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W E X EESEEETS YRS MR, RAHBAGY) . BEREE . CaO. MgO LA K Bt {H 245 7 X}
B (Zn), & (CA EHTG R mmbE R Em TR b, FIHKERE (H 557-2010) P74l fa o b &%, L GB 8978-
1996 f5 i FLVFHEROHE B i An PR, AR Z 2 EMEMN ., 451 RH, RSy, KRBT
44T, Na,PO, 12H,0%F Zn 1 Cd A4 54 & A B fe i, Na,S-9H,0 X il (As) Fa & S B fc#f, Zn. Cd. As Fl4i (Cu)
4 T 4 J@ TG 2 [F) I SAFRIN (255 6 R 8 S5O0 () AR YK N Na,S-9H,0(96.36%)> (NH,),HPO,(87.42%)>Na,PO," 12H,0(82.26%).
B — MgO B CaO 5 21 & 7 (1 &5 & 55 58 550% T 4K IR A 0.4% Mg0>0.4% Ca0>(0.4% Ca0+0.61% Na,S-9H,0)>(0.4%
Ca0+0.32% (NH,),HPO,)>1.2% (Na,S-9H,0:(NH,),HPO,:Na,PO, - 12H,0=2:1:3), MgO. Na,PO, 12H,0. #4554 & N
PRBERR e ) o BIFFT 45 S TT Sk [ N A R R i Y R AR fR A B S

X R maE; BER; BiIE; REiR

oA Tl SRR, WAL T A —, {2018 4F, K Zn 7 ik 5.68x10°t, 25 4Bk
S 40%, FRE Zn G F R T2 <R —R M —a i, HAE R b A K E S Zn, CdH
As SFRNR I, GtR W, F¥ATE 1t Zn, 774 096 t N, Pk Dy s BUAE i FAE B 3 o
K, MELMGBIA RN AI ], 05 R I HF A | HE B A7 55 0y SN AT A . TR Ay HE
AR, 2Rk RS FNR DA VE S, B T 0 A R R, X R R R - MR
IK A AR AN PR 3 M U
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Zn, Pb ARG YeAg bR, WA AR T As. Cd & HMh 295 Ye Wy A 1 R G AL BF oT b B R R B,
R A B RS E T R W T As ROMAEAE TS AR/ B A e, 2 A el | J5 R B | R I fh
2 Bohnd . FRSEERASEm, AS R 2470 58 PR AR E AU R S AT 2 A LU S IE

A 5T DA RS 5 R TR R Al v B MR A R BRI MR R R B 4, R H Na,S-9H,0,
(NH,),HPO,. Na;PO,-12H,0. CaO. MgO Nf &by, IFiifT T4 F BT, DoKR LN
AL s ME A7 L AR IR O S, B T ANFEI 2RI Zn, Cd. Cu. As BIZEA R E AL Ak R S Hoxt
WEER s, DI E YRR R IR R T E A B R S %
1 #MRl5RE*%
1.1 iR

ASHIEFE BT R Tl % s B W8 P e R Al MR ME o R HE S L IR B 2SR R i
FTIGHMIT 2 TR, 2 E AP B amm At s AR T . AT, RS, BiE, i
4mm i, WO YT /NREN AL BRIR S R, HFREASEER .

PR TS YL R 1 TR, 5 (TEKEES

L T RS SR
HERCATME ) (GB 8978-1996) U311 % B4 75 2 Vit HRIRTSE

Table 1  Pollution characteristics of waste slag

WEAML, Ki#E HO0 R Zn, Cd Al Culbx,

N = - . . e A/ H,0% 1/ GB 8978-1996 144/
4 BB BR 6,60, 1010, 176 %, JE i& pH K mgke) (gL (gL
240, SRR Zn 4631 38 5.0

R %€ A 2577 4 45 Na,S-9H,0. (NH,),HPO,, cd 2188 111 0.1
Na,PO, 12H,0. CaO, MgO, ¥JRr#iat, Cu 1572 5.51 2.0
1.2 XBHFESESHFE As 1442 0.25 0.5

PR 1000.00 g(F 5Tt ) B BT Wi 1 SRS 25 Pd 4752 0.02 1.0
##h, $Na,S-9H,0. (NH,),HPO, FINa,PO,-12H,0 Cr 106 0.05 1.5

