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TR0 JFORL AN s 7 ki, b2 L R X-

ray 9Ot I ( X-ray fluorescence spectroscopy,
XRE) SEATIA T, AR L3R 1, ix & kil 24k
22453 H Fe,0, . Si0, il CaO , 38 14 FH X 5k A7 5
HFiAR (X-ray diffraction, XRD) X 75 #5188 JFURHRY AR 1Y)
Py AT AT, R B E WA Fe, O, , FATT 5
Wik P v LR AR (P 1)

R 1AM ER R H I (B A )

Table 1 Main composition of the smelting slag raw material %
WA Fe,0, $i0, Ca0 P, 05 AL O, Na, O Zn0 Cr, 0, MgO
i 27.2 22.2 20. 8 8.33 6. 81 4.03 3.80 2.37 1. 08
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Fig.1 XRD pattern of raw materials
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I 5 B e T ) B B T AR 3 2 3 ok A
AR BC AR RE | s Tl A< S50 RT A il TR, DT 8 v
BIRRMBEESY I A, Wi R XREF KD 25
Je AT R E R R T OTUE 4o 0.94, % &
BB b e v A 2R B B S R o b e AR
PR I 388 Ao [ 2 K 0 R s T S AN () L 481 ) 4 B
Si0, , B il A [R5 B 19 A= B (0. 94 ,0. 8 #10.7) , LA
A3 HT AN TR0 RE A= B AS [R5 F T 3 38 8 )
Gyl =
1.3 IHEEEHI&E

BEHLN AP Tl A 7= J o Tl B S A, Tl 4%
AR 100 g BT R 3R T i e = E
TR, SR 5 K5 H N 25 C FHIR ZE 1 380 C/
1400 °C/1420 °C, FHREF K 5 °C/min, 155 5 5
TR 3 h DMRIE AR S sl 9 B AR
AR S % CO AT CO, 55 318 JE MR TR AU
(11 100 mL 20%/50% /80% CO + 80% /50% /20%

CO, F1400 mL Ar 4B , PR 58 BUS 57 BP0
KRR 204 Tl 25 B B 1A, SR 5 K V8 ) 5 15 2 1 B 55
PRFI ISR 40 100 HORRERRI . AR 1R
R FARI A, X 3k 7 20 v TR Al 56 T A5
PATAR S A G 22 X 43X b, gk 2 Pis , I8
BB ME 2 Fis,

R2  AFERET BE R BARE 5
Table 2 Specific experimental conditions of smelting
slag prepared under different melting conditions

B b

%
1# 20vol% CO +80vol% CO,R1"TIR + B 0. 94 +1 400 °C
2% 50vol% CO +50vol% CO,iA%4 + BiE 0. 94 + 1 400 °C

TR AT

3*  80vol% CO +20vol% CO,IHHAH + BEE 0. 94 +1 400 °C
4*  50vol% CO +50vol% CO,HEHRSIR + BE 0. 80 +1 400 C
5% 50vol% CO +50vol% CO, G + B 0. 70 +1 400 C
6% 50vol% CO +50vol% CO, GRS + TR 0. 94 +1 380 C
7% 50vol% CO +50vol% CO,HEHRSIR + BE 0. 94 +1420 C

1.4 REEMRKFE

Jertek K ol 2 A5 30 1 3 B A AR R R R X5
AT G ( X-ray diffraction, XRD) HEAT AL,
SKHCHTKUE D3 FIR BE kLA & b i
1) (GB/T 18046—2017 ) X B B 259 it | Fb kAT /2
I, BOBIRRRIE KRR A FEY I SR 5 S
FR ] Rt IR 2 0 30 5 A Ak 3L 77 W e R K )
(GB/T 41015—2021 ) A7 R AE MK, B3R H
BEMESR FH OK VR A b T2 s o 4 T A I D7 k)
(GB/T30810—2014) K { WA E Y 22 Ff 48 0 &

@ 100 H =165 pm,
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Fig.2 High temperature furnace for smelting experiment
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Fig.3 XRD patterns of different alkalinity sample

prepared underdifferent melting conditions

@ 200 H =74 pm,
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Table 3 Vitrification extent of slag samples

prepared under different melting conditions
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Fig.4 Vitrification trend of different alkalinity sample prepared underdifferent melting conditions
2.2 Fe'*/Fe’" fhistefl s if AE AR — U BE b i R 58 A 5 A 38 F R AE, J/mol 5
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YIPIAEERR R  BR A 2 AR 4 IR E AR ik
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SBANZE 4 RN
PO N Iy N e sl = A6 g - MG i =

CO 1 CO, YR Z , Al s (2) , 33U
HX(3) ~(4).

