMT1GE Sl mix 5] 7800 2775 260 5
i: *3TDEZ5  shaal 5 41,484 26815 2803
47 2560
Contamination JuSyS®SL-Tile SiC-Mix Tube Wall
Temperature Diagram
EEA
|'rn T |

e bt ] dain whlLen of e and ] = dain can, asslorm, nol
b urmd ax guaranies datn Hasd tndgas such as melale aschom, ke o pmibe desces o depoars ot e beckscrk (lzaing don sndior mbuencs
Himugs sumouncng eals raep srasx howe ncl bean biken i cormcerains n e calosbrkon
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Heat Transfer Calculation - with contamination -

Client ! Tube Wall Tike System JuSys 5L

Praject  rear-filled with SiC

Component ! Part ¢ Tube Wall Tile with surface contamination

Calculation Modal : Plana wertical Wall

Ambient Conditions Inmar Outer Unit

Ambienl Tesrpéaralore 1000 257 I {Input)

‘Wall Tamperature 0o 2549 "G {Calculatad)

Haal Transfer Coefficsant 100 Gga9.9 WK

Caleulation Madel rarual rranual -

Air Spaed m'5

Radiation Coafficiant -

Sun Radiation Wlm?

Deameier mim

Haat Flow Density through Wall 20015 20014 Wim?

Coned, Temperatwre of

Wall Construction Factor Thickn, Cond. E:'gram

Material mm WiimK) Face “C  Mean “C
1 =*MESSTA  contaminabion 5 0,204 THEE 561,0
2 +B10TC  SiC bnck 3 2600 ERRE 2996
3 +ZMT1GE Sl mix 10 7800 28T B 274 6
i: *3TDEZ5  shaal 5 41485 2814 2802

1 2560
Contamination JuSyS®SL-Platte SiC-Mix ~ Tube Wall

Temperajure Diagram

268 T |

|'rn T |

e bt ] dain whlLen of e and ] = dhain can, | nal
b urmd ax guaranies datn Hasd tndgas such as melale aschom, ke o pmibe desces o depoars ot e beckscrk (lzaing don sndior mbuencs
Himugs sumouncng eals raep srasx howe ncl bean biken i cormcerains n e calosbrkon

14



J5

REFRACTORIES

JuSyS°®SL

Heat Transfer Calculation

- with contamination -

Cliant : Tube Wall Tile System JuSyS 5L

Project = rear-filled with SiC

Component ! Part ¢ Tube Wall Tile with surface conlaminalicn

Cabculation Model = Plame vertical Wall

Ambient Conditions Inner Duler Limit

Aambient Tempearatura 1000 a7 “C {Input)

Wall Temperalune Ea1 259 “C (Calculabed)

Haal Transfer Cofficien 0 95399 WmK)

Calculation Model manual manual -

Air Spaed m'a

Radiation CosMicenl

Sun Radiation Wim?

Hametar T

Heal Flow Density through Wall 23741 25741 Wl

Cond. Temperature of

Wall Construction Factar Thickn. Cond. mem

Material mm  WiimK) Face “C  Mean “C
1: #*MESETA  confamination 5 0,207 ag1.3 G027
2 +510FC  5iC brick 3 00 e 2850
3 #EM116E 80T mix [5] 780D 2810 2718
d: #*3TI4Z5 alaal 5 4148D 282 2 2608

47 2554
Contamination JuSyS®SL-Tile SiC-Mix  Tube Wall

duin can_ ¥ rxd
3 bacior) mndior mFusrca

Ireariad tharmal mndecary dabs represasl averags wabes o (4 B s
b ormd an gusrasies deis Basl Bidges such s mabnlbe snctors | s o sl dearas o withem b
Himugh sumurking walls rmap amae ferss rani beaen cen mic 1=n in the
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Heat Transfer Calculation - with contamination -

Cliant : Tube Wall Tile Systemn JuSyS 5L

Project : rearsfilled with SiC

Companent | Part : Tube Wall Tile with Surface Contamination

Calculathen Model : Plane vartical Wall

Ambiéent Conditions Innar Cartar Uinit

Armbienl Temgerabure 1000 287 " {Input)

Whall Temperaiurne BAS 269 "G {Calculabed)

Haat Transfer Coeflicient 00 92509 WM™

Calculation Modal manual manual -

Alr Spaed mis

Fadiaticn Coeflician -

Sun Radialion Wim?

Ciiaimiier mm

Haat Flow Density through ‘Wall FEET F3arr ilim?

