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Research progress on comprehénsive utilization of phosphogypsum
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ABSTRACT Withythe aceeleration of industrialization, the production of various industrial by-products of
gypsum residuesds inereasing year by year. China, as a large agricultural country and a large non-ferrous metal
smelting country, produces a large amount of solid waste with CaSO,4 ¢ 2H,0 as the main component in both
phosphatefeftilizer production and dirty acid neutralization. These gypsum residues occupy a large amount of land
resources, and thére are heavy metal leakage, the release of toxic gases and other safety hazards, accelerating the
comprehensive utilization of these two types of gypsum residues is not only highly in line with the strategic layout
of the construction of the “Waste-Free City” and the goal of the “Double Carbon”, but also significant for the

resource recycling and ecological environmental protection. At present, phosphogypsum has a wide range of
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applications in the fields of construction, chemical industry and agriculture, and is widely used in the preparation of
cement retarders, quicklime, road base materials, soil conditioners and so on. However, its comprehensive utilization
rate is only about 40%, and there is still a large amount of phosphogypsum stockpiles. It is crucial to expand the
market demand for phosphogypsum applications, and the key lies in the efficient removal of phosphogypsum
impurities. Acidic wastewater neutralization gypsum residue, on the other hand, is difficult to handle due to the
presence of toxic elements such as arsenic, cadmium, lead, etc., and is now mainly disposed of by recovery of
valuable metals and solidification/stabilization. However, due to the complex composition and low content of its
valuable metals, the economic benefits of recovery are insufficient and it is difficult to realize industrialization. This
paper constructs a comparative framework between phosphogypsum and acidic wastewater neutralization gypsum
residue for the first time, systematically combs through the current situation of utilization and disposal of the two,
and deeply explores the mechanism of resource utilization in different product systems and the fixation mechanism
of heavy metals and other pollutants contained therein, and puts forward suggestions and prospécts/on.this basis. For
phosphogypsum, efforts should be made to research and develop highly efficient and low=cost<technologies to
stabilize soluble phosphorus and fluorine in phosphogypsum to ensure that its leachate/meets'the requirements for
surface water class V and above, and at the same time to explore the development 0f emerging tields such as gypsum
whisker preparation and synthesis of new chemical raw materials, so as to expand the scale of high-value utilization
of phosphogypsum and to realize large-scale phosphogypsum elimination. For, tainted acid gypsum residues, the
future development trend is proposed: 1) continue to develop green and efficient/valuable metal element recovery
technology, and achieve large-scale industrial application; 2) strengthen the exploration of synergistic use
technology between tainted acid gypsum residues and other selid wastés,/and synergistically treat gypsum slag with
other solid wastes, and then combine with other methods such as’flotation to achieve the resourceful use, 3) optimize
the application of efficient complexing and precipitating dgents, to reduce gypsum production and its pollutant
content at source through acidic wastewater treatment,process‘regulation, 4) increase attention to the study of the

longevity of gypsum slag curing body, to prevent the oecutrence of “anti-solution” and other problems.

KEY WORDS Phosphogypsum; Neutralization gypsum residue; Acidic wastewater; Harmlessness; Resource

utilization
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Table'l' /Main components of phosphogypsum in provinces (wt/%)

Component SO; CaO Si0,  P,Os F ALO; MgO FeO; Na,O
HubeiYichang,['3] 49.47 3548  7.28 2.54  1.83 0.81 0.16 0.61 0.68
Yhauinan 6] 48.71 3510 13.13 1.13 033 0.81 0.20 0.18 0.13
Hubei Yihua 7] 40.87 3022  6.55 0.67 0.97 0.30 0.02 0.23 0.11
NYunnan Anning '8!~ 3642  28.19 12.03 092 032 0.74 0.14 0.05
Guizhou Wongfu 49.77 4129 599 094 0.86 0.67 0.02 0.13 0.07
(191
®2 SHRAREPELRSE (%)
Table 2 Content of each element in heavy metal gypsum sludge (wt/%)
Element Ca S As Zn Cd Pb Cu Hg Cr Cl
A copper smelter2] 26.0 246 336 017 022 0.099 0.069 0.0008 0.0007
A copper smelter [2!] 2835 1231 856 097 0.04 0.09 0.24 0.03 1.21
A zinc smelter [4] 17.89 1413 009 1278 029 039  0.13 0.12