53 MIBE AL 200 mL B 7K, #%E W Zn, Cd. Cu,

As FHHUSKZ I EITEARE NG, AR S5TRBHERIET N 2:1, 4:1, 8:1, 16:1, XTIy
2 FIBEIN T & A BN 3% 2 R, iR s IR AR, BERERTE] 20 min, CaO 1 MgO #2853 7|
won, MRPERT B Zn, CdRRE b ST g g5 R, 3 AP 24 50 &2 Bd Iy 4% T i L Na,S-9H,0: (NH,),HPO,:
Na,PO,-12H,0=2:1:3 FEA7 25 I i fh, % & 25 (X IR (CK), BAbPi 3R EE, BHlK:E (i &
toy=1:4 247, SR 7d)5, 47K pH. BHER .

R E T (pHs-3C #Y, LA B Bl 22 A e A A BR 28 w1 ) I 2 s 1) pHL, 100 5 5 2R
CREAAREE Y T8 eI 5 % 35 H A v ) (GB/T 15555.12-1995)14; T 4> @ A 0 il 328 9% iy Ack 5% ) A 5
b =18 (R HNO,:HF :HC10,=3:2:2) T fif 12 5 B MEiR R FHZK R 0 T i v R K2 s v
4 A R R A S AR R B G TEAL (ICP-MS 7500, 3 [ Agilent 24 ) M52 .

& 2 BCRPEAS ARAE 20 (1)~2X 3) #1715

nM) = (Co—C,)/Cyx 100% (1)
n(Zn, Cd) = (n(Zn) +n(Cd)) /2 2
n = (Zn)+n(Cd)+n(Cu) +n(As)) /4 3

K pM)AMITEBRE R, C,. C o ulh Rk 78 f e AL i F s 2 1k 5 i e 2K = ik B,
mg-L™"; 5(Zn, Cd) i Zn f1 Cd X 2 M E &)@ R ERWE; n M Zn, Cd. Cu. As4 P ENEGEAR
R IHE
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Table 2 Design of heavy metals

2.1 B—RRER stabilization experiment %

Na,S-9H,0. (NH,),HPO,. Na;PO, 12H,0 5 50y Na,$-9H,0 (NH,),HPO, Na,PO, 12H,0 CaO0  MgO
fiE B 2 B AR 4 Fh & JE T R KR vk B (B 1~ ’ 030 _ — — _
&13). N 1 BTz, Fifi Na,S-9H,0 #i& g i, ) 0.60 - _ _ _
SeBITRE N HEFEMRAES, Zn, CdH 3 1.21 — _ _ _
Cu [ % € % 5 51 4 27.63%~88.97% . 70.08%~ 4 y _ _ _ _
98.05%. 99.529%~99.85%. ., ZiF| 5 4 Fh 4 5 _ 0.16 _ _ _
JBICRIR B EE R A 8 (i 1.21%) i}, Cd 6 _ 032 _ _ _
AR CK A 1.11 mg- L™ % 0.02mg-L™", ; _ 0.64 _ _ _
15 %) GB 8978-1996 1 Cd (0.1 mg-L™") FR A5 ; FE 8 _ 128 _ _ _
IR 16(H% N 2.42%) &), Zniz A K AR, 9 _ _ 0.46 _ _
CK 1) 38 mg-L' [ = 4.19 mg-L™", It H 5(Zn) 10 _ _ 0.92 _ _
#188.97% . n(Cd) }197.35%, n(Zn,Cd) $193.16%, . - - - -
Na,S-9H,0%f 3 Ff 8 & J& fe & BOR & i, SR 12 — — 3.68 — —
Fa 2 BN R /AMEIR B Cu>Cd>Zn, X5 H #2141t 13 _ _ _ 0.40 _
B S*5 Zn* | Cd*HI Cu* ¥ Wl 4 & B AL ¥ DL 3 14 _ — — 060  —
AR SRR P i AR, B UL TE By 15 _ _ _ 1.00 _
S J5 I — 88 A CuS>CdS>ZnS!"®!, Bl 4% i 12 Y 16 _ — — — 0.40
B, HoK g B v e A ) OH WA F 18 4 17 — — — — 0.60
B E o A, KA AsE AL T 18 — — — — 1.00
90.24%~99.11%, BLWIH 5 As T8 i i 1 VDT 19 0.60 - — 040  —
W AE X K R 8 AU R ) O AR B 2, HAE 20 121 - — 040  —
FasE AL B A A HLS it Y - o

