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SEEEEK, ERZHEARWEA K pH ™. 2FHEFERD, 48 IoRE™, b AR 4
SIEEARPORZT FEAN R . Hish, TR AR A pH &0 T, METEREs™ (Y ik i F il
WAEBME SR T T, SEOES EK SRS, Wik, Tk —MIA . 5 i B RES A 3t
P I B 4w P K A A B TSR AE T

Az W B 3 2 R B A T P A 0 R A A A A A R B R B K T Y 4 S iR
SRS Yy W B R B A T H R AR . AR S . RE A AL FRAR K
VI W T A B R KRB, T ARk B i N T A JE R K A BRI AT U, A B R BIE 5
2 A TP A AR W SR A A L A I B Y T S ORI R ATL B e R AR A O R R 1 o
A Al A P Bt G TS S BRI R A L B ALEE RO A W B LT R A R R 2

AR, RAMEF U B A5 P ORIE T . AR, B RAFRIE W EE S, EK
Sy il % A W B R A TR o AR SRR A ) T T 8 B A A R R R R T AR A SRR
B K AT T AW R AR 3 . 43 5302 58 T W B AR08 i . WG BREEE D . pH ORI EE 4 S B R
P 755 U 35 A 1 W B R0 6T PO IR A S, R R i 1 i T (response surface methodology, RSM), X H
il 24 20 WO R R0 A 3 7 PR K R ) T 4 B S AT A SR AL, R4S R B R 2 (] 9 A8 R
VERBEAT A, [ B30 A 21 A0 53 % 0 B JS 09 1 okl A 0 O B 700 B Be AL iR AT T A, MDA R T
T PO W B AL, A5 45 SR AT S A A R B A B IR AT R K BRI S
1 #MRl5R*%

1.1 SRR S5NEE

SIS A T P WA P 5] Sy S A O 7 8 BRI BT R (CaO-SA). 4% AR 4% /15 U [ AR 5 5 1:0.05 1Y
e, 7£25°C T, RL130 rmin” #EFE 2 min, L4 60 rmin 8 FE 2 min, BEWFEEHS), W
TFCE 4h )5, T 60 °CHET, JEBFE K 0.45~0.85 mm f KL . NaOH 5 HNO, %53 #1144 4 43 #r 4l .
SEES KRE AT R AR A A A R AT R K (pH=11.38, Pb> 4 25 mg-L").

It A 45 £2 $5 RADWAG AS220.R3 70 T HL 7 KF . ZQTY-70S {H IR IR 4 . JI-4B 7S Bk HL ol 4
PE2S . DHC-9123A i HUVIE 5 8% XL T 4846 . Ohuas ST2100pH . JEGHHE & 25 35 1K & 565X (Agilent
T13). R A P R S T R (H AL B SUS000 &R 51) . 4 [ s bbb 2w AL L
FL/AMAL 3 BT AL (ASAP 2020 R 51, X-HF Zefit 91 63 (Rigaku Ultima IV) 434 . 8 B i 20 40535 Y
(Thermo Scientific Nicolet iS5),

1.2 LWHE

8% CaO-SA & (2. 3. 4. 5. 6gL™"), pH@B. 5. 7. 9. 11), HEJEF (20, 25, 30, 35,
40 °C) 1% FfFBFE) (30, 45, 60. 75. 90 min) XF CaO-SA &b 352 R & #5387 B K56 . 428
BV 3ATATIES:, R HUHE A A5 B TR A SOGIE A (Agilent 713) W28 W B 5 P> B9 MR EE, DAF
PHAVE NI AR, DL PO 1Y BB RAE M IEMN e br, HABRFH L () #7115
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FXT CaO-SA WY [} Po> 52 M) 114 32 2800 AN A2 ELAE L 78 S 50 3 6] P9 0T 08 RS 2 A AT Ak . A S50 ok
Box-Behnken i i [ 546 5256 3611, 43 BIAEAR (—1). 7 0). 5 (1) 3 AN 7K - b XoF 5 B 552 565 98 47wl
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Wi 7 (L, 4 DRIER 3 KF 2 A% AT SE B 4H UL 3% 1

