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Research and application of simulation for pelletizing roasting process

Process simulation of grate—kiln and straight grate systems

CHU Taishan
( Zhongye Changtian International Engineering Co. Ltd. Changsha 410007 Hunan China)

Abstract: Advanced and reasonable process design is the essential for a pelletizing plant to achieve production and
efficiency. Understanding the heat & mass flow and its interaction can be more clearly utilizing process simulation. Based
on bed mass-heat transfer models the process simulation packages for grate-kiln and straight grate iron ore pelletizing
systems are developed. The steps essential control strategy and algorithm for simulation as well as its applications are
described in the paper. Furthermore the simulation examples as well as the comparisons with dedicated laboratory testing
results for the illustrated typical grate-kiln and straight grate process are given in the paper. The comparison results show
that the process simulation not only can transform process design from empirical to digital but also can provide guidance for
process optimization and production operation.
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Table 1 Main chemical components of iron concentrate( 100 % magnetite) ( project A/B) %
TFe FeO FeCO, Si0, AL O, Ca0O MgO S
67.61/69.74  20.06/20. 80 0/0 2.00/1.80 0.65/0.07 0.80/0.09 0.44/0.13 0.01/0.007
2 ( A/B) ( )
Table 2 Main chemical components of bentonite( project A/B) %
TFe Sloz A12 03 CaO MgO S
9.82/0.05 47.36/52.2 14.14/18.50  2.84/3.20 2.98/4.10  0.078/0.015 8.5/8.6 0.8/0.6
3 ( A/B) ( )
Table 3 Main chemical components of limestone( project A/B) %
0.55/0.05 0.51/4. 1 0.10/0.07 55.63/36. 10 0.26/16. 30 0. 064 /0. 008
4 ( A/B)
Table 4 Main chemical components and calorific value of natural gas( project A/B)
( ) 1% z
. /(kJ*Nm ™)
CH, C,H, C,Hg H,S co, N, 0,
83.0/83.5 2.0/1.8 7.0/6.9 0/0 2.0/1.6 6.0/6.2 0/0 35 415/35 410
5 ( A/B) 6 ( A/B)
Table 5 Related parameters of pellet process and Table 6 Parameters of other on-site condition parameters
product( project A/B) ( project A/B)
Ca0/8i0, MgO/% /(10° tea™) 1% /m 1% /C
0.8/0.4 5.0/6.8 90.4/90. 4 1 104/34 45/65 25/25
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w( TFe) . w( FeO) w( Fe;0,)  w( Fe,0;)
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Table 7 Pellet stoich calculation results( project A/B) %
Fe,0, 61.07/65.2 0/0 0/0 59.38/63. 44 0.30/0. 31
Fe, 0O, 33.41/32. 11 14.03/5. 40 0.77/0.07 32.61/31.25 93.70/95. 64
FeOOH 0/0 0/0 0/0 0/0 0/0
FeCO, 0/0 0/0 0/0 0/0 0/0
Si0, 2.00/1.79 47.36/52.20 0.50/3. 87 2.33/2. 14 2.33/2.12
AL O, 0.65/0.07 14.14/18. 50 0.10/0.07 0.75/0.18 0.75/0.18
Ca0O 0/0 2.84/3.20 0/0 0.02/0.02 1.87/0. 85
CaCO, 1.43/0. 16 0/0 96.74/60. 88 3.29/1.49 0/0
MgO 0/0 2.98/4.10 0/0 0.02/0.02 0.46/0. 48
MgCO, 0.92/0.27 0/0 0.53/32.33 0.91/0.97 0/0
S 0.01/0.01 0.08/0.02 0.06/0.01 0.01/0.01 0. 001/0. 001
0/0 8.50/8. 60 0/0 0.07/0.05 0/0
0.51/0.32 10.07/7.99 1.31/2.78 0.60/0. 42 0.607/0. 42
100. 00/100. 00 100. 00/100. 00 100. 00/100. 00 100. 00/100. 00 100. 00/100. 00
LOI -0.97/-2.02 8.57/8.61 42.90/43.73 -0.03/-0.95
TFe 67.61/69. 74 9.82/3.78 0.55/0.05 65.83/67. 82 65.81/67. 18
97.23/97. 20 0. 80/0. 60 1.97/2.20 100. 00/100. 00
B, 0.80/0. 40
B, 0.61/0.37
B, 0.75/0. 58
1.2 N
8

