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Abstract

In this experiment, Al;0; was adopted to modify the stainless steel slag and the effect of reaction
temperature and pH value of leaching solution on the leaching behavior of Ca, Mg element in Al,03
modified stainless steel slag was deeply discussed. The results showed that Cr gradually enriched
into spinel phase with the increase of Al,O3; content in stainless steel slag. When 12% Al,03 slag
was added, the enrichment degree of Cr in spinel phase could be up to nearly 100%. The leaching
results indicated that the effect of temperature on the leaching behavior of stainless steel slag was
not obvious, while the influence of pH on the leaching behavior could be obviously observed.
When pH value was 2.0, the leaching rate of Ca, Mg could approximately reach to 70%. However,
the leaching of chromium occurred. When the pH value was greater than 3.0, the weight loss rate
of stainless steel slag and the leaching rate of Ca, Mg basically had no change, and the leaching rate
of Ca, Mg was nearly 30%. The leaching test results of large lump sample showed that leaching
source of Ca, Mg was mainly from merwinite phase in Al.03 modified stainless steel slag, while the
glass, melilite and spinel phase could exist stably in leaching solution.
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A SEH R ALOs X ANFREHATER, HHWTR H BB EANpHN R AFEMNE Y Ca. MgILRREATH
R, &RRY: BEEABWNETALO:;ZEBNMN, HBHARENRRBAHESR. HAL0:T
BiAR12%0, HERBAHETHNEEEREEL100%. BHERIAA: REEEXNSEAHRERR H
ITARHARE, TIREBEpHN AHNERRHTAEERENR M. ZpH = 2.08, Ca. MgIm&RM
BRHFZIL70%, EEFHENEH. SRHBpHKT3.0, FMENEKRERNCa. MgImRIRH R
ZUAK, Ca. MgTL R FIBR M RFEEEI0NES  BORER H SZHR P AL O3B A FHNE & B Ca.
MgEEZRIETHHMEAM, MEBM. BRAHEREAHAERRIETRE.
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1. 5|

CO, JaHEE H Al 4 tH S 3L 7 53 1 el /&, 110 CCS [1] (BRA #2553 77) BOR B i oA A =2 izl CO, HEL
WA R, B[ 5E WA S IR AL 2] 5 DI RR AL T BN e s I ] 2
CO, (7%, TR S L Ja 7B R XY R 2 T AV Dbt 7= i N2 F2E 35 3] [4] [5]. AW i T35 K ER)
CaO H1 MgO 5B I A, AIT 2 a3 53447 . Shashikant [6]8F 78 1 #97# -H ) AH KV i & CO,
BT, SRR RN RRIR AL RS SEEL COp A7 A 205 2o Teir [7155 R FIAREACE: RIARD ) [A1 4%
BRI AL ] € — AR R B, AE—E 26 AF R W SEELS ) 58 &R . Kodama [8]55 47 i PLAAL #- 20K N
WA, HBA R DR A (S T IR, 9 A T [T AR A

AN SIE R KA, HEEH —ERE, ANERA S8k, e caet E5E
WNEAAAERRTE R . TR AN FANE B 2 — AT, 75 Z0HI a0 . AR s TS
O AR E PEAA R K AIREMA[9] [10], STHRE Hi 2R A A G AR RE [11] [12] [13], A AEAENVE A 4s o 5
TR A I AT SEBUAR AR AR B, EAEANER Rl R, AR AERIE AT, S Ca.
Mg JER AR M. FIRSUR LETZ M TERZITUERTAMAUTik s 5%, & FRiE el H iR
TUEERANTER[14] [15]. ETLLEBIRE S, HREH —FREOAEAHNER TZ: 1) mikdln
ANEEHRE S PR € 1) B S S AEE: 2) BURAVEANA Ca. Mg BRI & CO, i AL [ 5E .

REHRI ALOs BUFIATEINE, LASKBLB AR E R h]. I TR+ R R HE R, R
Al Os BT AN 45 . BAR TR IR AT, JERIEMSLIR s . BT IR B, e s
SN GEANE (R BER A S CO, IRHERR (i — o ¥ L

2. SEWMETTE
2.1, SEEEPPRL R
LI R CaO. MgO. SiO,. Al,O3. Cr0s. FeC,0,-2H,0. CaF, S5 4k 2 41 57 & ity AN 5 4
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#, Hrh FeO LA FeCy042H,0 MBI . SKIGFFUETHT, 730l CaO. MgO. Al,O5 %4E 1000°C %
‘}:&i% 1h, U\Fﬁi\b%ﬁj\*ﬂﬁ}i@?ﬁ, SiOZ\ Cr203‘ FeC204'2H20 E 110°C %'ﬁ:‘F'f%/ﬂ%. 1h, U\fgfﬂ?fﬁ(ﬁ‘o 'RQ
P R Va S B (1 B8l 5 (CaO/Si0o) N 1.5, IR B/ e 1 Ffim o