X} CaO-SA 1 2 I FRAE . 4 Joit 20 Bl 1 45 F1 SBRATERERHEKTE
IR 3 ﬁ? ﬁ}*ﬁ , [) B % %ﬁ: % Bﬁ%ﬁ:j\* g l}ﬁﬁﬁ Table 1 Factors and levels of experimental design
J& B CaO-SA HEATLLANEIE 0, #R9 CaO-SA - %
A B R I K ) W B AILEE o A R IR B e (OB o
Sy Wedh % S R T L BB X CaO-SA 1) %6 T FHTE) min &L
HEFT A, LI S AR 5 SR XSk A . 30 20 2 6
e 43 BT AL KT CaO-SA. 1y R 211 1 S 45 otk 0 » 30 4 o
AT FEAF 40T 5 3R FH B HEL IV 20 A1 IG5 A5 5 B : % 0 6 12

HiJ5 i CaO-SA HEAT 0 #7 .
2 HBRpHEITS
2.1 WRBfHEZME R

FEUR B R 25 °C . pH=11. W A1) 54 30 minf 45 14 T, B7AE CaO-SA AYHE =, i Hxt
P> ABRRM I, S5RWME 1R, vREH, FERMER S gL B, CaO-SA X Pb™ 1) KRR
B, BLIE, 25 BR SR ANBE W B A8 o g i e A . R AT REIH SN LR 3 05 24 CaO-
SA W Ff} Po* 1) 25 bR Rk 2 e I, 3 Wb B9 Po? ik B A X ARG, s i P> Hi 2= W 6 791 ¢ 1 Ok
W2 B %) B B0 3 /0N, T AR TR O A A s e 114 R I ) R R A W B ) 1 R T AR G n A BR U
Tk R O 50 150 2 15 0% 65 A0 K A8 T3 1 5 AT 0% 1 T 0 X 7 B WG B USY DR, S T A b TR CaO-SA B
B, w7l o B S ACEEUER R 2, 4 FT6 gL

FERIE Jy 25 ¢, BhmE A S gLt MR E R 30 min 09 £ 44 T, i 5T vk AE pH K R 35T pH X}
P> LB RA M, 5RWE 2 Urn. ATLLE M 24 pH<7 B, CaO-SA X Pb™ MG M & R fe 25, &
B RAL R 70%~86%, X W] BESE T 1K & 1 HS Pb™ 4+ 25 CaO-SA M 19 W FfF 37 A, AT S B0GHE 40
P> OB I, SFECEBRFA I PR, 8 pH=7 B, P> LBRRIGLE 88% LA |, X & FAEH
PESCRME AT, HY 2K, CaO-SA REHE Ui 55 PO™ 45 & IbAh, Bilic 15U BiF 5% 2 B,
PO Al 7E BBk 25 12 F 28 B AT ¥ Pk B HPbO;, 5 [Pb(OH), 1>, MMM T Pb(OH), A £E AL, S B07E btk 4%
BT A BE Ky, Halgkil . Wik, 7 pH=11.38 B, Jr &b 34 4 52 bRk & &2 7K
PO RN 25 mg' L', XULHITE pH=T7 I, K& OH (A7 7E XF BL AR & Pb™ 19 25 B S50 52 i R
K, FELIEER T, PO i LR J& CaO-SA MM BHAE RN, b T FE 5 & 1 2 B 23 b e A7 e AR 2% 18
AT, w7 R R R pH RE N 6. 91 12,

100 90 - .
_——l/
95t 8
" 86
—
90 — .
s — };5; 84t
B 85 ol
% ﬁ 2t
80 | sl
ST 8E
1 1 1 1 1 J 76 1 1 1 1 J
[ 3 4 5 6 7 2 4 6 8 10 12
Pohmt/(g - L) pH
1 $EMEXT CaO-SA %[ Po*HI 0 2 pH X} CaO-SA X Pb™ HIS M

Fig. 1 Effect of dosage on Pb*" removal by CaO-SA Fig.2  Effect of pH on Pb*' removal by CaO-SA
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TE W R 25 C . BnE NS gL, i
pH=11 W 50T, B %8 T WL R I ] X% Pb*" 25 B ol .
RRgm, SR WME 3R, ATUED, 7E —
30~90 minPy , Pb* i) EERFIITE 00% LA I, H
SERAHZE A K s TEWZBEE 8] % 60 min J5, W Fh
FEAGK BN -7 o SR AE i TE] e iy ik v 881
B BsF (] 2 4 30, 45, 60 min,