(NH,),HPO, ] B I [ Ik 5 43 & 7Kk = i 25 2 — 0.32 - 040  —
P Wl 2 s, BE (NH,),HPO, $n & i 3g i, 23 - 0.64 — 0.40 —
Zn, CdFl Cu =tk BE 1) 52 O W7 e A1 1 i 3, 2 — 1.28 — 040  —
REZRD N 59.529%~99.46% . 57.97~99.23% . 25 0.40 0.20 0.60 — —
98.85~99.93%, i As 1 H | 2 BLACREAL 5 [0l 7 26 0.80 0.40 1.20 — -
R, ZAFEER L =85, Asiz ik EIFIH 27 1.60 0.80 2.40 — -
THE It pEfe, R BRI T 2 16 0, As e — _ _ _

R BRI A 17445, WREEN 0.68 mg' L,
M 0.5 mg L BRARKY 36%, Z5FIFEIRIL N 4 I,

T “—FIRAREM, FALZGHB Sehncao.

As 35 1 FE 2 5 A% 0.016 mgL™', n(As) & ik 93.52%, {H I Zn Kl Cd ¥ H 4> 9 % %= 8.47 mg L' il
023 mg'L™", JHRibbn. EBIZHHEE/R LR 8(R Nt 7y 0.64%) B, A LI I 4 Fp 4 J& ST R kbR,
Zn F1 Cd 43 I % 0.224 mg- L™ F1 0.01 mg-L™", 5(Zn) Al n(Cd) 53514 99.41% F1 99.08%, n(Zn, Cd) K
99.25%, 4FILRLGABRER n kB REME, M 87.42%., Fik, 0.64% i) (NH,),HPO, H & 25 &4
SERCR b, AR, Dl mE st As o B L.

& 3 Fr7R, NaPO, 12H,0 Fat a2 fh R SR 8, e AR 24 590 B R L ok 2 (38 n  °4 0.46%) B,
A 4Fp o R REIEFR, Zn, Cd. Cufl AsiZ 5 Jll B & 0.446. 0.014, 0.004, 0.169 mg-L™',
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RSk 98.83% . 98.70% . 99.93% . 31.58%, MK —o—As
ARG ATRER ik 82.26%, b, n(Zn) 301 \Q :Z:(er(‘i

H1 n(Cd) 4> 1% 98.83% 1 98.70%, n(Zn, Cd) = BN ——Cu
98.76%, Fa & ¥ T IR EE R A& T Y g i \
(NH,),HPO,(#(Zn) 59.52%, n(Cd) 57.97%, #n(Zn, g LY \,
Cd) 58.94%) Fl Na,S-9H,0(7(Zn)27.63%, n(Cd) kS :(5) .

70.08%, n(Zn, Cd) 48.85%), 1 Na,PO, 12H,0 osh

(% kb B ZH h, p(As) ¥ T R SE TE 34.92% 2 ob T——% N N
o BEMER A Cd. Cu S i [ 52 3 B 1 0 2 4 6 8 10 12 14 16 18

ZEAIRIAE AR L

& )@ R A 3R 4% B W B RN DT E AR AR B 3
XF Zn 32 DL R B R W DA R D R
PETC B UUVE I " Sy =, IR Al AR 3E Zn 1y AT
AL M ER I A AR, 0 P 5 As fb 2 T
L, — AR, PO FITHPO 2 5 AsO} E W
e Y, fi As BT S OE , (HAR BRI R
F 5 — Na,PO,- 12H,0 4b # 5% g PE 5 &, JIF ok
XF As 7 AR B RIS A AR R, B AR R 2
iE— 2 IR AT .