A lead-zinc smelter [4] 180 1245 0.10 199 073 095 0.10 0.01 - 0.85 0.05

A lead-zinc smelter [4] 22.8 80 010 580 030 020 0.5 0.01

#®3 FHRARBPERTRRLEFME (mg/L)
Table 3 Leaching toxicity of metal elements in effluent acid gypsum sludge (mg/L)

Element As Cd Cu Pb Zn
A copper smelter!2] 1488.66 22.98 0.10 0.14 49.67
A copper smelter 2] 1097.5 <1 <100 <5 <100
Leaching toxicity criteria 5 1 100 5 100
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Table 4 Main impurity types, existence forms and hazards in phosphogypsum

Impurity type forms of existence safety hazard




H;PO4. H,PO, v HPO,Z. PO, Eutrophication of water bodies, deterioration of

P

+ CaHPO4.2H,0, etc. water quality, etc.

. Passes through the food chain into humans and
F NaF. CaF,. CaSiFg, etc. . . .
animals, causing bone lesions, etc.
organic Humic acid and organic Reduce gypsum whiteness, compressive strength,
compound pharmaceutical residues, etc. etc.
heavy metals Pb. As. Hg. Cd. Cr, etc. Pollute the environment
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Ca(OH)z(s) +2H " (aq) = ca®”* (aq) + 2H,0 @
A I 3)
a0(s) +2H (aq)=Ca” (aq) + H,O
< . : @)
aCO,(s) +H (aq) =Ca” (aq) + HCO,
(5)

Ca’ " (aq) + SO% (aq) + 2H,0 = CaSO,-2H(
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Fig.2 Advantages and disadvantages of different pollutant acid treatment processes and the presence of

characteristic pollutants in their gypsum.sesidués
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CaSO, * 2H,0—Ca’ " +S0%, (6)

SS +H,0—~3Ca” " +Si0%; +20H" (7)

GGBS + H,0—~Ca” " +8i0*; +[AI(OH), ]’ + OH" (8)
xSi0%; +yCa’ " +zH,0~C-S-H 9)

6Ca> " +2[Al(OH) ]’ +3S0% +26H,0—~3Ca0 * AL, * 3CaSO, * 32H,0 (10)
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Table 5 Optimal ratios of gel materials in otheg literature

Material UCS/Mpa Ref.

m(PG):m(copper smelting slag):m(CaO):m(NaOH)=20:4:1:4 28d21.3 [45]

m(PG): m(red mud): m(Fly ash):m(CaO) :m(cement)=46.9: 26.5 14.1: 12.2.:10.2 14d 19.0 [46]
m(PG):m(CaSO4):m(SS):m(cement)=35:5:10:50 28d 51.5 [47]
m(PG):m(GGBS):m(SS):m(CaCO3) =45{35k1 28d 39.1 [48]
m(PG):m(GGBS):m(Mn slag)=20:30:50, 12%,cement addition 28d27.1 [49]
m(PG):m(Phosphor Slag):m(Cement'Clinket) =20:72:8 28d 43.0 [50]
m(PG):m(GGBS):m(Ca0):m(NaOH):m(Glauber's salt)=32.42: 58.3: 4.48: 2.5: 2.35 28d 12.7 [51]
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2 FLIE RS W PR ) (PCSH) N\ W% MR 75 RT3 3k 2 BR IR IR v Fe2t,  FLMR B ALEE G ] 4(a) o o
PCSH &% O-Si-O. Ca,QH FNSi-O %], Hor Ca>™fi i 5 Fe? KA 755 He, BEIRUH) OH-
DA LE AR E T AR A Fe* LR Fe(OH);. A, Fe*4: 5 0-Si-O. -OH fll Si-O
S R AE B 48 AN 2K, Fer 18 =4 rp 25 B LU b A i RS e A7 1E

