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Energy mass balance model of main reaction device for preparing high
chlorine consumption products from fly ash
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Abstract: Exploring and developing a new extraction process of valuable components of fly ash with high
added value is of practical significance to improve the resource utilization efficiency of bulk solid waste fly
ash. Based on the principle of chlorination metallurgy, this paper first proposes a technical solution to
prepare high chlorine consumption products with fly ash and industrial by-product chlorine as the main raw
materials by using the injection shaft furnace process combined with distillation purification technology,
giving consideration to “Treating the wastes with wastes” . Then the energy and mass balance model of the
main reaction device of the injection furnace process is constructed, and the economic and technical
indicators are analyzed through numerical calculation, and the feasibility of the process is evaluated. The

calculation results show that the theoretical output of AICl;, FeCl; and SiCl, with high added value can be
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498. 78, 94.86 and 935.55 kg respectively by treating 695 kg fly ash per hour, at the same time,

280. 47 kg coke, 1 593.74 kg industrial by-product chlorine and 182.07 kg carrier air are consumed.

Increasing the preheating temperature of industrial by-product chlorine can reduce coke consumption and

optimize production costs. The heat taken away by the furnace gas accounts for 74.78% of the heat

expenditure of the main reactor, which is positively related to the chlorination rate of the oxides in the fly

ash. The high calorific value furnace gas after rectification purification can be recycled together with waste

heat recovery equipment such as flue gas furnace. The research contents and results can provide theoretical

basis and data support for subsequent process simulation and optimization of operating parameters.

Key words: fly ash; carbothermal chlorination; injection furnace; high chlorine consumption products;
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Fig. 1

Process flow diagram for preparing high

chlorine consumption products from fly ash
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Fig. 2 Main reaction device of high chlorine consumption

product preparation process from fly ash(*?
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Fig. 3 Schematic diagram of model calculation process
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Table 1 Composition and content of fly ash /%
4y Al Oy Fe, O4 SiO; C CaO K;0O Naz; O MgO HeE
a5 27.52 6. 74 47.51 3.90 7.17 1.51 1. 68 1.22 2.75
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Table 2 Composition and content of coke /%
5iH Tl 43 #r TR
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Mad Aua Va FCu Cua Haa Nud Stag Oua
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Table 3 Material balance calculation results of main reaction unit

PR A Pk
WK / (kg » h™1) 695. 00 P15/ (kg » h 1) 2 519.73
TR =R /(kg s h™D) 1593.74
i/ (kg = h™1) 280. 47 Jits/ (kg » b 1) 205. 22
A2 A/ (kg h™ 1) 182. 07
#it/(kg+ b 2 751. 28 &t/ (kg » h D) 9 794. 95
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Fig. 5 Slag composition and output of main reaction device
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Table 4 Calculation results of heat balance of main reaction unit J(k]+h!)

95 PEITA S
1 B A A W) B A 145 950. 00 SR R A 224 647. 37
2 Tl 7= A A R 551 064. 51 AICl, 237 749. 69
3 FEHCH AL 123 754. 06 FeCl; 37 450. 27
4 A W AR 169 691. 16 SiCly 463 261. 23
5 FE IR MR 2 A 592 464. 26 Cls 5 389.53
6 Tl R SR SRR A 588 499. 87 N 289 759. 84
7 CcO 402 973.49
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10 d i A R P 322 815. 37
it 2171 424 it 2171 424
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Fig. 6 Proportion of material heat income and heat expenditure
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