1.3
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Table 8 Results of wet air calculation( project A/B)

/Pa

/( kg*Nm )

/(kgem ™)

H,0( kgekg ™)

0,/(kgkg™")

N, /(kgekg™")

89 072.50/100 924. 17

1. 280 8/1.2779

1.031 5/1.166 0

0.008 7/0.012 5

0.231 0/0.230 1

0.760 3/0.757 4
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Table 9 Results of fuel combustion( EAC =1) calculation

( project A/B)

/(kg*GJ ") /(Nm*+GJ™")

79.93/79. 96 55.95/55.97
346.03/347.50  270.16/271.93

o, 57.13/56. 86 29.08/28.95
H,0 46.34/47.75 57.67/59.43
N, 264.68/264.86  211.75/211. 89

S0, 0/0 0/0
NO, 1.19/1.19 0. 84/0. 84
0/0 0/0
369.35/370.67  299.35/301. 11
A _
1.
B
2 o
2.2 — —
1 _
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Fig. 1 Example process of gratekiln induration system ( project A)
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Fig.3 Main control logic diagram for grtae-kiln-cooler 4o
integration model( dotted lins for feedback)
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0 9.0% - :
N N DDD1 250 ~350 °C. 2.0 ~
N N 2.5 min DDD2 300 ~400 °C .
N o 3~4 min TPH 800 ~ 1 000 °C.
N 2.0~2.5 min PH 1 100 ~1 150 C.
3.5 ~4.5 min 1 000
N/P 1280 ~1300 C+
12 min DR
10 ~ 12
o N 5.
6( a)
N N 7 7
N o T -1
3.1 A( — ) T-2 T-3~T-5
1~6 N T-6
0.8 DR o T-7 o 6( b)
1 989 cm’/g 0. 8% . NN o
10
Table 10 Main equipment informations
5.6 m x60 m; 336 m’ @6.9 m x46 m @28 m x3.6 m;243.5 m’
/mm 180 760
5.46/( memin~") 1.74/( r*min"") 1.37(r*h™")
DDD1 DDD2 TPH PH Kiln Cl c2 C3
/ 4 5 4 7
/m’ 67.2 84.0 67.2 117.6 94. 4 71.5 77.6
/min 2.20 2.75 2.20 3.85 18. 80 12.92 9.75 10. 45
11
Table 11 Cumulative progress of physical-chemical reactions %0
DDD1 DDD2 TPH PH Kiln Cl1 C2 C3
39.8 84.9 100.0 100.0 100.0 100. 0 100. 0 100.0
FeCO, — — — — — — — —
CaCo, 0.0 0.0 34.0 99.9 100.0 100. 0 100. 0 100.0
MgCO, 0.0 0.0 60. 1 100.0 100. 0 100. 0 100. 0 100. 0
0.0 0.0 58.9 90.0 90.0 90.0 90.0 90.0
Fe, 0, 0.0 0.0 16.2 71. 1 74.6 99.2 99.4 99.5

“_»