TR RS i A0 o= ok A B LA T il T ok, BIPELT . 9RE M kee, N T
IEARRL S OMRRESR(nERL ., AR AKUEEE) . EE BRI IR K A B AR ATR7O-8 10, D)
T8 B OB £ B R AT i 202 S I A v P DB R FH (3 22—« YL A7 (8210 Linl®3)
SR BRIFEAE, B, KRR NRIEE SR o- KA E. A, ZHEAT
TE V4% T3 e R R PS8 TR R VR A B A R84, X 55079V P s IR0 e VA VR AR e 1 TR oy ) A
T IEAE BT BN FRARAKIE B, AT A B MK Ak o 38 % B AS ] R A R 28
(NaNO;. KNO;3. Mg(NOs),+ AI(NOs);) FASZE Skt (Bl 4b), NaNOs 7E{R 3 R
A B K A AP IRBUAT AR o- Bk A B TR oA 3 . B B R 1A 1 et 77 e
g im I S EAEA, (2 o HH #Y ¢ AR, R H B R, Ml &0 W E
4(c)o IINH FEIE 5 4 10 a-2 /KA B RS L B 21 N (& 4d), (H RIS TRAIEI 7 A in £ 25,
B 7 A, HATU AL TR = M B .

SRIM, A, RIMEEAR, S5TaRZE SAH LA AR TR, 3 LSl
BALTHA . AR, BEA B T RI2 R 2 R AT IR R . SRRSO SRIBR 2 Tk,
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ion exchange \,oo oty ‘éc], eeeee |
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DrFe QF D @si@0 QH @CH i
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IS 73 Hr17)
Fig.4 (a) adsorption mechanisms of PCSH [78]; (b) Effect of different facto
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isker preparation; (c)

Preparation process of a-hemihydrate gypsum; (d) Micro-morphological analysi repared samples(’]

2.3 R SUH LGS FIA

WA E TS ELMEYMERFTYLFHR Cay Py Sy Na % UL R A WL AT He At 95 B
gy L, BB EN— R EE R INFIN R PANL SR . kA, A E S HNE
FOB TR T e R L () AR, IR A B f 51, AR RS T i

PEAEAFIR . LR, A E KIS 77 fECk R IR, ™4
SEEFSTE T T WA E A KA A it AR GERRMY, AR TE RS IR R Ty T T
RNAER, WA BRI LI W7 o AR s S AR KT IR I A . P LA it A A=
I i AL A R AN Ao 7 70 ) X 2R
WA B I Caid i B Nat, FERCTIH 1) NapSO4 FFitkie th 35, Mifi
R e NI S e WACFESE, o4 R ERBR 8], Huang 58978 25 b Ehmit b xoh K
SRELHL . ARBHE 10 AE HL %%%ﬁ%%ﬁmﬁm%ﬂ%wmﬁmﬁﬁTm%o%%ﬁ%,
AN EE 7K FE o e A A é%%ﬁE,WE%E%ﬁﬂ%wmémﬁﬁ,i@ﬁﬁ&ﬁ%%
RPN D N 1) i b= 1770 VA 7wk

fEJE, A - Mohssen SEOE T T A B 5 ootk A R B 4 B G RD 5 -3
sz, 5 RBREFIEAR L, AR SRR AE R A G, WETIEE A S &
3 4R 5 12%A01 161.45%, A 808520 mliRE T 89.49%A1 102.02%, /N &

SAE R T A1 86% M 58.55% . ZITIEMCK S TR LR E AN Ty, ST A
BE5RWEH R

g PTd, BEAEE RS R P EE RN AR, EF S 2, B R
(F)Z 4 iont H38 . W BRI S o . RIS, NARPE(EY) AN IR A H i,  DASE
PURAEEROR . AL, TEREAE T MRS, NS A E R &R OB, b
1R DR B TR 25 E AR N R S 805 e Pini o, B —IRI5 G,
24 BARRLTLEEAR