i & 1~ 3 AT, X Zn AR E AR I
kN Na,PO,- 12H,0>(NH,),HPO,>Na,S-9H,0, %}
Cd F1 Cu 1Y £ 22 1k 850 R MK WK R Na,PO,- 12H,0>
Na,S-9H,0>(NH,),HPO,, X| As i Fa & L3R AK
Y Na,S-9H,0>(0.16~0.32)%(NH,),HPO,>Na,PO,-
12H,0. H, (NH,),HPO, 5 X} As /= /E ik A1k
M., W#k Jf&iﬁﬂiﬁ]f‘ﬂé% fii4f &)@t HR
[F) B 35 A 1) &3¢ 6 A B8N IR R 0.46% NayPO,-
12H,0(E/R ttjy 2, 77:82.26%)>O.64% (NH,),HPO,
(FEJR 1L M 8, 5=87.42%)>2.42% Na,S-9H,0 (FE
IRHEA16, 1=96.36%), Fitt, Na,PO,-12H,0 %} Zn
N Cd BUE ORI B A=, X As TG ALBCR A
B, HARK SRR INA 5 805 P i+,
I, 163255 H, Na,PO, 12H,0 5 id & 2
Ao B A R 7

WA 4(a) FF 7R, (0.4~1)% CaO Zb 5, &
B Zn, Cd. Cu. As 2 1 Wk E S 9I%EE

<10, <0.50, <25, <220 pg-L', i {k T GB
8978—1996%%|3E{ﬁ0 Hr, Zn, Cd. CufaiE
KB T 96%, %5 CaO 421 K pH. 4
J& A EA P ITTENSE £ | fﬁi%ﬁ#ﬁﬁiﬁw
B PRGSO BRI ES B 5 4

R e AT k= A (RSP SS

El1 Na,S-9H,0 M EEH Zn. Cd. Cu H As
KRR E SN
Effect of Na,S-9H,0 on the H,O leaching concentration
of Zn, Cd, Cu and As in waste slag
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Fig. 1
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Fig. 2 Effect of (NH,),HPO, on the H,O leaching
concentration of Zn, Cd, Cu and As in waste slag
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Fig. 3  Effect of Na,HPO,-12H,0 on the H,O leaching
concentration of Zn, Cd, Cu and As in waste slag

n(As) | 4 10.93%~74.09% ,
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ik it CaO WA F T As (FR 2, CaO Xf As M Fe e 1E FH £ 2 5 5 S A P F3E Y pH &4 F 5 T8 i
CaHAsO, Fll Cay(AsO,), VLTEP A7 3¢, [HAMIFR RN, 4 CaO<1%, Ffi CaO HMIGIN, AsEHHKE
B, X AT RE R TREE OH Wk FEHY i, 7 HL faf X As (9 58 4 W B T8 7 i, fe & 5 3L
As WIEF A B om >,

W 4(b) iR, MgO ffiE#H Zn, Cd, Cu., As FIRHIHRESAIFE<15, <3, <5, <10pgL’,
n YT 98%, Hibn(As) BIE T 95%, W EALT CaO, X AES MgO R TR, FmHAHER
H (Mg—O0) 36Tk S FE A, X 4 8 AW B . DLTE SR SR A e

H & 4 AT, CaO. MgO ¥ RIE @Ak fl, Ca®. Mg B4 S5 R & 1B iy & 24 0 4%
HULTEY, (H CaO WISl As B e+, 4 FhIC R £56 T8 BV N 0.4% MgO(7=98.90%)>0.4%
CaO(7=93.48%).

250
R As
X3
to%el
200+ EEECd 2
~ [_IcCu 53 ~
T ! '
2 5 n
. X N
s 150 F 3 en
EY (0% =
= 3 =
i 0% g
2 & ¥
® 100} ks = ¥
~ :‘:,:,: 008! .‘_:[ PR
H B %3 - 3 POXS
X (otoss X U 1o2; b
e KX 0% b3, kXS RS
kR K53 o ot o
50 F R K& 12028 R3S BRI,
R 653 o RS o
R 653 to%el ol KX
R 653 to%el ol o
RS 53 do%s, kXS R
KXY kXY 08! KX XS
0 R R X ; %% DR
0.4 0.6 1.0 0.4 0.6 1.0
D IEWASY 3 EL /3
CaOBS NG 4355/ % MgOWR Tt 53 45/ %
— NE) 1= AT — V=L Bk
(a) CaOXI & JBICE R i1 (b) MgOXJ 43 JR T 212 th iy 2

4 CaO 1 MgO X EEH Zn. Cd. Cu 1 As ;2 HiRE N E G
Fig. 4 Effect of CaO and MgO on the leaching concentration of Zn, Cd, Cu and As in waste slag

