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Abstract: [Purposes] Because of the different physicochemical properties of lead (Pb) and arse-
nic (As) and the intense mobility of trivalent arsenic, coupled remediation processes of contaminated
soils with toxic cations [Pb( I )] and anions [As(III)/As(V)] have always been a technical challenge.
[Methods]In this paper, the Box-Behnken design test in response surface methodology was used to
explore the effect of curing agent (ERS) synthesized by different steel slag, modified electrolytic man-

ganese slag, and red mud ratios combined with Fenton reagent on solidification/stabilization of lead-
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arsenic co—contaminated soil. [Results] The results show that the model developed by response sur-
face methodology can accurately predict the relationship between factors and curing performance. The
strength value of stabilized/solidified contaminated soil reaches 1.05 MPa when the content of the Fen-
ton reagent is 1.92% and ERS (manganese slag to steel slag mass ratio of 0.544 and red mud content
of 28.755% ) is 15%. In addition, the Pb and As leaching concentrations from the ERS-Fenton-based
stabilized/solidified soil are only 0.10 and 0.33 mg-1. ', respectively. Adding the Fenton reagent can
assist the ERS curing agent to oxidize most of the As(III) in the contaminated soil to As(V) and pro-
mote ettringite production. Complexation—precipitation, chemical oxidation, and physical encapsula-
tion are the main solidification/stabilization mechanisms controlling the effects of the ERS curing agent
and Fenton reagent on Pb and As in the soil. [Conclusions] This paper provides a new research idea
and technical path for the remediation of heavy metal contaminated sites, and the research results can
provide a scientific basis and theoretical support for the resource utilization of hazardous solid waste.

Keywords : lead—arsenic contaminated soil; solidification/stabilization; Fenton reagent; response

surface method; synergistic mechanism
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Table 1 Main chemical compositions of soil, RM, SS,
and EMR %

JERR Si0, CaO  ALO, Fe,0O, MgO Na,0O SO, MnO
4+ 49.07 1075 6.11 3.70 1.99 1.97 0.17 0.11
AU 2078 6.26 22.36 22.56 0.57 5.78 0.38 0.32
Wi 1472 37.39 6.75 2249 9.57 034 0.99 1.26
Bid 7.1 18.65 12.41 16.25 0.24  0.19 34.66 7.50
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Table 2 Basic physical and chemical properties of soil indices
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Fig. 1 Pparticle size distributions of raw materials
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Table 3 Factors and levels of simulation test
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Table 4 Design and results of orthogonal test

A/% B C/% UCS/MPa p(Pb)/(mg-L™" p(As)/(mg-L™"

0 02 20 1.09 0.18 2.95
4 02 20 0.75 1.65 0.59
0 1 20 0.89 0.27 2.75
4 1 20 0.65 1.98 0.5
0 0.6 10 1.08 0.12 2.58
4 06 10 0.8 1.58 0.41
0 06 30 1.17 0.092 2.41
4 06 30 0.81 1.44 0.34
2 02 10 0.88 0.25 0.7
2 1 10 0.78 0.48 0.59
2 02 30 0.92 0.22 0.64
2 1 30 0.85 0.39 0.47
2 06 20 1.05 0.13 0.31
2 06 20 0.98 0.2 0.35
2 06 20 1.00 0.16 0.38
2 06 20 1.02 0.18 0.39
2 06 20 1.04 0.21 0.31

FR A 2D — 3] R, [ Ak #9588 B A At
= M e B2 5 O] A O R
AR & BAFTE — K KA. R SPE—BxF Bk
VA RBERYFEAT T 5 22 23 A AT A5 B2 o0 A o 78 S R B
Cv=<"10% , KWK iR =B/ o PAEJE T 4
fBEBE A 56 19 2 K0, PR /DN 2 T A 7 ) A6 R0 I 3%
e AN, R T o Ak 52 Bk 552 46 245 2R 55 1 80 0 {2
(] F) AR DA B2, R T 1 AR SR S 9 45 SR 5 U (.
Z 1) B AH BB B o R, R, RS IE B E &R O Ml
R, JCTIN € REOZ M B 26/ T 0.2, 5 R
Tdo KRR 005 T SR A R AR B 5 v A S U
SR, R ST, B LA A I AL/ AR E 1l Y