WA B AR B LR . SRR, AT ROR AR RS, SRFHRIA
K, HOMEGURBEAE P E . FinREEtk. BT, BEA AP R
Y RNERT . AL B RO,
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24.1 Yk

VIR A B BRI B B oK YE. BREERIZE S B RELD . Kk
TE RN BEEMBRAR T2, TPERE D R A E &S R BRI R 2K . Z5R
BAT ARG, TEBL TATME R 2 SR10, KGR EAE R =K IR, I BAREH PR
I BRSO REIR o VIR VE B T8 A8 5 A PR TR M 22 5, 383 Ve 24 771 i 4% i
PR E, THERTEBRAGIY. A ntE2 . Fang SORH “HPFik T8
R PFIEILBEAAL) 206 - 1ETF 1% 70 B A 08 i meEwE A 8 1 E N 33.23% 57+ 2
63.42%, ZHJE M 83.90%F2 i F 96.70%, [BIWCERILF 85%. (HIFIEIZ0F BERR £ A1 AL ) (1)
LA R, BEIETE SR BB T B A . BRER L) 3 A A i T
FENTEEN, @SR A S A R By, (T A0, (HEREE A
ARSI ERRRE S, B TR UOKEERAR . REWEE O A E B
ZRF, A AR RBRAE VA IR, BT R MK HE . 25705k B, SR TS Y )

2.4.2 1h2E:

HHT, BEA A AR B AR RO 5 22 1) 5 1 R R AN S BRI NI g Ay d ik
AR AR MK EREY RS0 A EIRE, (ST aEsE, SR o 1 Eh s
ek, AR N anE(11)-(14). EiZFEELEBRE NGO, B E 1. s
TEIZ R TTEAE S . SHHANEAE, REEIEERR . <SR TR (CeHgO,) 55
2 IR IR RV, ARSI BR4OS) . A5 g e R 2 ORI AT R R AL PR A
fERERE Eh . SR 0T A KV P o T 22 B, I antaXy(15)-(18) . RTM, 1% 77 75 A8 F i
kA, BALSRZG R IR R & G A 77 SR /SR BE A 3 1 o

11

Ca* " +2F7 ~CdR, (1

12

Ca*" +HPO?, +2H,0=CaHPO,.2H,0 } (12)

N 13

5Ca’* + 3P0’ +F —Cag(POy);F | (13)

2% 3- - (14)
10C% %4-6P0O?, + 20H " —Ca;y(PO,)¢(OH), |

GgHgO, + 3NaF—~Na,CH,O, + 3HF (15)

2€Hg0, + 3Na,SiF,—2Na,CH,0, + 3H,SiF (16)

2CHgO, + 3CaF,—Cay(C(H<0,), + 6HF (17)

2CHg0, + Cay(PO,),~Cay(C,HsO,), + 6H;PO, (18)

P,05 + 2CaHP0,.2H,0—~2CaP,0, | + 3H,0 (19)

2.4.3 HApHE

WA B AR B A R BB T2, AU BE BRI A WL, 3 mKg w7
Fo L A B IR ER OS], (RIRIN B (<<200 °C) DAJE B /K 78 R K i /3 45 i A B
WIR TR WS R E e T RE: REM B (350-800 C), BEOENSMEE,
WRNEERRIR SR, TP K SiF, 8L CaF,, AHE A0 miEME (>800  C), Mi&N
P,0s 5 CaHPO4 2H,0 N A= BOHE [ FEBEIRES (CaP,0O,, KMANE 19) P, AHE T 7K.
TFIEE AL TTvE, JBeevk (e dL i 50k HAR AR . (HiZ T ZREFER A, Hagheit i
R KBRS AN K KA E, FEORLALBR RGN, s msAs, s s Mg,
TR SZBR
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2.4.4 FAE A