22 FHl-THAEELLE

TRES . BEES FIBLBE A G A A R E S o . AU G X E#E T Zn, Cd F Cu R fb AL
BB R, FRERYE T 95%, WmALYREIA BT As (F e, BERREL O &R As AR E
AR R = — RS PR . f R 5(a) AT, 0.4% CaO 5 3 R R [ 4% 4in e 4 Na,S-9H,0 21 & &b B
G, ARTRZ I EEYIAPR, Zn, CdFI Cu MR E R & T 99%, Zn iz WS T 0.07 mg L™,
Cd Fl Cu iz ¥k 4 IK F 0.01 mg-'L™, P Na,S-OH,O £ i &t A 35 I, n(As) B3 B 15 . 5 B —
Na,S-9H,0 Ml kb, #AbFH R FASH AR T Zn Ml Cd B R E R, Hdbr, n(Zn) M 45.53%~88.97%
T+ 99.80% LA I, BEW] CaO WY AA B T 1458 PH 2+ 4 8 i fe e ROCR . PRIRl 32 I i, (H[A)
I — B AT As BB @ BUR, n(As) M 96.36%~99.11% [% & 41.70%~97.17% . FF Na,S-9H,0
WA N 0.61% Fl 1.21% B, As B AR E AR BT AS 1 2 b 25 550 SR0pl ol B B A 8020, A AR G5 )
AR ERE As PRI, JRTMiE54k T As R e s, X5 B S0 s g5 K25, 1 CaO 5
BN L (2.42%)Na,S-9H,0 & B, F2E As (19 BE S MK N Na,S-9H,0>Hi £5 41 5 >CaO, 414 4b B Xf
4 FOCE M LRAFRE R B3k 99.08%, X WIS A Fa g As RCRIL T CaO, F8 HJE A £ %
R 2 AT — 5, K CaO B TREAL As (3R s 59— 5 1T, AF e Bk 2 1R As i ol P 36 o
9 AU 24250 L 5 4 5 X As B BRE AH KT T B Naa,S-9H,0 43 i St f) 385 I i 385 58, 6 458 AR i
CaO P 1k P b 5t 1 16 Ak As B IRIEE, AT Al As,S, %5 B AR 2 MU TEVE B0 5 1, As PR E MR 1Yo .
g LTk, RASAL G A AT G B — Na,S-9H,0 X Zn MRS RR , mil i X As MR e BCR I8 T
Hi— CaO, HX 4 BT M LR G fa RO Y5 T — Ab BERT A ROR , G 4B S i CaO Wk K
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WA T WS MR, AT ALtE, ik, 5 CaO 1 Na,S-9H,0 H.—AbFRAH Fb, 4G4 G 0
RN

Hi & 5(b) AT, A% 42 (9 0.4% Ca0+0.32% (NH,),HPO, fii 4 F 4> J& 70 2 (054 & R 1 85 T 95%,
N ik 98.13%, AT Bi— CaO(n 93.48%) FlE— (NH,),HPO,(y 87.42%), 58— (NH,),HPO, Hilt, 4
GAHEPE— DR T Zn A1 As W92 VR B, HFf 45 20 & Ab B b (NHL),HPO, BN B35 hin,  n(As) B
WAL, HEERNGAE, 0.4% CaO+1.28% (NH,),HPO, 4k BEAL Y n(As) 1%} —46.15%. BEE54] A 1 E 59
1k 7 #i— (NH,),HPO, Xf As IYTE fLAE M, CaO H1{k&: (NH,),HPO, H & H A B T 4 & @It KLk G

% [8 3] Na,S-9H,0 FI# IR £k 73 HI X As Fl Zn Fa g B 1 5 (W Re o5, W &2 B0 5 1 o AR K R an
Kl 5(c) iR o FERIN 1.29%~4.8% B HCHIJG, Zn. Cd M Cu MR E R8T 96%, 1H As ¥piiG1L,
n(As) N—171.66%~-23.08%, Hrp, ¥HIZGFNEINEN 12%, 4 Fh&JE8m R iEbR, n Uk 68.07%,
2.4% T 4.8% Kb PG As 12 PR . BRBELLA I As WHfb MR, AU E <1.2%.

