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Brick and roof tile production
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5. QC & Dispatch

Source: Ziegel Zentrum Sud e.V.
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Tunnel kiln
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Source: Lecture notes of Process Engineering of Metals and Ceran
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Source: Lecture notes of Process Engineering of Metals and Ceramics; Prof. Specht
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Kiln car setting
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Tunnel kiln
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Source: Entwicklung innovativer Tunnelofenkonzepte zum Brennen von keramischem

Gut anhand eines mathematischen Prozessmodells, T. Redemann

Source: An integrated approach of the potential of hydrogen combustion for the decarbonization of tiles and bricks
industry — CTMNC, CORIA, CLEIA, France.
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Why Ammonia?

mmm Compared to hydrogen, ammonia has a clear advantage, particularly in terms of
transport and storage.

mmm |n liquid form, hydrogen must be transported at a temperature of 252°C.

(36 kJ/g are required to cool hydrogen to a temperature of -252°C and thus liquefy it)

mmm Ammonia can be liquefied at normal pressure at -33°C, or even at 20°C at
a pressure of 9 bar. This makes it easy to transport and store!
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Source: Aziz, M.; u.a.: Ammonia as Effective Hydrogen Storage: A Review on Production, Storage ans Utilization; Energies 2020
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Combustion properties

unit CHg4 H, NH3
Him MJ/kg 50,03 120 18,6
Hs,vol MJ/my3 39,75 127,76 1,09
Hs,m MJ/kg 55,51 141,78 22,48
"N kg/mn3 0,716 0,09 0,76
O2min mn3/mn3 2 0,5 0,75
L min mn3/mn3 9,524 2,381 3,571

Is the process

Tad (<=1) °C 1951 2106 1798
Self-ignition temperature* °C 630 520 650
Ignition range in <* - 0,58 -2 0,14 -10 0,71 -1,59
s (<=1) cm/s 38,57 209 6,8
Minimum ignition energy mJ 0,28 0,019 14

All datain (25 °C / 0 °C)

What NO, emissions can be expected?
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Challenges of NH3 as a fuel gas

oqe . . . ?
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NO, emissions lab. burner S = swirl setting | Q;, =8 kW / <=1,05
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Burner test in semi industrial scale Q, = 60-80 kW / <=1,05
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secondary air to simulate the
air flow of a tunnel kiln

e 25 = 2 burners examined which are
| secondary air used in the brick industry
B2 5 (without modifications!)

lance burner

Source: SKS GmbH
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Burner test in semi industrial scale Q, = 60-80 kW / <=1,05

100 % H, 10 % NH, 100 % NH,

Kiln preheated
to:

- 850°C

- 1.050°C

H, flame
invisible

flameless

» Tests conducted with natural gas and H, as carrier gas
* H, is more suitable as a carrier gas!

— Formation of additional pollutants such as N,O and NH!
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Burner #1

NOy - concentration x 10% in mg/m* @ 17 vol.% O,, dry
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Burner #2
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Samples to be examined

roof tiles clinker hollow bricks

120x60x12 mm 80x70x40 mm 80x70x40 mm
hole ratio 15% hole ratio 40%
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Samples to be examined

clinker roof tiles hollow bricks
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Test kiln for firing model bricks Qp =60kwW / <=1,05
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Firing curves of the model bricks
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Fired model bricks
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oxygen content affects
sintering and color!
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Determination of color difference

AByy = \/(Lf — Lt)” + (@ — at)? + (6 — b7)?
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Observation under the microscope
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Properties of fired model bricks

compressive strenght flexural strenght
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Properties of fired model bricks
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Conclusion

« Adding NH; to H, produces a more stable flame than in natural gas
« Particularly interesting for decentralized production
 NO, strongly dependent on burner geometry

* No effect on product color and quality

generated with Al
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Thank you for your attention!

Erdem Kanbak B. Sc.
+49 (0) 201 59 213 39

+49 (0) 201 59 213 20
kanbak@izf.de