AR, VS DRSO S S BOR R AE HOMRR L5, OB B At
AR TR A AR AR R AR R ARIE S5 S0 0TIE , AN SCELE . S5 2% i
(I 2 o AR NSRRI, B IR £h 04 IR B8 T I8 R B R Ca2ty 8%, & BT RN
AIEPERE . RE SR ORI, SEILRRE k. Chen ZE08IF SR, 20 FEREv]
I 7 WA ER Y SR A T TR R, RIS B AR R AN RS (EPS) W
AR, FERIAARE RN PO, T Ca? . PRV R E A KA (Cas(PO4)3F),
SERCGR A A 2 o Xiang 2R RAEYS SRR UTE (MICP) JEH, JFR T AWM
Beike BT YN IREEAE AL IR 20 P~ R 1) COs>™ 5 Cag(POy),~ CaHPO, S5 e 7 14 fif 5 44 R
SN, JER CaCOs - HREUTIED), [FEIREETH POL ™ FIf5S HYSE &4 BTV ) HaPOL AN
HF, il Xfk., o, “MELSEE FEMNE TS T 5RO A AR E 128 kR
ERUTVE, SEILE &8 I S M S . VA B R — P BRIR B,
BARAT DUR I st S M H Ak . AL 727 AR I s e el 3, B A N FH AT T
5 454 AR 8L e PRI B 1 o

YRR T B S LRI SR T A AT I e e T O BN T 4R 1Akl
R ] T AR A 0001, SRR SO S H A v - 2 S ) R S 1 P 7 e A K e
T, RILGIK Si025 y AHGNK AlLO5 RIAR /N AR T L 2% i S MR P n 7E Ca (OH) Bl 1t 34 355
H ] PR 5] R AL A3 KL K OB RO AR, n3X0)-(2) o AR BB P T B =
YRS, S5M0H I SR v BT, W BE T E R B Gk R .
[FES, GRARHE R B FLRR,  3E— 052 i LR B0\ JEAE S5 O S S A 2B A (GOD
XA B AR I, GO I8 N\ AT W38 G in B 1Bk i (a) . [RIRE, R+ &
1) AU R A5 B B T RS A IR 208 R S BEL R /K 23 FIAR A o3 (1505 18 47
TR T34 LB AL I P A 22 A= e T o KT, S BT A K DRHE B B i AR 1 B FH I 94T
TR, REMERUR BN KRB

73kSi0, (75 1) + Ca(OH), + H,0—~C-S-H (20)
ghky - ALO, (1) + Ca(OH), + H,0—~C-A-H 1)

24.5 KT

LU T TR IR DMIREAE BT . 3R 6 FHHME G i 8 TAL BE 7 V%53 ik
17 1 &BFZHEINT . EMIFINETTI, IGBUKGE-FFEEE T2 T Ut kN DA
FAERHTN G it IiE 1688 fit A M, REFERRE AR K AL 15 % I D) 28 DL KB AT I ]
TS BB 5@) ATRL K UE-TF %R AN B 9 IRRRE,  THBRGE2: I RE AR A X B o B S AN
BUEA . BN IR G J70@E . A8 AU P A4 B = Fh A 38 5 7%
BEAT T VA (B Sy S, P FREAE A B SUR ER I, (R AR i B HON IR AT
R, ASRPLARZACERAS s AL 735, IR AP0 10 5 9 KA ek e ik S50 6 Ak
HEA T E

+6 (REFENEFIN

Table 6 Economic analysis of traditional methods

Commodity price
Step Items Dosage Total
(RMB)
Water washing water consumption 4.79 / m? 4 m? 19.16
Physical process
Quaternary ammonium collector 25/kg 0.44 kg 11
flotation process
P turpentine 7/ke 0.53 kg 3.71
water consumption 479 / m? 3m? 14.37
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Energy cost 0.73 /KW-h 16.5 KW-h 12.05

