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2. CONTROL PARAMETERS
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2.1.1 Wetkiln
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Figure 1: Control parameters and variables of a wet kiln
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Figure 2: Control parameters and variables of a Lepol kiln
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Figure 3: Control parameters and variables of a PH kiln
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2.1.4 Precalciner kiln
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Figure 4: Control parameters and variables of a precalciner kiln
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2.2.5 Secondary Air Temperature (SAT) or Tertiary Air Temperature (TAT)
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Figure 6: Position of the dark feed
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Table 1: Typical oxygen levels at the kiln inlet (dry gas)
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BZT BET Oxygen
Wet kiln Target +/- 20 °C Target +/- 10 °C Target +/- 0.3 %
Lepol kiln Target +/- 20 °C Target +/- 15 °C Target +/- 0.5 %

Preheater kiln

Target +/- 20 °C

Target +/- 15 °C

Target +/- 0.5 %

Inline PC kiln

Target +/- 20 °C

Target +/- 20 °C

Target +/- 0.7 %

Separate PC kiln

Target +/- 20 °C

Target +/- 20 °C

Target +/- 0.5 %

Table 2: Desired range of the different control parameters
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Figure 7: Decision tree
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Case Condition

Action

Reason

1BZT low When BZT is slightly low:
OXYGEN low 1 increase kiln draft increase oxygen and prepare for step 2, increase BET
BET low 2 increase fuel rate increase BZT and BET, bring oxygen back to normal
When BZT is very low:
1 increase kiln draft increase oxygen and prepare for step 2, increase BET
2 increase fuel rate increase BZT and BET, bring oxygen back to normal
3 decrease kiln speed increase BZT and BET even more
4 decrease feed rate maintain kiln filling degree constant
2BZT low 1 increase kiln draft slightly increase oxygen, increase BET to prepare for step 2
OXYGEN low 2 decrease fuel rate increase oxygen even more, bring BET back to normal
BET o.k. 3 decrease kiln speed increase BZT
4 decrease feed rate maintain kiln filling degree constant
3 BZT low 1 decrease fuel rate increase oxygen and prepare for step 2, decrease BET
OXYGEN Low 2 decrease kiln draft decrease BET
BET High 3 decrease kiln speed increase BZT
4 decrease feed rate maintain kiln filling degree constant
4 BZT Low When BZT is slightly low:
OXYGEN o.k. 1 increase kiln draft increase BET, increase oxygen to prepare for step 2
BET Low 2 increase fuel rate increase BZT and BET
When BZT is very low:
1 increase kiln draft increase BET, increase oxygen to prepare for step 2
2 increase fuel rate increase BZT and BET
3 decrease kiln speed increase BZT and BET even more
4 decrease feed rate maintain kiln filling degree constant and increase BET
5BZT Low When BZT slightly low and oxygen slightly high, but still o.k.:
OXYGEN o.k. 1 increase fuel rate increase BZT
BET o.k. When BZT very low:
1 increase kiln draft slightly increase oxygen and prepare for step 2
2 increase fuel rate slightly increase BZT
3 decrease kiln speed increase BZT more
4 decrease feed rate maintain kiln filling degree constant
6 BZT Low When BZT is slightly low and oxygen is slightly high, but still 0.k.:
OXYGEN ok. 1 decrease kiln draft increase BZT and decrease BET
BET High When BZT is very low:
1 decrease fuel rate decrease BET, increase oxygen to prepare for step 2
2 decrease kiln draft decrease BET, bring oxygen back to normal
3 decrease kiln speed increase BZT
4 decrease feed rate maintain kiln filling degree constant
7BZT Low When BZT is slightly low:
OXYGEN high 1 increase fuel rate increase BZT and BET, decrease oxygen
BET Low When BZT is very low:
1 increase fuel rate increase BZT and BET, decrease oxygen
2 decrease kiln speed increase BZT and BET
3 decrease feed rate maintain kiln filling degree constant
8 BZT low When BZT is slightly low:
OXYGEN high 1 increase fuel rate increase BZT, decrease oxygen
BET o.k. When BZT is very low:
1 increase fuel rate increase BZT, decrease oxygen
2 decrease kiln speed increase BZT
3 decrease feed rate to maintain kiln filling degree constant
9BZT low When BZT is slightly low:
OXYGEN high 1 increase fuel rate increase BZT, decrease oxygen
BET high 2 decrease kiln draft decrease BET and oxygen, compensate BET increase of step 1

When BZT very low:

