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Saturated Hydrocarbons Pyrolysis Cracked Gas
Waste Heat Mainly unsaturated
'I'I PI' 'l'l ']' SHP Steam Components and Water
H-CI-Cl-C s <L-H
| l
HHH H H, CH, CO
H Cracking GH, GH, GHg
2 TLE
| Furnace GH, GH, GH,
H -c > c \C_H > E— approx. ﬁ——» C4 C4” C4///
& & soob°c f7by 6 €7 €
H,-C_ _CH, 2-3 bar 400-600°C C, € G,
cl Cn Cnll Cnlll
HZ
H,0 Heat H,0
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Flue Gas Fan

Transferline
Exchanger
(TLE or LQE)

Side Wall
Burners

Radiant
Section 1

Floor
Burners
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Cross-over Piping

Radiant Coils

Radiant
Section 2
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(m) Profile (°C) :
10.95 1007 I
9.91 1007 I
8.87 1047 ‘
7.83 1057 fs
6.79 1079 | £
5.75 1092 I
471 1090 "
3.67 1078 ’ |
2.63 1064 ik
1.59 1078
m 0.55 1102 g -
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_ Grade 23 Grade 26 Grade 28

Max. Service Temp °C 1260 1430 1540
Bulk Density gr/cm? <0.75 <0.85 <0.95
CCS kg/cm? >12 >18 >20
Cold Bending Strength 8-12 >12 12-15
kg/cm?
Permanent Linear -0.2@1200°C 24h -0.2@1400°C 24h -0.7@1510°C 24h
Change (%)
Thermal Conductivity
(W/mk)
600 <0.31 <0.35 <0.35
800 <0.33 <0.38 <0.38
1 1000 <0.35 <0.40 <0.40

1200 <0.37 <0.41 <0.41
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Composition (%)
AlO, >36 >52 >65
SiO, <52 <45 <32
Fe,O, <1 <0.7 <05
Alkali <0.5 <0.2 <15

W
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Ceramic fiber blanket Ceramic fiber
1260 blanket 1427

Max. Service Temp °C 1200 1400
Bulk Density kg/m? 64-192 64-192
Fiber Dia. nm 2.5-4 2.5-4
Linear Shrinkage % (-2)-(-3.5)@1200°C 24h  (-2)-(-3.5)@1400°C 24h
Tensile Strength Mpa 0.055 min 0.055 min
el i
500 °C 0.08-0.15 0.08-0.15

W %
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Chemical Ceramic fiber blanket | Ceramic fiber blanket
analysis 1260 1427

AlLO, 42-47 % 30-34 %
SiO, 53-58 % 48-55 %
Zro, , 13-18%
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Ceramic fiber board | Ceramic fiber board
1260°C 1430°C
Max. Service Temp 1200 1400
Bulk Density kg/m3 240-380 240-380
Compressive MPa 0.28 min 0.28 min
Strength 10% deformation 10% deformation
Linear Shrinkage %0 (-2)-(-3.5)@1200°C 24h  (-2)-(-3.5)@1400°C 24h
Thermal
Conductivity
W/mk

0.11 0.11

600 °C
va ] 800 °C 0.15 0.15
1000 °C 0.2 0.2
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Chemical Ceramic fiber board Ceramic fiber board
analysis 1260°C 1430°C

Al,O, 43-45 % 29-31 %
SiO, 54-56 % 54-58 %
Zro, - 12-14%
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Calcium Silicate Board 1000

Max. Service Temp °C 1000

Bulk Density kg/m?3 240-380
Flexural Strength MPa 0.6
Compressive Strength MPa 0.7
Linear Shrinkage % <2 @Service Temp. 24h
LOI % 10-14@Service Temp.

[ = 1I hermal Conductivity W/mk <0.11
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Chemical analysis | Calcium Silicate Board 1000

ALLO, 3.5-4.5 %
SO, 44-48 %
Ca0 35-38%
<0.7 %
<1.3

vy
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Anchors Alloy Max Service Temp.

Stainless Steel 304 Anchors 800 °C
Stainless Steel 310 Anchors 1100 °C
Inconel Alloy 601 1150-1230 °C
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Typical Oxides

AL O,
Si0,
CaO

Fe,0, .