Wall Canstruction Cond.  ckn Cona TemPerature of

Factor h h Layers

Material mm  WimK) Face “C  Mean “C
1: =MESETA  contaminabbon 5 0207 as3. 1 &3 2
2 +810TC  SiC brick M 20 3205 A7
3 #ZM1158 SiC mix 10 TJB00 2029 2775
4: +5T425  slesl 5 41481 2622 260.7

&1 2503

Contamination JuSyS®S L-Tile SiC-Mix ~— Tube Wall

Temperature Diagram

=R

I o] el bt iy Sl PEEIT] ireETia w il w0 LobeTartcinh of ERSMTTRaOnTS aied faSrcabon Dechiegue. Calukined dald San. Penekse, fot
b Ll e QRiaTE G dald Hisal Deoges such &8 melali anchos, ek oF sietlar S of Epasis ol T Dok (Mo iag Taciod) and'on NPissnos
Ehaig® SUmoLreding Walks NS, GV Nase Nol Bl RN InD Conskerasen i Tis calsulabon
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Technisches Datenblatt / Fiche de données techniques Rev. Hp/ 30.11.2004

JUBRICK 1107 C

| Algemeing Eigenschaften f Propriétés générales ]

ROHSTOFFBASIS Siliciumcarbid
Base de matiéres premiéres carbure de silicium
BINDUNGSART: keramisch-nitridisch
Type de liaison céramigue-nitrure
ROHDICHTE 2,72 glem?
Dansite apparante +-0,07 gfem?
DIN EN 9931

CHEMISCHE ANALYSE: e T200- 78,00 %
Composition chimique SE0N, 18,00 - 28,00 %
RFA

MAX. ANWENDUNGSTEMP.: 1150 °C
Temp. maximum de service

POROSITAT [OFFEN): 150 %
Porosité (ouverte)

EN 5931

[ Physikalische Eigenschaflen | Prapriétés |

IRREV, LANGENANDERG, REV. THERM, DEHNUNG KALTORUCKFESTIGKEIT WARMELEITFAHIGKEIT
Mod. de la long. lin, {irréw.) Maod. de la long, lin. (rév.) Rés. al" écras. a froid Conductibilite tharm.
DIM 51045 DIM EN 953-5 EN 883-15
120,0 - 160,0 MPa
400°C 0,18% 26,300 Wimk
600 °C 0,27 %
800°C 037 % 19,000 Wimk
1000 “C 046 % 17,400 WimK
1200 °C 16,800 Wimk

Weitere Eigenachafien | Autres propriéies |

TEMPERATURWECHSELBEST.: Wasser [ Eau: = 30 x
Résist. aux chocs thermiques

17
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Technisches Datenblatt / Fiche de données techniques Rev, Hp / 31.08.2006

JUFLOW SM 115 B

| Mligemeing Eigenschaften / Propriétés genérales ]

ROHSTOFFBASIS Siliciumearbid VERARBEITUNG selbstflisland
Base de matiéres premires carbure de silicium Mise en opuvre aulo-coulable
BINDUNGSART: hydraulisch-chemisch KORNUNG: 0-3,0mm
Type de liaison hydraulique-chimique Granulométrie

MATERIALBEDARF: 2,60 t'm?

Besoin en matériaux

CHEMISCHE ANALYSE: 8 56,00 % WASSERZUSATZ: T3-801/100kg
Composition chimique g, 26,00 % Addition d’ eau
B0 13,00 % ANLIEFERUNGSZUSTAND: Trocken
Fad, 0,20 % Etat & la livraison S0
Cal) 1,50 %
MAX. ANWENDUNGSTEMP.: 1400 °C HALTBARKEIT: & Manate | mais
Temp. maximum de service Solidité

| Physikalische Eigenschaften | Proprigtés

IRREV. LANGENANDERG. REV. THERM. DEHNUNG KALTDRUCKFESTIGKEIT WARMELEITFAHIGKEIT
Mod. de la long. lin. {irév.) Mod. de la long. lin. (rév.) Rés. a I écras. a froid Conductibilite therm.
PRER 27 EM 993-15
110°C 70,0 MPa
400 °C 7.200 Wimk
500°C 70,0 MPa
600°C 5,800 Wimk
800 °C 040 % 100,0 MPa 5,000 Wimk
1100 °C 0,25 % 100,0 MPa
1350°C 100,0 MPa

Weltere Elgenschafien / Autres propridtés }

ABRIEBFESTIGKEIT: 5 B8 em?
Résistance r I'abrasion

ASTM G 704

18
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References JuSyS®SL %

The rear-casted Tube Wall Protection System JuSyS® SL has already been successfully installed in a large number of
plants since the year 2004. In numerous furnaces throughout Germany and in other European countries we accomplished a
surface of more than 5.000 m? of installed tube wall tiles to best customer satisfaction.

We will gladly give your more detailed information upon request.

Just talk to us or write us.

Jinger+ Gréter GmbH

Robert-Bosch-Strasse 1, 68723 Schwetzingen
Phone +49 (0) 6202 944-0, Fax +49 (0) 6202 944-194
info@jg-refractories.com 19