1 increase fuel rate

2 decrease kiln draft
3 decrease kiln speed
4 decrease feed rate

increase BZT, decrease oxygen
decrease BET and oxygen, compensate BET increase of step 1
increase BZT

to maintain kiln filling degree constant




10BZT o.k. 1 increase kiln draft increase oxygen, increase BET
OXYGEN low 2 increase fuel rate slightly compensate BZT decrease of step 1
BET low
11 BZT o.k. 1 increase kiln draft increase oxygen
OXYGEN low
BET ok.
12BZT o.k. 1 decrease fuel rate decrease BET, increase oxygen and prepare for step 2
OXYGEN low 2 decrease kiln draft slightly decrease BET
BET high
13BZT o.k. 1 increase kiln draft increase BET
OXYGEN o.k. 2 increase fuel rate slightly compensate oxygen increase and BZT decrease of step 1 BET
BET low
14 BZT o.k. When this condition persists:
OXYGEN o.k. 1 increase kiln draft increase oxygen to prepare for step 2
BET o.k. 2 increase fuel rate increase BZT to prepare for step 3
3 increase feed rate increase production
4 increase kiln speed to maintain kiln filling degree constant
When this condition is only temporary:
1 No action
15 BZT o.k. When oxygen is slightly high, but still o.k.:
OXYGEN ok. 1 decrease kiln draft decrease BET decrease BET
BET high When oxygen is slightly low, but still 0.k.:
1 decrease fuel rate decrease BET and prepare for step 2
2 decrease kiln draft decrease BET
16 BZT o.k. 1 increase kiln draft slightly increase BET, increase oxygen to prepare for step 2
OXYGEN high 2 increase fuel rate increase BET, compensate BZT decrease of step 1
BET low
17 BZT o.k. 1 decrease kiln draft decrease oxygen
OXYGEN high
BET ok.
18 BZT o.k. 1 decrease kiln draft decrease oxygen and BET
OXYGEN high 2 decrease fuel rate slightly decrease BET, compensate BZT increase of step 1
BET high
19 BZT high When BZT is slightly high:
OXYGEN low 1 increase kiln draft increase oxygen, increase BET
BET low When BZT is high:
1 increase kiln draft increase oxygen, increase BET
2 increase kiln speed decrease BZT
3 increase feed rate to maintain Kiln filling degree constant
20 BZT high When BZT is slightly high:
OXYGEN low 1 increase kiln draft increase oxygen, decrease BZT
BET ok. When BZT is high:
1 decrease fuel rate increase oxygen, decrease BZT
2 increase kiln speed decrease BZT
3 increase feed rate to maintain kiln filling degree constant
21 BZT high When BZT is slightly high: decrease BZT and BET, increase oxygen
OXYGEN low 1 decrease fuel rate
BET high When BZT is high:
1 decrease fuel rate decrease BZT and BET, increase oxygen
2 increase kiln speed decrease BZT and BET
3 increase feed rate to maintain kiln filling degree constant
22 BZT high When BZT is slightly high: .
OXYGEN o.k. 1 increase kiln draft decrease BZT, increase BET
BET low When BZT is high:
1 increase kiln draft decrease BZT, increase BET
2 increase kiln speed decrease BZT and BET
3 increase feed rate to maintain kiln filling degree constant
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23 BZT high When BZT is slightly high:
OXYGEN o.k. 1 decrease fuel rate decrease BZT
BET o.k. When BZT is high:
1 decrease fuel rate decrease BZT
2 increase kiln speed decrease BZT
3 increase feed rate to maintain kiln filling degree constant
24 BZT high When BZT is slightly high:
OXYGEN o.k. 1 decrease fuel rate decrease BZT and BET
BET high When BZT is high:
1 decrease fuel rate decrease BZT and BET
2 increase kiln speed decrease BZT and BET
3 increase feed rate to maintain kiln filling degree constant
25 BZT high When BZT is slightly high:
OXYGEN high 1 increase kiln draft decrease BZT, increase BET
BET low When BZT is high:
1 increase kiln draft decrease BZT, increase BET
2 increase kiln speed decrease BZT and BET
3 increase feed rate to maintain kiln filling degree constant
26 BZT high When BZT is slightly high:
OXYGEN high 1 decrease fuel rate decrease BZT
BET o.k. When BZT is high:
1 increase kiln draft decrease BZT, increase BET to prepare for step 2
2 increase kiln speed decrease BZT
3 increase feed rate to maintain kiln filling degree constant
27 BZT high When BZT is slightly high:
OXYGEN high 1 decrease fuel rate decrease BZT and BET
BET high 2 decrease kiln draft decrease oxygen