SRS S RT3 VR B Y [l U AR A R RT Y L BB AR
i fy b, T 6 25 2R
2.3 ZEARERSW

P 3 3R B4k 78 57 37 28 d J5 P 5 B A Ph
As i 0 Rz il P fR R 2 R] A SF R4S
IR A v A O R o K [ Ak i R RN A T R
SR RSP AR (1D el =a (05 - [ EROR 2 N
3Cad T @) Sy 25 i 7] 48 ft R el M N i O
Fb Xof [k - 5 B R T 4 T IR R S ) Y = 4
7 T o DN RT DU = e i i 3
ity 23 95 R 8 R ) 4, 10 W A 3 L A T
N e S S 1 B N g e R e AR (SN E I
[v] 2% i 38 7] #5 B 6) i B R TR 4 JE 12 Y 52 e
SR R A B A LS O AR A, AR R R 4
J R AR S AR R T B X R
B sV 1 AsCIID B 250057 AL A RS s 9 As
(V)T AsCVO A AT 5 ERS 4 5 v (9 85 /4 %
TR B4 A W, DT i 52 1 i As™ SR
B B PR & et b T PR SR BN T R SR
FIH S A H 204 #8 ERS K AL 72 4 19 CaCOHD ,,
2 Mm) EL A S BE R KA R . O3 Ak B A
3(b e MM AT AL AE— B E N BEE AR & B9 b
Fb L EAE L5 AR LT3 B Ph As B E
JLFEAZ. @SN FRESRMEE 2K
ALO,, AR F C-A-S-H BB L. bk b
FmLE 7 B AT, A R R AR 1ok B R R i i
HRY AR T Co I 3Ce SR DA LUVE i,
(6 £ = 1 B T I R I L ) e S 3 S e i
B RUAR IR L R R RO SR RS B o X AT B 2 ROl iR
A A R TS LA R R, AR T Y A i
R, SR s SIO, M ALO, it 2 R FF BoA
Py B f, R A 4 M RE 1 K A Rk R S RS R A
EoY; R < Sl e I =0 3 VT I D SR P e i e
JERE & 8 B I E R R T Co MRy, A
AT LA L B 3CERT DAY il 22 B /N T 181 3Cd AT ) ]
3Ce Mh) o 33X 2 B 8 4 @ 12 R VR B R 106, i M4
T 55 AN o E L =2 DA A 28 HAE T T e 1 R 5
BRER SRR EZEILFEALEEN. K2
(b 11 = 2 i) Ry T 1 i R 5 () A IR, 2 B 25 3
4B 2 AR e & i 22 R 3 S BAE
2.4 BHRHERIE

A5 2k A Design-Expert # {4 # Numencial
fil, DA S Y [ A2t 2 B0, ol 8 BRI A /e b A i
HET R R SH . X T B /A2 1k 5



PR W, A L T e 7 T B AR T e o 1A R 0 A BT B HLERBE 5 969

2

(b)

aawoo =1

UCS/MPa
cooo———

1.
11
S 1.0
S o9
& 08

0.7
= 0.6

30

—
@
~

p(P)/(mg-L ") &
o(P)/(mg-L ")

(&) (h)
‘A ‘A
P P
g g
= =
< <
U U

Cl%

55077

A
(e]
o

S moo—iv

UCS/MPa
cooco——

()

L7

1500ty
L

iorterio ey
S LT L TAALLT
C2 40T
eecs 0000
w.dzgz'l

p(P)/(mg-L"")

o(As)(mg-L ")

5
10 0

3 BEMBMIRH =40 5w

Fig.3 Strength and toxicity leaching three-dimensional response surfaces
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Table 5 Variance analysis of response surface regression model

- a ucs | | Pb | A As | |
FAH PE*® 5 FAi PiE* M FAi Pig* 5
R 9 42.10 <<0.000 1 ok 236.92 <0.000 1 ok 512.43 <<0.000 1 ok
A 1 222.43 <<0.000 1 ok 1442.09 <<0.000 1 ok 2 946.99 <<0.000 1 ok
B 1 33.01 0.000 7 ok 27.04 0.001 3 *k 12.22 0.010 0 ok
C 1 6.59 0.037 2 ok 3.34 0.110 5 * 6.64 0.036 7 ok
AB 1 2.99 0.127 5 * 4.63 0.068 4 * 0.91 0.3717 *
AC 1 1.91 0.209 1 * 1.01 0.348 6 * 0.75 0.414 4 *
BC 1 0.27 0.620 0 * 0.29 0.607 2 * 0.27 0.618 8 *
A 1 5.40 0.0531 * 587.44 <0.000 1 Hok 1512.04 <<0.000 1 ok
B’ 1 99.02 <<0.000 1 ok 46.62 0.000 2 ok 83.87 <<0.000 1 ok
C? 1 2.06 0.1939 * 0.95 0.3619 * 0.03 0.857 0 *
5% 2% 7
R AL 3 1.05 0.463 3 * 5.71 0.062 8 * 4.13 0.102 3 *
afi = 4
JEN=F 16
Cv/% 3.12 9.94 5.88
R’ 0.98 0.99 0.99
R, 0.86 0.96 0.98
R, 0.96 0.99 0.99
R 22.77 43.96 58.84
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Fig.4 XRD patterns and FTIR spectra of ERS paste
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