120 HEAs 1Zn @@ Cd N Cu 120 EEAs [1Zn @@ Cd \NCu 120 HEEAs [17n §@Cd N Cu
100l sl -
100 80F 60t
§‘ 80 § 60 § 30+
¥ ¥ 40t ¥
= wf < S
B ® ® 30k
& 40y ® o 2 _120f
-20F
20t ool -150
0 ; -60 ; . - -180 : . :
0.61 1.21 2.42 0.32 0.64 1.28 1.2 2.4 4.8
Na,S - 9H, 08¢/ tt/% (NH,),HPO £ tt/% TR S BN /%
(a) BREGIMC(CaO 0.4%)FE AR (b) BEESEBL(CaO 0.4%)Fa5E (LACH (c) Bl & e e LU R
5 AEHFIXMEED Zn. Cd. Cu il As R EHR
Fig. 5 Stabilization effect of Zn, Cd, Cu and As in waste slag by complex stabilizers
3 R

1) FpL— i £ 4 8 2 6 X 7 4 AR e AR A SRR W], 3 FP 25 h Na,PO,  12H,0 X 5 4 J& i £
SERUCR B A, Na,S-9H,0 Xf As M RE SR B, (NH,),HPO, 5 %F As P2 AETEALAE T, M 2550 380 i
% %, 5 GB 8978-1996 fi fm A VFHEMUME BEAH L, SAARERSE 4 Fh 4 8 o0 R 28 A 8 e AR T
# K K 0.46% Na,PO, 12H,0(y 82.26%)>0.64% (NH,),HPO,( 87.42%)>2.42% Na,S-9H,0(y 96.36%),
Na,PO,- 12H,0 A/ .

2) 5 BRI TCAL R L B G R AR e AR S R AR, B — MgOdR in [k 0.4% B, 5(Zn)
99.97%, n(Cd) 99.76%) 5% CaO AbHE RN W] fifi Z iKbR, BREGAL A4 7 B — Na,S-9H,0 Xf Zn, Cd 12
EALIKE, n(Zn) M 45.539%~88.97% T+ = 99.80% LA ., 0.4% CaO 5 2.42% Na,S-9H,0 HI4 &%) As Fa
ERCRA T #— CaO, X 4 Fh 4B ICE 5y Fik 99.08%, AT B— kb B ;45 A0 o B (1 P s R 46
155 G AL As. 25 AL B A 4 Fh 48 JE T R IR AR Y £5 A FUE RN K/ NIBUF IR K 0.4% Mg0>0.4%
Ca0>(0.4% Ca0+0.61%Na,S-9H,0)>(0.4%Ca0+0.32%(NH,),HPO,)>1.2%(Na,S-9H,0 : (NH,),HPO, : Na,PO,-
12H,0=2:1:3),

3) MgO. Na,PO, 12H,0. WS4l & MR E N, CaO it i A4l A 7 b i iR £k o & 3 A F 7
As [P [R) B A2 o
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Abstract The heavy metal concentrations in waste slag are high and difficult to deal with. In order to solve the
problem, typical sulfides, phosphates, CaO, MgO and composite reagents were used to stabilize the highly acidic
waste slag polluted by zinc and cadmium. The stabilization effect was evaluated by the water extraction method
(HJ 557-2010). The maximum allowable discharge concentration in the standard GB 8978-1996 was taken as the
standard requirement. Waste slag can be disposed safely after stabilization. The results demonstrate that among
the addition of single reagent such as phosphate and sulphide at the same molar ratio, Na,PO,-12H,0 showed
the best stabilization effect on Zn and Cd, Na,S-9H,0 showed the best stabilization effect on As, and the compre-
hensive stabilizing effect () when Zn, Cd, As and Cu elements simultaneously met the standard followed the
order: Na,S-9H,0(#=96.36%)>(NH,),HPO(#=87.42%)>Na,PO, - 12H,0(#=82.26%). The comprehensive stabi-
lizing effect (1) of single MgO, CaO and composite reagents followed the order: 0.4% Mg0>0.4% Ca0>(0.4%
Ca0+0.61% Na,S-9H,0)>(0.4% Ca0+0.32% (NH,),HPO,)>1.2% (Na,S-9H,0:(NH,),HPO,:Na,PO,-12H,0=
2:1:3). The combination of MgO, Na,PO,-12H,0 and calcium-sulfide was the optimized stabilizer. These
results can provide solid data for the treatment of heavy metal contaminated waste slag with high efficiency in
China.

Keywords slag; heavy metal; stabilizer; leaching toxicity; stabilization efficiency
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