When BZT is high:

1 decrease fuel rate

2 decrease kiln draft
3 increase kiln speed
4 increase feed rate

decrease BZT and BET
decrease oxygen
decrease BZT

to maintain kiln filling degree constant
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Figure 8: Typical calcining curve
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Figure 9: Typical grate speed controller characteristic (example)

o5 Js) S oy b el S b Jgome b ar o slo o8 Syl oad BSCAS 00 5 Sl G 5 (I5S) eaiS S S
O gam slacg I 4 Jgl co )5 5l SIS s glasyl cpl pln sl oo ial38l zoyd 4 gam sless )T e s G cdze D j0. Dgd g0 Al
bee el slaly )50

6.2 Subordinate control l00pS ¢ ,5 568 olo ail>

6.2.1 Cooler air flow Jo5 cloa L >

e o5 Caol ol Bam. 9 g0 ALBIS 4SS SEAS fy 5 Co S (K8 lad Sl JEe 5 Sl 5055 jsbay Yaane JsS slagd ol >
A el ool Sl 2l (sls oy s 1) )5S liles ol S5 Sblagi 5| Jie 2o 5 401, 55 (glon 51 Ly s
o 5 S Slye Jaie) g sls ol WS oo IS 5l s 5 S M b ST et S S el SIS iy )|
JIo b ar cnl Wls JsS (g3 Caos ar (o3 go8 g Wlo 1) e cn i oS ol slacs) jo (S jLaS 5 (a8l 5 mye e
Slop ol plo. Canl ol S il iin Jo8 len g ,STdS o slos BB a5 o5l led 0 Lo)S b3k 5 Sl o5lecSis a5 el
A.ii (4.]99.1),0 ‘55'«5)) )LM.S lJ) ‘;w 6‘9& G)y ;_i) osmsa oolazwl ol &‘Q )92 M as @l} 5999 4O 6)»..‘»...: oS S

(Sl 20lgp azBll oy £ g oo 5 ) l)ls caiS S (o jo) cewl o eols las 55 50 cauS S




23 |

175 + - 50

1.50 +

125 + \

1.00 + \

‘o
o =
E N 125 8
E o5 \l\ E
NN

050 + T~

0.25 +

000 | | | | | | | | | | 0

1 2 3 4 5 6
Compartments

‘ — Specific cooling air flowrate —@— Undergrate pressure

Figure 10: Cooling air flow distruibution (example)
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7. LEPOL GRATE CONTROL
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Figure 11: Gas - and material flows of a Lepol preheater
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Figure 12: Pelletizer (semi dry process)
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Figure 13: Pellet size in function of raw meal feed rate and ratio of water to raw meal
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8. PROCESS PROBLEMS AND KILN UPSET CONDITIONS
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8.3.2 Sinter, middle, meal and mud rings
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Figure 13: Example of a heat up curve (4 stage PH kiln)
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11. CALCULATION OF THE RETENTION TIME _ (cwldl) wilo ybo dumwlxo
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According Duda:

_177-14J8
v-d-n

t

According Labahn:

o1
d © n-tana

With: t: Time in minutes
I: Length of kiln in meter
0: Angle of repose in degrees: 35-40 ° for clinker 0-50 mm
v: Slope of kiln in degrees (normally 1-2.5 °)
o Angle of the moved material in the kiln
(tan o must be calculated from sin o = sin v / sin 0)
d: Internal diameter of the kiln in meter (in-between bricks)
n: Number of revolutions per minute

F: Factor, which equals 1, if the kiln has a constant diameter
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Example:
PH Kiln with the following data:
:60m,0:35°, vi3%=1.72°d:3.6 m, n: 1.7 1/min, F: 1

According Duda:

t= 1.77-60- 35 .1=59.7min
1.72-3.6-1.7

According Labahn:

t—60- 1

= =59.6 min
3.6 w-1.7-tan3.00

with o = 3.00 ° from sin o = sin 1.72 / sin 35

PC Kiln with the following data:
:70m, 0:35°,v:3.5% =2.00°d: 5.6 m, n: 2.0 1/min, F: 1

According Duda:

t= 1.77-70- /35 .1=32.6min
2.00-5.6-2.0

According Labahn:

t—70- 1

= =32.6min
56 m-2.0-tan3.49
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with o = 3.49 ° from sin o = sin 2.00 / sin 35
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