Cost 60.29
Commodity price
Step Items Dosage Total
(RMB)
citrate 6/kg 30.93 kg 185.58
Chemical process surfactant 29 /kg 1kg 29
leaching process
water consumption 4.79 / m? Im? 4.79
Energy cost 0.73 /KW-h 11 KW-h 8.03
Cost 227.4
Commodity price
Step Items Dosage Total
(RMB)
Heat treatment
Calcination process Energy cost 0.73 /KW-h 450 kw’h 328.5
Cost 328.5
Cost,
(a) (b) 3 | Physical process
energy cost agent ‘Water consumption o l—l Chemical process
Heat treatment
268.21 i
Physical process "'
suitability Process simplicity
101.1
Chemical process | e "
Heat treatment
0 50 100 150 200 250 300 B350 Fhyironment friendly Purification effect
Costs (RMB)

B 5 (a) RHEMA; (b) ZAEITAELHETTE

Fig.5 (a) Processing costs; (b) Multi-perspective assessment of treatments
3 RETISRAEENTERERSLHE

BTG RAE T PUERES % T 7E 80% LA b, HieaE M R B M, HEHA A
BRENAFETR,/ A ENIAEG, BT aEY . Bl 32 kA7 k&1 ik
B, TEFE A BATEIEAEF]H
3.1 S AEENRENE

AR, A5MRA B R B PAEDE R [ Ea T, A B W B A 75
THEAPEEE Em . Ak, Z2EANTFHEE FRAAE R, TR RS RAHE T
2 MRS b R SR B H s V5 R A B B F= A . Zhang SRR 43 5 U e 12 A BRAR 1A 1k
J RIS R K, B I EALES IR OB pH, 3B AR A B T ARG (B 6a), B ] A
SRS I T 47.0%. BEJG, FIFHTEREE ik o B E S (Fez04) XTRfIES i 3E
ITRGEWALTE . 7£ 500 °CHrGefE, &7 2k B 1 BUER S H 4S B 1, JEM I Fe-As-Ca-O
WEY), MR HERER 2.71 mg/L, XBREHbRE, BEARRAEWE 6(b)N.

RIS EE M, J G R A AR RSN OS5 R ) R LR YT
UTHE, B JE KBRS RD — I RS W B R ANE AR B AL J5 W, 20 A B RS
FIRKHFNEN 24.94% . ZMBUOER S - AN, Bifh . B =0T A . HEJR
BEAAERE. @I EKFH A Fe2 A bl As*. Fe¥*, FH Mg(OH), 77 pH, JTVEH
faE ATREL . FEJE IMABLILEN, ¥ Cdy Ni. Cu &4 )8 Uitk i \oiie . e A
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FLE BRI, PR RS A B REER IR IE R AR S AN 2 BR T A S
EIRITE, FEE MR AR A R AR R YE 7y, FIR A — D KRR I B
JEE T

RS RRAC BT, SKBUE R IR A A AN RO 1 AR R HE )
FEJ3, AT T RSACHE HEBCRUS AT A . Rk, ARORRRET Rk G s
TR, 8RR METS K A B R (RS HE A2, AR SKBLTS B 2B 5 BRI
RIS, AR E PS8, N AE .
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: i/ ?

| s b . /Arsenk‘-(‘m'rlum
— I\ —
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1
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1

1

1
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containing wastewater —

Stage 1: Primary separation product | “fmimizearsenic- 3 [:h: /

containing wastewater

Pre-parified WW
_____________________________________

(b) Minimization process

| Calcium
i . precursor

i Raw water

Sulfate removal

Calcination Stabilize waste
Arsenate rrmuvly /'A

P Wastewater Clean water

Il caso, 21,0 Wl CaHAsO,2H

A As-Ca-Fe-O
,Si0, complex

)

B6 (a) fiFERmIEGE E’Jﬁj\g%%é) T 8 PR ik A 5 S E AL L L 03)
Fig.6 (a) Separation process of gypsum slag and calcium arsenate slag; (b) Reduction and stabilization

mechanism of arsenic-bearing calcium wastes [10%]