152 48 6
12
Table 12 Heat balance sheet GJ/h
DDDI1 DDD2 TPH PH Kiln Cl c2 C3
156. 57 177. 60 249. 84 508. 14 862.71 1 062.53 604. 90 188. 74
359.81 372.52 463. 62 628.53 602. 98 94. 69 104. 53 157.01
0.00 0.00 33.22 111.29 7.00 49.00 0.39 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 254. 89 0.00 0.00 0.00
516. 38 550. 13 746. 69 1247.97 1727.58 1 206. 22 709. 81 345.75
DDD1 DDD2 TPH PH Kiln Cl c2 C3
177. 60 249. 84 508. 14 862.71 1 062.53 604. 90 188. 74 69. 69
0.92 1.64 2.68 6.90 0. 00 2.21 0. 69 0.26
264. 82 218.04 160. 62 316.91 618.01 598.29 519.44 274.57
59.06 66. 40 22.27 0.00 0. 00 0.00 0.00 0.00
0.00 0.00 18.18 28.97 0.03 0.00 0.00 0.00
11.50 7.90 26.57 1.04 5.79 0.00 0.00 0.00
5.30 7.27 4. 66 11.34 0. 00 0.82 0.93 1.23
0.00 0.00 0. 00 0.00 41.22 0.00 0.00 0.00
-2.83 -0.96 3.57 20. 10 0. 00 0.00 0.00 0.00
516. 38 550. 13 746. 69 1247.97 1727.58 1 206. 22 709. 81 345.75
(a) . . » (b) : ;
(c) N v (d) N N N
1— ;22— ;33— ;44— R ;66— v 1T ; 83— ;99— o

Fig. 5 Temperature curve of grate rotary-kiln-annular cooler
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(a) » (b)

1—T-1;, 2—T-2; 3—T-3;, 4—T-4; 5—T-5, 6—T-6;, 7—T-7, 8— ;o 9— ;10— ;
11— s 12— ;13— o
6
Fig. 6 Traveling grate temperature curves of pot grate test and simulation
6 6.5 ~8 min Firing 1315 C.
8 ~10 min AF 1 100 “C. 2 min
UDD 4 kPa 4.5 kPa
. -3 kPa 25.3~31.1 t/(m’+d)
0 DR
3.2 B( ) .
B 1~6 13 ~15 7o
0.4 DR 0 B 500 mm
2180 em’/g ( 260 mm)
0. 6% 8.9% . ( 8)
UDD 280 ~ 300 C.
2.5~3.0 min DDD 330 C. I I
4.4 ~4.8 min PH 330 ~1 315 C. II N 0
13

Table 13 Process zone informations of straight grate

UDD DDD PH Firing AF Cl C2
/m 15 24 39 48 9 51 18 204
/m’ 60 96 156 192 36 204 72 816
/min 2.6 4.1 6.7 8.3 1.6 8.8 3.1 35.2
14
Table 14 Cumulative progress of physical-chemical reactions %
Fe;0, FeCO, CaCoO, MgCO,
UDD 0.0 — — 0.0 0.0 0.0 — 21.1
DDD 0.0 — — 0.0 0.0 0.0 — 92.4
PH 51.3 — — 88.8 100. 0 90.0 — 100. 0
Firing 86.7 — — 100. 0 100.0 90.0 — 100. 0
AF 90.7 — — 100. 0 100. 0 90.0 — 100. 0
Cl 99.5 — — 100. 0 100.0 90.0 — 100.0

C2 99.5 — — 100. 0 100. 0 90.0 — 100. 0

“_
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15 v T,
Table 15 Heat balance sheet GJ/h 1/3 T,
;T
200. 76 340. 98 DT, T,
81.19 800. 24 T,
73.97 348.19 .
831. 80 86. 74
282. 64 205. 47
0 34. 40
401. 84 / / 56. 17
1872.19 1872.19
1— ;22— ; 3— ;44— ; 5— ; 9
6— o Fig. 9 Arrangement of the thermocouples installed

Fig.7 Temperature curves of straight grate

8
Fig. 8 Movable pot grate for simulation of pellet
induration on straight grate
8 I
II N N
I

on the pot grate
10,
10 7

10

Fig. 10 Test temperature curves pot grate



2023

6

155

4.1

4.2

c2

UDD
DDD

10%

4.3

4.4

10

1200 C



156

48 6

11
Fig. 11 Schematic diagram of burn-through—-point control

for pellet induration on a straight grate
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