Co + %02 —co, (2)
AG! = —280 950 +85. 23T (3)

\ P /P’
AG’ =RTIn (4)

(Peo/P") (Po,/P")

AP AGY AG" 3 ARPRHEIR BT 1955 A 5 1 ey

R WA RS A8, 8.314 1/ (mol - K) 3 T J i K
P RBRAEIRA AR Pas Py Py, Py

x4 ARUEHSRME TG HRER Fe’ /Fe’* LU
Table 4 The Fe’* /Fe’" ratio of samples prepared

under different melting conditions

MRS P ER/%  FETEER/% Fe** /Fe?+
1* 6. 88 8.59 0. 801
2# 6.71 8.50 0.789
3* 6.05 8. 44 0.716
4* 5.51 7.11 0.775
5# 6.18 8.15 0. 759
6" 6.48 8.22 0.788
7* 6.52 8.31 0.785

BT,
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Fig.5 The variation trend of Fe’* /Fe’* ratio in samples prepared under different melting conditions
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Fig.6 Hemispherical temperature of samples prepared under different melting conditions
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Fig.7 The variation trend of hemispherical temperature in samples prepared under

different melting conditions
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Table 5 Viscosity values calculated from

theoretical model

W 8 (a) R , AR sl IR R HPImA T 20
H Y Si0, 4857 KA 4 TEURHAY BRUAATREE M 0. 94 43
AR E] 0. 80 F10.70, Bl SiO, FimiIIb L 1%

A ) T B g B2 2% EOR B B B AT el 45 266

W ACBEAZ K, DT I 1 i e 1) 266 58, 3 i 3 o 3¢

} Bl
YRR/ C
0.94 0. 80 0.70
1380 0.911 1.137 1.370
1400 0. 843 1.048 1.258
1420 0.781 0. 967 1.158

BT T TR e s A R A 0
Tl BE R UIAH S, I T&] 8 (b) Fiv 7l | 246 B it 4 s o
BER T IR R 4R TR B TR YT ORE
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Fig.8 The trend of viscosity in samples prepared underdifferent melting conditions
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Fig.9 Test resulis of acid dissolution loss

rate of different samples
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T A S 1 102 0 % 5 L A 38 7= e R
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(202002 ) HLya A 2R TR, A5 2RI k&
RIUNE 9 Fin, Keillgh 2 5 0 B, B L5 i
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A Bkt R AT s & A T RRAKK -, Cr T
RSB B AL AL 3 s A N, %A F
JCR KT A 52 1y 3% 368 Ak Ak B 7= g 4 R 25K )
Wl A E YRR

R 6 AFNEHRFA TR A FEY PR 3
Table 6 Exiraction toxicity rate of samples prepared

under different melting conditions mg-L ™'

JEORHRRIS ¥R Bt 5 PRI

s TOLRWE PR LR
Bl (Cu) 0.18 0.12 1.0
B (Zn) 0.73 0.37 1.0
% (Ph) <0.01 <0.01 0.3
% (Cr) 0. 005 0. 002 0.2
1 (Ba) <0.01 <0.01 —
B (Ni) 0.016 0.013 0.2
% (Mn) 0. 085 0.047 1.0

ST 5 A A T A AT B0 Ol 2 )
U  BOVRUE PR T G R .
BRI 2 7 0 D 8 47 A T
CUTINE S OEICE € 3 P T W
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Research on vitrification of side-blown smelting ferrous smelting slag
XU Xiaofeng'*, LI Chong', ZHANG Guohua’, LI Min', CUI Mu', DAI Wenbin', LI Zhibo’, LAN Xin’
(1. China ENFI Engineering Corporation, Beijing 100038, China;
2. School of Minerals Processing and Bioengineering, Central South University, Changsha 410083, China;

3. State Key Laboratory of Advanced Metallurgy, University of Science and Technology Beijing, Beijing 100083, China)
Abstract; In the study, advanced vitrification technology is adopted to achieve harmless treatment of hazardous
side-blown smelting ferrous smelting slag. Various proportions of silica were added to control the basicity of the raw
materials, and different melting temperatures as well smelting atmospheres were set to prepare glassy products. The
results showed that: with the decrease of alkalinity, the vitrification degree of the slag system increased, the
hemispheric temperature decreased significantly, the Fe’*/Fe’* ratio decreased slightly, and the viscosity
increased; meanwhile, when the oxygen partial pressure of the smelting atmosphere decreased, the vitrification
degree, the hemispheric temperature and the Fe’* /Fe’* ratio of the slag system all showed a decreasing trend; in
the range of 1 380 ~ 1 420 °C, smelting temperature had little effect on the above comprehensive properties; the
vitrification degree, hemispherical temperature and viscosity decreased slightly with the increase of temperature;
under the optimal experimental conditions ( temperature 1 400 °C, CO: CO, =1:1, holding time 3 h and basicity
0.7), the toxic substances and acid dissolution rate in the glassy products prepared from side-blown ferrous
smelting slag were much lower than that of the limited value, and could realize the harmless disposal.

Key words: hazardous wastes; ferrous slag; vitrification; leaching toxicity; harmless; smelting slag; silica; acid

dissolution rate