ﬂ
3.2 SERARENAEIRK
SISO TR RS AR P Ao, e, BB M. HY. BLSEouaR EE IR
A, BCE R 8 PR R MRS I . SEE AL A EEALL, SR
B[S BE A 5 A RS FEOR I SZOR . HAT, BTk Z Ak E i
EELLORES EARITArN TSR IS
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B7 (a) SEAFBIEHEMEEFENEIRD; (b) ULTHRERER AW R 17K A B A B R 4RI Cr 1L
HH: (c) Prék A FFIE Y SEM ; (d) Cr 2p 119 XPS [i: (e) W VR Cr 280K Rit-J:ppaeia
Fig.7 (a) Selective reduction mec f Zﬁ\containing gypsum slag *1; (b) Mechanism of Cr extraction from
gypsum slag by hydrothermal 17%{ sing persulfate as a mineralizing agent; (c) SEM image of chromium-

containing gypsum slag; (d S speetra of Cr 2p, and (e) single and cumulative removal of Cr after washing [112]

K I R ,;s T AR, SR R R R RS B I 428 . Zhang %

BONE I X5 B A <;%,%nmﬁcamﬁﬁ%m@ﬁm@,m®ﬁiwﬁn@
KTt NIRRT BN =AM B (E T2 - B, AR

& A CaS, m%$&2ﬂ,@oﬁ%$&cwm-ﬁw,@axﬁ%%cw,g
(R A=) ZnCa0S; )5, ZnCaOS iBJE /i~ CaS Fl Zn(g). £ 1000
A1 60 min &1E T, 95.5%[H) CaSO, Al 94.8%M ZnO 43 H#44k A CaS Al
Zn(g). HAET, VFZWAE LKA EBIE 0/ 1) CaS 7= R T R EE . F etk
il 2% S A6 I AR A0S I 7R S5 A0 07) . Beerl 18I Tewol! 945X 44 B 1 340 J5L 43 fif 7= £ 1) CaS
BEATAKARBRAL, #4H T mAalFE CaCOs. BRALIEFEF N HaoS(g) I it CaS (AR, H
ST RN (22)-(23) 0 X AR HoS()EAT A AL PR RT ) 28 PR, S5 AR AN 2
(24). Pan ZEMONR] FH HGE 7 AR ) CaS AR A VE RIGIER, SHYVE AT T H0E
) PbS, &Ik 70.89%, [FIFFE]F= 5 CaO W BAR—Lei& v | slva R A 7l SR, kik
Iy RA B RERR R, TEMBE I R R AR IS R R O A R L R DT, s
Brakad o

Cas(s) + H,0(1) + H,S(aq) —~Ca(HS),(aq) + H,0(1) 22)
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Ca(HS),(aq) + CO,(g) + H,0(1)~CaCO5(s) + 2H,S(g) (23)
2H,8(g) + 0,(g)~28(s) + 2H,0()) (24)

BN RERER, Bkm, TERCAEBRE N SR mEARKE ), HEE
eI AR VRS TREE M SR NAFE R B k. T RS0 E
FIBC S Ve, Bt B b A A Cu(NH;)2 . FERUKIKE N 80 o/L I, 4@t
Ik 91%. Fifif5 H NapS WUTIE Cu, YIEFRIET 100%. Liu S22 A i i B2 £h 7K #
ERINRI T A BB Cro A4 mATES, Cr b CroO2 FIEAAFEWE Ten d). W
JE KA B, B0 S (] Te), 0 BRES o AR 1 A B R HURIIORL Y 3 o S AR R 2h 4
ft HR1 SO, TEFRMESME N CrOo2 #44L Cr02, FHIE Cr i S5 A &S A, H SO
TR R AR AR K (B 7b)e TEREESRME T, KuS:08 % Cr IIFRHCRIA E] 99%.