76 W B 1 30 min, AN S gL, oo
szll E/\J%ﬁ:_li‘ s %%@T{ngﬁ Pb2+£|§/{j§$|§]{] 30 40 50 60 70 80 90 100
PR, SR Pon. MO, B 3 REIRTER fff)ﬁs'ln%s@ PbY HI F
E;ii;{; ;E;+§? ﬁifé;f;ﬁé% '%ﬂ:tc’a(;ﬂ;;;j{i Fig. 3 Effect of adsorption time on Pb*" removal by CaO-SA
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TR R FR PR HE T RE AL, AT AR R B 7R) b ity g o osl
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PR P K B BRI AT, e 7 TR P R 90
FEBERE H7 20, 30, 40 C. Sl
2.2 W R SE AR AL CaO-SA 4L I8 & $5E T B % ol
IKHYSRIE s2f
TP FLag g, R A Box-Behnken sor
HEATS R DA S ST HEK 1 2 B A e
OB, T T T AR 0 U 5 50 T
FERITABRUR 2 F7m. B4 BER Ca0-SA £ Pb HIHM
R Design-Experts8, X3 2 1 5 4 45 Fig. 4 Effects of adsorption temperature on
HER BT, L P BRI R, LA B Pb** removal by Ca0-SA

Bohndg o B EE] L R . pH A R, N7 AN 1A SR AU Tk 2 a0, TR X (2)
PR
17=94.27+3.1A+3.43B +2.18C - 0.65D — 7.8AB — 8.27AC — 2.86AD +0.11BC +4.4.06BD—
4.8CD-2.31A% - 0.48B> - 1.7C* +0.81D? ©)

Kb g WEERE; ANWKIERE; B MR ; C & ; D4 pH.

FIFH Design-Experts8, XJ 3¢ 2 WS i g5 RibAT 7 2081, 48R WK 3. R FEETET
W PERI AT PRSI A W R W . A P<0.05, 3R [ AR A BT 35 H AR DG
PR A P>0.05, FRow [EEARL T N 30 H A SR BT, R 3 RTAT, BT F O 14.84,
R[] P< 0.000 1< 0.05, 3X Fe7m 15 J5 F i 1 45 PR 28 5 i 1o 1 2 [) ) 4004 il 4 09 A DG 1 2 38 . 1%
AL A AR S 0 L S R X SRR A R AT A0 A s BOMAE AL R*=0.936 9, AL IEHE RERL, =0.8737,
XA 13.63% ANREHM AL RS, U IZ A 5000 45 RIS B4, MERRE & . 25PR 00 S0 50 (5 s
RIS AR X HL &5 SR AN S iR, RPHZIE T 1, R P> L BR R A M B F 45 SR 5 S0 45 R m E W)
Bro HR2E I MER 0T 0 7 08 BREASE AR A il N IEZS A0 A, Q& 6 TR, Bl A b B4 2R
PUA TR R v, U B A S % e o o T A A A IE A A . AR R B C=2.47%<10%, {5 MR H R
15.043, KT 4, XFRIZBIIEA LR 0l {5 B AORS % 5 . @il bR drv] Jn, R el
U
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Fz2 ZXWFIHMER *x3 AEFWE
Table 2 Experimental design and the corresponding results Table 3  Analysis of variance
A5 i gt K 7 S | M ABE By F P
é (=3 7 > YR )
W ARHE e (OB OpH % BOW 108704 14 7765 1484 <0.0001
fif []/min (g'L™
A 115.38 1 115.38 22.05 0.000 3
1 -1 -1 0 0 7245
2 0 0 -1 1 9875 B 141.52 1 14152 27.05 0.000 1
3 1 0 1 0 9853
4 0 0 0 0 93.64 C 57.03 1 57.03 10.90 0.005 2
5 0 0 0 0 8544
6 1 0 0 -1 9898 D 5.07 1 5.07 0.97 0.341 6
7 -1 0 -1 0 96.11
g 0 . 0 1 9045 AB 243.20 1 243.20 46.49 <0.000 1
9 -1 1 0 0 9021
AC 273.90 1 273.90 52.36 <0.000 1
10 1 0 -1 0 99.86
1 0 0 1 -1 9347 AD 32.72 1 32.72 625 0.025 4
12 0 0 1 1 9168
13 0 1 0 1 8825 BC 0.048 1 0.048  9.25x10°  0.9247
14 0 -1 0 1 9268
15 1 4 0 0 9334 BD 66.10 1 66.10 12.63 0.003 2
16 0 -1 -1 0 9821
17 0 0 0 o 7768 CD 92.16 1 92.16 17.62 0.000 9
18 -1 0 0 -1 9820 ,
A 34.64 1 34.64 6.62 0.022 1
19 0 1 -1 0 98.0
20 -1 0 1 8548 B’ 1.52 1 1.52 0.29 0.598 9
21 0 1 0 -1 96.78
22 0 1 1 0 94.12 c? 18.79 1 18.79 3.59 0.078 9
23 0 0 0 0  86.14
24 0 0 1 -1 9974 D’ 4.26 1 426 0.81 0.382 1
25 1 1 0 0 9427 ‘4
2% 1 0 : 0 94 5k 73.24 14 523
27 0 0 0 0 9427 ..
R 0 4 0
28 1 0 0 1 9427
29 0 -1 1 0 9427  EEZE 116028 28
110 100 -~
105 -
80 |
100 -
R 95 s 60 -
i S
= 90 =
LS L
gs | fZ 40
80
20 F
75 ¢
n
70 : . - - - olm .
75 80 85 90 95 100 -5 5
SLE/ P
5 Pk B % SLU6 B A UM B M L4 6 AREESHE
Fig. 5 Comparison of experimental and predicted values of Fig. 6 Normal probability of residual

