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Exergy Evaluation on the Pellets Production and Direct Reduction
Processes for the Fired and Cement Bonded Pellets
Synopsis :

In order to make a clear evaluation of overall energy requirement for the production system of directly
reduced iron through pellet from iron ore powders, exergy analysis was applied to the two systems. The
first one consists of pelletizing, firing and reduction processes (Fired pellets method) and the second one
includes pellets curing process instead of firing process (Cement bonded pellets method).

Being compared with enthalpy balance, exergy analysis has two advantages in that the exergy expresses
the quality of energy and evaluates different kinds of energy like chemical, thermal, pressure, mixing ener-

gies and so on by a unified measure.

As a result of exergy analysis, fired pellets lose less exergy than cement bonded pellets in the reduction
process in a shaft furnace. As the overall system, however, exergy requirement in the cement bonded pel-
lets method is about 50% of that in the fired pellets method. This marked difference is caused by the large
exergy loss in the firing process. Furthermore, exergy loss in the production of cement bonded pellets will
be decreased by decreasing the amount of cement added as binder.

Key words : energy saving; direct reduction; exergy ; enthalpy ; cement-bonded pellets ; fired pellets ;

rotary kiln ; shaft furnace ; cement kiln.
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Table 2. Standard exergy.
Gas Ny Oy H,O COy H» CO CH,
&°(kJ/mol) 0.71 3.93 8.63 20.14 235.39 275.55 830.74
Solid Si0, AlO3 MnO Ca0 C Fep03 Fe304 Fe.0470 Fe
£°(kJ/mol) 0.00 0.00 100.36 110.41 410.83 0.00 96.97 118.74 368.41
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Table 3. Rant’s equation to estimate exergy of

fuels.'®,
Gas : e=0.95 H,
Liquid : £=0.975 H,
Solid : e=H+rw
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Fig. 2. Two different processes for direct
reduced iron.
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Fig. 3. NSP kiln process for cement,

Table 4. Exergy flow in NSP kiln process.

Exergy (MJ/t-Clinker)
(Inflow)
Coal 3471
Gas 1
Raw material 8
Dust 1
Total 3481
(Outflow)
Clinker 1311
Kiln gas 267
Cooler gas 126
Dust 1
Total 1705
Loss 1776
Efficiency(%) 49.0
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Table 5. Exergy flow in continuous rapid curing
process.
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Table 6. Exergy flow in grate rotary kiln process.
Traveling grate Rotary kiln Annular cooler
¥ (MJ/t-Fe)
(Inflow)
Pellets 88 699 1114
Coal 0 1022 0
Gas 1026 888 2
Elec. power — 6 —
Total 1114 2615 1116
(Outflow)
Pellets 699 1114 0
Gas 0 1026 486
Total 699 2140 486
Loss 415 475 630
Efficiency(%) 62.7 81.8 43.5

Inflow Outflow (MJ/t-Fe)
Pellets 2768 2772 Table 7. Chemical composition of the pellets (wt%).
Preheating gas 55 2 .
Carbonating gas 69 62 Pellet T.Fe FeO Ca0 Si0z | AlO3 | MgO MnO
Drying gas ) 145 49
Cooling gas 0 14 N * 64.43 0.26 2.62 2.53 0.48 0.06 —
Total 3037 2899 SC 62.90 | 0.15 6.43 2.13 0.51 0.04 —
w 64.60 | 0.26 0.26 3.71 2.18 0.14 0.66

Exergy loss 138 — "
Efficiency(%) 95.5 — Except char (5.0 wt%)

l Stack
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N Y [_“
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Fig. 5.

Fan firing pellets.

Grate rotary kiln process for
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Table 8. Experimental conditions for the shaft furnace operations.
Run T, P; GX10? wx10° G/W Y Yeo Yi,0 Yco, Yeuy Yy
No. (K) (MPa)  (m%STP)/s) (kg(Fe)/s)  (m*(STP)/kg(Fe)) (%) (%) (%) (%) (%) (%)
F-1 1112 0.142 0.793 3.01 2.63 74.71 14.84 1.684 4.136 1.530 3.38
F-2 1180 0.116 1.44 6.24 2.30 100 — — —_ — —
C-1 1133 0.147 0.799 2.58 3.10 79.66 13.10 0.718 4.708 0.226 1.64
Table 9. Enthalpy and exergy in the shaft furnace. (MJ/t-Fe)
F-1 F-2 c-1 NsC®
Enthalpy Exergy Enthalpy Exergy Enthalpy Exergy Enthalpy Exergy
(Inflow)
Gas 35271 28 982 31830 25436 36 092 29 342 27 605 22874
Pellets 138 88 50 33 2751 2734 59 42
Total 35409 29 070 31880 25 469 38 843 32076 27 664 22916
(Outflow)
Gas 27 525 22706 23811 19114 26 763 21 818 19 109 15 965
Pellets 7 055 5996 6988 5937 10723 9576 7767 6 695
Total 34 580 28 702 30799 25051 37 486 31394 26 876 22 660
Loss 829 368 1081 418 1357 632 788 256
Efficiency (%) 97.7 98.7 96.6 98.4 96.5 97.9 92.7 98.9

—310—




)

(
s

BERL B L UFRBER S L v b & A L 2 BeskihE 7 a2 ) s by ¥ — 5 2113

0 10 20 30 (GJ/t-Fe)

Gas

1 (IN)

~ (oum .y Loss

ke Pallot —he Gas —
Gas

(IN)

““(oun \\\W H Loss

e Pellet —le Gas

Pallet Gas

(IN)

G4 \
. AN

Pellet e

Gas

Gas

N)

e Y Loss

- Pellet Gas

] 10 20 30

“QJJ

Loss

Fig. 7. Exergy balance in the shaft furnace.
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