AN E S CLRIR IR [J7EE, Xia SRR T ICA AL HRARE kv AR B (1) 5 7
DA B BRI VR I P 4R . AR AL, TR R Ik TS e R X — i R
H1, CaSO4 ity CaS, . BRAMYIME/GIEH A CaS KRR AEMRLA(E 8). kb
HJE, B As. Zn. Cd. Cu [MiZ HHEMRE K. SR 8 AR MR s &=L iR
i, HAm SR EIE 20.9%. KE ZEN4900Z8 HE NERIE, EERESHI 55 & Zn A1 Pb
5 IR A B IR A Witk ERESIET, Zn Al Pb MIBAL K0 5AF]82.6%F1 95.6%, T
B R PbS AT ZnS,  FIE VR R — D RIS AR o

REERABEE SEMN, HRNEEF TR OIS R R bR it
bb, BM&REZE B EIR, FIOEE R, A&, SEB Ttk M. Fik, JFR %k
R RIS A 2 SE B P Ak B FH S o/ B ST 5 3R 2575 R A 5 A TR 1 P
FIFIFH, By “CLRIRIR” HIKRIE.

CaSO, < s

e ¥

: & "v'.\ ~ fayalite '
| Fe,0, «fa NGt .‘ ) e

l-cA],O,‘ ~@® @ 7

l ("0‘;“ * sy sla
: - y gla\ slag

| @ CaSO$)% 2CIs) e CaS(s) + 2CO,(g) >178°C,AG <0
@ CaS(sY KFezO08),— [FeS] + (Ca0.Fe,0;) >972°C,AG <0
| CaS(s) Y RABOY(s) + SiOy(s) — [FeS] + (Ca0.ALOSi0;)  25-1400 °C,AG < 0

\ @ Ca8(s) +\(Cin,0)(s) — [Cu,S] + CaO(s) 25-1400 °C,AG < 0

B8 G BREE A AR AL B 13

Fig.8/ (a) Sulfidation mechanism of Cu and Fe oxides in copper smelting slags [11%]
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Fig.9 (a) Effect of precalcination temperature on arsenic leaching toxicity (TCLP) and weight loss; (b) Relationship
between compressive strength and precalcination temperature; (c) Relationship between arsenic leaching toxicity
and precalcination temperature; (d) XRD"profiles after curing under different conditions ?1; (e) Effect of binder to
arsenic sludge ratio on arsenic,leaching toxicity (CSLT); (f) Effect of binder to arsenic sludge ratio on arsenic

leaching toxicity (TCLP)}?!

3.3 SERABENEENLLE

15 W A BREIC S Ab BE 2 i AR e BUE MM R B i A, BRAS A FE 0 &R MM B T
B 51 B SGIER Z r EAARE . 2 HA R KRS, A B R R
6T B Al A A B FEF W R . LI SRR oK L AL b, 3R X S i s
BRI BUE As(UDFEL Y As(V), S8 amfm ) LR . BEEIRE T m, MrRH
BRI PR, 700 °CHY 5 R 4.2 mg/L(B 9 a). Mke)a Fi/KURIE A, AT I 25 52 oy [ A A4 i B2 b
R B EEEE 9 by o). BbAl, TUBEIERE AlAsO, Fl CayAs,O7 TR 9 d), #EHEk
W B2 K U [ A 3o R = 2B O REBRA Bk b, SE DS e B RS AL B o AR RIS E L
FEZK YR AL S i B R R R I BN . AR . BRAR A R A O RR
WFFE R, BEIOR rT S m AL BRI 5R R, (B W B A S E A 55 . IR i
ASTEMNN AsS, BRI REREE, BEOREL SR . BRE A X AR AsSHI
BRI BAE AT D K VR WAL AL P, SRR A RE . SR, B A
HEW, ART IR, FHRBRY A 2 AR B A B 5G] RV KV 1AL
OB, (BARAEARRNK S . AR RRA R FRYI TR AR ), (R K A
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TR Hp R B K B AR

HAT, YF2HFT0E U LAR B A A A5 B A B s AT /R e b EE . ¥R
WRIPE s Sk BB FITCE TSR, B BRI TEN 1T, n] T A SR
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