Na,O
K,O
TiO,

Zr0O,
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Assemble Items

Joints «—

Absorb Thermal Expansion

Expansion Joints «—

Structural Joints «—



Flue gas temperature [*C]

900 +

800 +

700

600

500

400

300

200

100

\“\
max. 30°C/h
hold for 24 h
\
™~ 15°C/h \  max 307
hold for 48 h \(
~ \
15°C/h
/ . A
20 40 60 80 100 120 140

Drying out period [h]
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Total Consumption appros. 16 - 18,000,000 t
Chemistry Incineration
PR 3% 3%0
, Ceramic Rest
Non Fenous 30, LTSN ,

3%

50p Gas
1%

Cement
7%

Ion anud Steel
68%%
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DEGREES CENTIGRADE
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A product is called ,REFRACTORY™,

if the Seger cone is = 18 (1520 °C)

A product is called HIGHLY REFRACTORY",

A Seger cone is of a certain
ceramic composition with a
distinctive melting point
indicating its ability to
withstand heat

If the Seqger cone is = 37 (1830 °C)




Refractories

Classifications

Oxide Bricks Non-Oxide Bricks

Shaped Unshaped
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| JIS(R2641)

O a0 b~ W NP O OO WDNPR

PLC#+ 1.5
when
fired for 3

h at

1400°C
1300°C
1200°C
1100°C
1000°C
800°C
1400°C
1300°C
1200°C
1100°C
1000°C
800°C

Bulk
Density
After drying
at 105-
110°C, Max.

1.2
1.2
1.0
1.0
0.7
0.5
1.5
1.5
1.3
1.3
1.0
0.8

Strength after drying at
105-110°C

Modulus of
rupture.
Min.
Kgf/cm?

10
10

o g N N

20
20
12
12
10

Cold
crushing
strength.

Min.
Kgf/cm?

30
30
20
20
15
5
60
60
40
40
25
15

Thermal
Conductivity at
350°C
Kcal /7m.h.°C,

Reference
value

0.2-0.25

0.15-0.2
0.10-0.15

0.35-0.4

0.30-0.35

0.2-0.25
0.15-0.20




ASTM (C 401)

Classes of insulating castable refractories

PLC, not more than 1.5%0

when fired for 5h at 925°C 1040°C 1150°C 1260°C
Maximum bulk density,

after drying at 105 to 0.88 1.04 1.2 1.44
110°C

Classes of insulating castable

refractories

Test requirements

ClassS Class T Class U S

PLC, not more than 1.5% when
fired for 5h at
Maximum bulk density, after
drying at 105 to 110°C

1480°C 1595 °C 1650°C | /st

1.52 1.60 1.68 1.68
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cold crushing strength in MPa

140

120

100

20

—+—LCC: fireclay/corundum 5 % CA cement
- MCC: fireclay 8 % CA cement
—a—RC: fireclay 25 % CA cement

= RC: fireclay/corundum 15 % CA cement
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dehydration [%]
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Heating up behaviour of sol-gel vs. cement castables

dehydration at 150°C
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700
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Temperature [°C]

300
200
100

Heat up schedule

— Heat up schedule drying test Sol-Gel /r/
— Standard schedule low cement castable /
// /
r/ f_‘,...-—"//
5 10 15 20 25 30 35 40 45 50
Time [h]
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Espansion [lin%]
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sol bonded vs. cement bonded concretes based on Bauxite /
Refractoriness under load

]

— Cement

‘"1 =—Sol-Gel ‘##g/_//’\

=]

4
0 100 200 300 400 500 600 70O 800 900 1000 1100 1200 1300 1400 1;"'500 1600 1700

L
|
|

Cement Sol-Gel -'.

TO: 1403°C TO: 1501°C Ii

31—(T0,5: 1464°C [—T0,5: 1549°C 'I
T1: 1482°C T1: 1565°C i
T2: 1506°C T2: 1588°C

Temperature [°C]
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“ball-in-hand” cc.u
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Porosity 5]

20
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Baulk Demsity [gfcnr]
NN N N N NN

Amount of Mizing Water [%)]

NN

121 2,84
10+ 2 35
g
:.E T T T T 1
I I 4 45 5 5.5 g 8.5
4 45 5 55 B 6.5

Amount of Mixing Wate r [34]
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5.5-8.6 5.5-8.6 H

Less than 300 PPM Less than 300 PPM in Ca?*
total
Less than 300 PPM Less than 500 PPM Mg **
Less than 1000 PPM Less than 200 PPM residue after evaporation
Less than 200 PPM Less than 0.3 PPM CI-
Less than 500 PPM Fe’t
- 2 Turbidity

Less than 200 PPM :
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Temperature (C’)
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D
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Curing

o

0 24
Time (hours)

48

72 96 120

" Thickness of lining < 150 mm
B Thickness of lining > 150 mm







(mm) jlu8 5 Cwoles

Fas U75

75-100

100-200
S 8200

F8:9C 51 es
781 OC;! yias
44000C ;I yws
Vorr OC! yias
Ve OCHH oS
VP OCH pas
VP OCy e

50-100

HEIEIEN
(ykad) 8
-
L

100-200

Carbon Steel
SUS-410, SUS-405 (13cr)

SUS-304 (18cr-8Ni)

SUS-309S (22¢r-12Ni)

SUS-310S (25¢r-20Ni)
(Sk-36)sS34) pus
(SK-38) Sl s

200-300
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