2.2. SEWBR

1) SEEG AR RCLT Y 15 g EFERON BV IR E T MoSi, sl n#. FHEZ T, B 0.5 L/min
AR NG, PRAET N BT U a0 I FHIRLIN#4 ) 1600°C Ji5, fRIE 30 min, i 56 4> 4%
1k, SR JE LA 3°CImin [ 2] 1300°C JE /IR 30 min. SR /5 DB FE A W ELH, JRRON KA H1. FIH
FHiH 8B SEM-EDS Fl XRD X 4 URE (1) 2 45 44 S T SBEA T LSRN 400, T 45 & X S 2Rk fg 11 (EDS)
XX A 5 AT 3T o

2) WRHL 3 g AP BR(1) B ) 3L, B ES IR E THER S, FFEm A 100 ml. 3 mol/L
S B, ISR 1 3 pH 9 2.00 3.0 M1 4.0. SRJHRE Btk a2 H it Hs 22 200 rpm, SZHTE
FE53 7749 30°C. 70°C. 80°C. 90°C, ity E A 60 min. SLE05ERUE L gL, 45 3] 0 I8 %
ANHETFHRET, REmE, it EIHRE. FRJERER S 250 ml, FRH B A S S TR R 8
AL (ICP-OES)R M€ 1 Ca. Mg, Cr iR & & . BRI T £ Wk 2 Fiir.

NT RIEAFED SR Cay Mg JCERIZ AT RIS, SEESHE R T B 5 PR A5 40
BET pH = 3RHWEF, KFLLh &, ARBEABHEREE, M5 RA SEM-EDS X %45 /i 17

Table 1. Chemical composition of experiment slag (mass%)

1 XRBEHS(REBSEH)

No. CaO SiO, MgO FeO Al,O3 Cr,03 CaF, W
1# 45.6 30.4 9.0 3.0 4.0 5.0 3.0 15
2# 43.2 28.8 9.0 3.0 8.0 5.0 3.0 15
3# 40.8 27.2 9.0 3.0 12.0 5.0 3.0 15

Table 2. Experiment program of leaching test
T2 REIWAR

WS R pH EIrC
1 2.0 30
2 2.0 70
3 2.0 80
4 2.0 %0
5 3.0 30
6 3.0 70
7 3.0 80
8 3.0 90
9 4.0 30
10 4.0 70
11 4.0 80
12 4.0 90
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0T, BB T Ca. Mg FXRRHIE R
3. GREITE
3.1. ALO; WA FEWME PRI T ARIFM

R A IE P RN S MR E M. R A M REFEF, BE+ MgO. Al,Os. Cr,03
SHITCMHEAEHERE GHREAM, W AFR:
MgO +Al, O, +Cr,0, — (Mg)(Cr,Al), O, 1)

MEHAT DU H AR I oA T B 2 1 A 4 76(MgO) Rl = A7 2T (ALO3. Cr05) R BT
o PPEANEAE AR N ALOs, T2k AT AR AT A o

B L BT N ANEARE I B T, R 3 OMIERE TR S IAHI AR IR S5 R, 18] 2 B REM X SFRATS
BRIt P 1(1) B2 R 2 mIn, AR el s A A 3 A DA AR A ARURT T O A A o TS R PR R )
WRAFE TR A A A3 fA BB 54T 0.42%0) Cr JoEK, XULWIRBUREM: N —E &M Cr i1E
TWA . 2 ALO; FEIEmE] 8%, ANEEENE NI VAR KA, WA ARAEA — 2 21
CrJGE, (HH 4 VAR FREE] 0.37%. 4 ALO; 118 BE4RLSENINE] 129%Hf, M XRD 2 #raf %1, it
RSB H T KBRS AHM, W EDS 453 nT A, A8 & 4 T Fase B4R s A A R, i YA R ek
i S A R AT R DU B AP AE . SRIR S5 AR ALO; AR & R MBS IIRAZAT N, (RIS AR A S

Figure 1. SEM images of Al,O; modified stainless steel slag
B 1. ALO; BRI B $R E

Table 3. EDS analysis of 1#. 2# and 3# slag with basicity of 1.5
3 WE 15 BHERARMET 14, 2#4H0 SHERERIGEIE 2T, at%

AFE LN Ca Mg Si Al Cr Fe 0

1# WAH-1 21.43 3.22 14.08 3.39 0.42 nd 57.89
RimA-2 0.60 13.10 nd 443 24.60 nd 57.26

WA -3 21.74 6.20 14.70 nd nd nd 57.36

24 WiA-1 21.79 2.72 12.79 4.67 0.37 nd 57.66
REF-2 nd 13.04 nd 7.35 2222 nd 57.39

T -3 22.23 6.41 14.24 nd nd nd 57.12

3t TAH-1 22.22 3.26 12.35 2.28 nd 2.94 57.25
RimAa-2 0.32 11.71 nd 10.88 15.00 1.45 60.64

WA -3 20.28 6.46 14.39 nd nd 0.22 58.65

WK A4 15.90 2.78 9.33 11.57 nd 0.30 60.12
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Figure 2. XRD patterns of Al,0; modified stainless steel slag
B 2. AL,O; RN FIRIERY XRD 757 El1E

o MIE 2 Fron iy XRD ATH EE 2 Hrel i, SO0 e A SRR T 2RO SO A SRR AR A,
1M Ca Jo i £ EMAF T . S0 A A Ka A, Mg Je R TR A T30 SR o 4 A o
KA.

