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Thermodynamic analysis of calcium carbide manufacturing process
by coal-coke-electricity grading substitution

MA Shuo, MA Danan, LI Renxi, MA Hongting
(School of Environmental Science and Engineering, Tianjin University, Tianjin 300350, P. R. China)

Abstract: In order to analyze the utilization and loss of energy and phosphorus in the production of calcium
carbide by the new process of coal-coke-electricity grading substitution, and evaluate the different calcium
carbide production processes scientifically, this paper analyzes the material balance, energy balance and
exergy balance of the new process based on the actual operation data of a domestic calcium carbide
production enterprise. The new process of coal-coke-electricity grading substitution, electrothermal method
and oxycaloric method were evaluated against the comprehensive energy consumption index and exergy
index of multiple products with different target products as benchmarks. The results show that in the total
energy and total exergy input into the new system, the energy and exergy proportion of the cold pellet into
the pyrolysis furnace are the highest, 69.36% and 71.85% respectively; in the total energy and total energy
output of the new system, the energy and exergy proportion carried out by calcium carbide are the highest,

which are 71.97% and 69.09% respectively; among the various heat losses, calcium carbide furnace gas
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takes the most heat, accounting for 15.12% of the total heat output. The power consumption per unit
product of the new process is only 2.48 kWh/kg-CaC,, which is 23.93% lower than that of 3.26 kWh/kg-
CaC, of electrothermal method. When CaC, is the only target product, the new process has the lowest
comprehensive energy consumption of 10.22 kWh/kg-CaC, per unit product and comprehensive exergy
consumption of 9.15 kWh/kg-CaC, per unit product. Compared with the traditional electric heating method
and oxygen heating method, the new process has obvious advantages of energy saving and exergy saving.

Keywords: new technology of coal-coke-electricity grading substitution; electrothermal method;

oxythermic method; energy analysis; exergy analysis
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Fig. 1 Schematic diagram of new process system for calcium carbide production
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Table 1 Pulverized coal industry and element analysis Wt/ %
Tl 7 TCR T
M. A A\ FCu Cua H.q N.a S O.
T 11.55 3.84 27.3 57.31 66.68 3.08 1.05 0.37 13.43
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Table 2 Simulation analysis of basic data

BA HAZH

A DT=800 C
2) p=0.10 MPa

AR ERE R 53 780.20 kg/h(CaO 25 330 kg/h, /K 4 470 kg/h, % 23 980.20 kg/h)

LA DT=2 000 C
2)p=0.10 MPa
AR HAR N 280 keg/h

DI AZE R 874 kg/h
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Table 3 Volume fraction of gas products in pyrolysis furnace at 800 ‘C %
CO H, CO, CH, C; Hg C, H, C, Hs C; Hs C.H, CiHyo C, Hg
5.30 41.81 22.36 29.22 0.62 0.47 0.13 0.05 0.01 0.02 0.01
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Table 4 Tar quality of pyrolysis furnace at 800 ‘C %
Jg Wi k& 7R B HSS7N HoAth
45.04 4.06 35 15.27 0.63
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Table 5 Standard exergy and standard enthalpy of elements kJ/kmol

% %Y eouel H

C CO. 410 515 442 790

Ca CaCO; 713 882 741 574

H H, O 117 575 144 703

N N; 346 28 736

O O, 1977 17 265

S CaS0O, * 2H, 0O 601 063 656 498

R6 HMIZHEXBEREALEWHRESH

Table 6 Standard parameters of elements and compounds related to the new process

sy ho/ 50/ go/ e/
(kJ « (kmoD™") (kJ « (kmol * K) ") (kJ » (kmoD™") (kJ + (kmoD ™)
H,O(g) —241 810 —44.35 —228 590 8 667.46
N, (g) 0 0 0 691.07
0, () 0 0 0 3 946.50
S(s) 0 0 0 602 442.84
H. (2) 0 0 0 235 284.21
C(s) 0 0 0 410 531.01

