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Table 1 Industry distribution of flue gas desulfurization SO,(2)=S0,(aq) (1
gYZZI:I;I[Z]prOduction of key enterprises under investigation S Oz (aq)+H, 02=H2 S0,(aq) @)
in
Industry distributi Production/kt H,50 (aa)=2H (aq)*S0; "(aa) ©)
ndustry distribution roductio CaCO,(s)H'(aq)—Ca*(aq)HCO(aq) @)
Electric power and heat production 108290 C
Ferrous metal smelting and HCO! (aq)*H'(aq)=CO,(aq)*H,0(aq) )
calendaring processing 7840 SO; (aq)+Ca*'(aq)+2H,0=CaS0,-2H,0(aq) (6)
it o AN
Nonferrous metal smelting and DAL RS N 56 PR > E S AR AT 72.5)
. . 5360 AL
calendering processing F M
Chemical raw material and 4550 CaS0;-2H,0(aq)+1/20,(g)=—CaS0,-2H,0(s) 7
chemical manufacturing RIEH T XERP B A BEMR KR A B
Non-metallic mineral products industry 2210 MRy, —F EERS SO M CaO G EMIT, It
Paper products industry 780 SR FAL ) &5 B9 TE 3%~4% . PR
s <o 650 BE7E 950 CHTIIEE S R 19%-25%) % 20K 1 F-Fi
other fuel processing N
Others 910 B S K ABRIRES 1 70 il o B A B AR R A

/2 2013~2019 4 5Ll 1 70 A9 Tl Al 10 B5E 18 £
£ ) F B R F )

Table 2 Comprehensive utilization amount and utilization
rate of gas desulfurization gypsum in key enterprises under
investigation from 2013 to 2019

Vear Comprehensive Utilization
utilization amount/kt rate/%
2013 67249 82.3
2014 69147 81.7
2015 75127 86.1
2016 70279 80.4
2017 79486 75.7
2018 92233 73.6
2019 96174 71.3
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Table 3 Chemical composition of flue gas desulfurization

gypsum and natural gypsum

Mass fraction/%
Chemical Flue gas
composition desulfurization Naturazs]
gypsum'” svpsum
SO, 37.58 36.20
CaO 32.25 30.10
MgO 1.33 3.66
Sio, 4.40 3.00
AlLO, 2.62 0.85
Fe,O, 0.73 0.25
TiO, - 0.04
P,O; - 0.01
Loss on ignition 19.58 24.60
Total 98.49 98.71
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CaCO,(s) + H'(aq)=Ca*'(aq)+HCO5(aq) (10)

Ca*"(aq)+S02 (aq)+2H,0—CaS0,-2H,0(s) (11)
HE 1000 kg &5 10%(J5 5250 50 6 8L 15 1R
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Table 4
(mass fraction, %)t"!

SO, CaO SiO, As,0; Fe,0, ZnO PbO CdO HgO
37.02 42.03 3.08 0.282 6.12 2.72 03 02 0.02

Fluorescence analysis results of gypsum slag
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CaS0,-2H,0(s)+CO,(g)+2NH,(g)=

CaCO,(s)+(NH,),SO,(aq)+2H,0(1) (15)
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Na,C0O,+CaS0O,—CaCO,+Na,SO, (16)
MgCO,+CaSO,~CaCO,+MgSO, (17)
+[2Na+CaSO,~=|Ca+Na,SO, (18)
+Mg+CaSO,—=|Ca+MgSO, (19)
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BET SR E T4 GBS TTE, SCEL TSR
KRB TR, S LIRS 34
FAERM, BEREEF 3% . D LSS
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Research progress on comprehensive utilization of
flue gas desulfurization gypsum and gypsum slag in
smelting industry

PAN Zu-chao, JIAO Fen, QIN Wen-qing, ZHANG Tian-fu, RUAN Bo-wen

(School of Minerals Processing and Bioengineering, Central South University, Changsha 410083, China)

Abstract: The flue gas desulfurization process of coal-fired power plants and the neutralization process of
smelting acid wastewater are accompanied by the generation of solid waste with calcium sulfate dihydrate as the
main component. The former is called flue gas desulfurization gypsum (FGDG), whereas the latter is usually
termed as gypsum slag. FGDG has been used in various ways, such as in building materials, production of
chemical raw materials, carbon dioxide sequestration, environmental treatment, and soil remediation. Gypsum slag
is difficult to use because it contains arsenic, copper, lead, chromium, and other harmful elements. The usual
treatment methods are solidification/stabilization treatment, high-temperature melting treatment, recovery of
valuable metals, and the use of slagging agents. Combined with the latest research results on their comprehensive
treatment, the utilization status of FGDG and gypsum slag was comprehensively described. This paper analyzed
the advantages and disadvantages of disposal and utilization technology, discussed several problems and
deficiencies existing in their application, and put forward suggestions. Future research should focus on FGDG
minimization, expansion of the high-value utilization scale, and development of high value-added products to
improve the comprehensive utilization rate. The technologies of harmless and resource utilization of gypsum slag,
such as calcium-sulfate crystal regulation, pyrometallurgical wet synergistic treatment, and the use of slagging
agents, are the future development directions.

Key words: flue gas desulfurization gypsum; gypsum slag; sewage acid neutralizing residue; neutralization

sludge; harmless disposal; comprehensive utilization
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