3.2. AEMERYHREOBRRITA

s LRSI AT, ABEE S Can Mg JTTER FIAE T2 MYIAHT, 1 Ca. Mg MIIRAA IR XS R
HAT AR KIS, N T RAE S YR KISV AT, iT TAE 2RI 2 it 5 i T A
A T AR RIAREVE[16], Wl 3 Frs. AR RTCUE Y, S50 A S B B S AR AE K I h oS
T IR B B B s A R S A . TR pH /NT 4, GBI AR ORI B RO A R R B
KA SRR HARAE SRR VR o R B I, T ES AR S KA ARERR VRIS 2 R B

3.3 FHMERTRMBREITA

331 RENTHRERHIT R

K4 R AR A R AR R R AR S, IWER e A, EMHE pH &, =
SNRIEM 30°C T % 80°C, AMENE AR EREHIR KR mA €1 ETh, HEAYE, SRk
REETHR R 90°C, RER LT ARAEARM, VLI N A KR A W R A2 B .

3.3.2. pH WA FMER HITHHIF W

5 Fr AR pH X AB AR 14T VIR, MR AT DA, 2R R pH Dy 2 I, B
MIRE R, KRERIET] 44.83%. B, Ca. Mg IR Z 7500 72.36%. 65.19%. {HE R A& 4 W]
RAR L, BB R EEIAF] 15.8 mo/L. SRIn S5 REWIFEIZ AT T BIREEA XE Ca. Mg TR
R, EARTTERIRE I, R AHT S gl AR T AEIE R SRR . 2R Ml pH 9 3
FU4 W, ANSEERVE 1) 2% 52535 20.33%A11 19.00%, 1XFE W] pH KT 3 I, AEEMNE IR 14T 8 LF
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Figure 3. Leaching behavior of each phase in stainless steel slag
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Figure 4. Effect of temperature on the weight loss rate in stainless steel slag during leaching
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Figure 5. Effect of pH value on the weight loss rate in stainless steel slag during leaching
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WA R, Hor, Ca® iR R I 30.60%. 24.59%, Mo> HI¥ 451 29.32%. 24.69%.
BT pH = 2 64F, M Ca®*fl Mg?M @ R A BB T, (HAGANE PR AN R AE L, &
EIEER, Hk, fEARSZIG AT PR pH A 3.0 (1R I E N AL,

3.4. BRHEHESHT

NT A Cay Mg JuER IR LI, BAFIRZM Ca. Mg aRIZ IR R . AL L 4
W T AR AT S VARG MR AT . ] 6 B AR 5 ALO; U AN EE AN EHIAFELE pH
3.0 MR MR PTG R B B o BT UE Y, WA SEANE R R IR TR i, A5
RS A . 4567 4 1) EDS Zp a5 Rl an, B3 g A A R R ™, YiAE
Ca JLE & & U FA%, FLALT0 R 5 3% AoV A AH (0 2 R A I 2 R AR Ak o T A AR (AT R R 2R B
AR B AR S IR RS 8, Cav Mg S50t L P AR AR . 18] 7 Fos ANV NER TS 1)
XRD K. MEIH AT U Y, 38K AH RIS A R AT S G i B AR A AN K, 1T 345 A0 A R PR 7 S5 i A
Pl SEERSh R RMABEEA . B A A A M TE A LI S5 N A S ARV R, S008I
2 T Cay Mg o I T ESRIE.
4. &g

1) HATHWET ALO; B &N 4%F1 8%, AFHMNE F B HAR A, B0 A AN, 2 AlLOs
FEEINE] 12%0, Tl T REME KA AlLO; U & A H 14 & BIRETFEAG, AR TR AT

Figure 6. SEM images of stainless steel slag before and after leaching

El 6. TEWERBAIRHIFHEBEER

Table 4. EDS results of stainless steel slag before and after leaching, at%
4 THEWMERHATEHEEEDINER, RFEE%

LUl SERG A Ca Mg Si Al Fe Cr o}
il 18.32 2.26 11.54 4.24 1.31 nd 58.62

YA
BHE 16.00 2.70 13.66 321 1.37 nd 65.00
2T 21.62 5.73 14.35 nd nd nd 58.30

Ry

B E 14.30 4.99 13.16 0.52 0.64 nd 65.49
12 T 16.52 252 11.06 9.13 nd nd 60.77

#wKA
B 14.81 2.45 10.88 10.16 0.29 nd 61.41
12 T 0.39 11.65 nd 7.22 1.28 19.79 59.66

R
B E 0.44 12.28 nd 6.36 1.22 19.35 60.35

DOI: 10.12677/meng.2018.51002 14 Bae TR


https://doi.org/10.12677/meng.2018.51002

BHE ¢ oK
V-STER
R AR
o Vv * % o ¢
o* YW Ye ¢ ¢

Intensity/a.u.

20/°)

Figure 7. XRD patterns of stainless steel slag before and after leaching at temperature of 80°C and pH value of 3.0
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