CaO(s) —635 090 —105.994 —603 487 112 372
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S
u ho!/ so/ go/ e/
(kJ » (kmoD™") (kJ « (kmol « K) ") (k] » (kmoD ") (k] » (kmoD ")
CaC, (s) —59 802 17.058 3 —65 137 1469 775
CO(g) —110 530 89.28 —137 150 275 354.26
CO. () —393 510 0.69 —394 370 20 107.51
CH, (@) — 74 538.7 —80.532 3 —50 490 830 325
C, H, (@) 228 150 58.76 210 680 1 266 860
C,H, (g 52 463.6 —53.421 9 68 440 1359 770
C, Hs (@) —83 878.4 —174.091 —31 920 1 494 560
C; He (@) 20 131.2 —142.344 62 640 1999 635
C; Hg (@) —104 790 —269.423 —24 390 2 147 755
C, Hs (@) —7 576.34 —244.3 65 360 2 648 020
Cy Hyp (@) —125 970 —366.17 —16 700 2 801 110
Cs Hyp (D —173 350 —548.365 —38 813 3 454 662
C; Hg (D 12 988.6 —339.399 122 200 3 936 405
Cy2 Has SCD —324 940 —1 251.46 77 230 8 661 423
Ci Hi: O, (D —270 120 —670.698 —34 800 7 127 264
Cys Hys N(D —366 630 —1722.41 174 000 10 212 046
COS(g) — 142 080 91.181 —169 200 844 355
H,S(g) —20 681.5 42.966 9 —33 440 802 773
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Table 7 Material balance table of the whole process of a calcium carbide production enterprise kg/h
LA 1 2 3 4 5 6 7 8 9 10 11
H,O 0 0 149 0 3172 0 0 0 533 0 0
N, 0 18 689 0 0 18 689 85 0 673 758 0 0
0O, 0 5582 0 0 1 020 56 0 201 0 0 0
S 0 0 0 0 0 209 0 0 0 0 0
H, 0 0 196 0 0 145 0 0 75 0 0
C 0 0 0 0 0 12 960 232 0 0 66 596
CaO 25 330 0 0 0 0 25 330 1 0 0 1461 3 409
CaC, 0 0 0 0 0 0 0 0 0 0 23 389
CO 0 0 345 0 0 0 0 0 7674 0 0
CO, 0 0 2 284 0 4313 0 0 0 1667 0 0
CH, 0 0 1 088 0 0 0 0 0 0 0 0
C,H, 0 0 0 0 0 0 0 0 0 0 0
C, H, 0 0 31 0 0 0 0 0 0 0 0
C, He 0 0 9 0 0 0 0 0 0 0 0
Cs Hs 0 0 5 0 0 0 0 0 0 0 0
C; Hg 0 0 64 0 0 0 0 0 0 0 0
C, Hs 0 0 1 0 0 0 0 0 0 0 0
C,Hyo 0 0 3 0 0 0 0 0 0 0 0
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£ R 1 2 3 4 5 6 7 8 9 10 11
C; Hs 0 0 0 105 0 0 0 0 0 0 0
CiHy S 0 0 0 16 0 0 0 0 0 0 0
CiyHi, O, 0 0 0 908 0 0 0 0 0 0 0
Cis Hss N 0 0 0 396 0 0 0 0 0 0 0
COS 0 0 0 0 0 0 0 0 99 0 0
H.S 0 0 0 0 0 0 0 0 166 0 0
COAL 23 980 0 0 0 0 0 0 0 0 0 0
ASH 4470 0 0 0 0 8 226 46 0 0 7 031 1241
Eit 53 780 24 271 4175 2 595 27 194 47 011 280 874 10 972 8 558 28 634
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Fig. 2 Energy flow diagram of new process calcium carbide furnace (unit: kW)
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Fig. 3 Exergy flow diagram of new process calcium carbide furnace
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Table 8 Comparison of comprehensive energy consumption of three calcium carbide production processes

&%
op
=

i H B HL gk Y Ak [ B
€caC,y kWh/kg-CaC, 15.62 23.84 10.22
€co kWh/kg-CO 31.00 5.86 31.15

e kWh/kg-product 20.50 8.95 11.81
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Table 9 Comparison of comprehensive exergy consumption of three calcium carbide production processes
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