Pb*" removal rate
M 3ATH, RPN RAET, W BRFRkIa) | 3 38 R0 0 A 50 45 % Po> 25 R B B
(P<0.05). [AIEF, m F Al 25 P2 Po™ 25 bk 2 10 5% i 5L P Sy 308 5 > B 1sf [] >4 i i >pH,  pH Xif
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Pb>" 25 b 2R (1 52 i AS B 25 . A AT 7R BB Ik A% #Ti&ﬁﬁi%mﬂ)%%@ﬂﬁ,Mﬁ%ﬂT
Pb(OH), JLTE M A B UM BV EFD M 0 i B R AE Ot 25 08 T A7 1Y, A A K i B 35
B, BRI, SRS KRR OH . BT ' MRFS R, Hr e omi ok #T
A AT 5 P 9 HPbO, 5 [Pb(OH), 1, M I # ] T Pb(OH), UL HE 19 £E i, A Bl 4% 748 °F Al G i 3]
Bro XULHT, 7E CaO-SA WL Po* Hy sk #rh, B4 /K K& 1) OH A 5 Po> JE BUAH X 1 1) & 4
P ULTE, PO Y L bR BN 2 CaO-SA MG B ke = A EH . Rk, AT A 3 AN R, pH X
P> LB R AL WA /N . EZHAEH H, CaO-SA X Po* (1) 25 B3R B 2 i 2 . #n & 5 W% fff it
[i] L R B Ao [ 5 0

Design Expert 8.0 LA 5 742 5 S A 45 11 3D EIR AT LT fin B0 Wb 38 B 45 PR 2% 22 1] 19 28 BLAR T 56
2R R BRR AW, B W R IR RN pH 4 A5 PR R 2 R R 045 W DL B R A e [
i T PR PR A SR ] 7 AL 8 BT

~ \\-\. o
% 30 __° \>>f~”’}60
@i 25\ - > -
TN R
203 ‘wﬁﬁ\a\"“ <, ;3““ . 42 W“Wm
70 Mm'ﬁj*':r’]mfﬁﬁco'sp‘ PR PO B8 B )R 3 0 8 X CaO-SA RS PbY
o] &7 3

i) JSz FER T
Fig. 8 Response surface map of adsorption time and
dosage on Pb*" adsorption on CaO-SA

Fig. 7 Response surface map of adsorption time and
temperature on Pb*" adsorption on CaO-SA

TERCINE D 4 gL' pH=9 YA PF T, MR B vk 1] 5 38 B2 36 P> 2k BRI S2 i 4 ] 7 fir s o ml LA
A, Tﬁf#ﬁfﬁﬁf 2% 63 23R i R R A5 T 8y 08 DT v 5 24 R N, 2 B AR o R R S 1
B A FEAR . SO T (R RRE, BRI, BEE W A RE A, AR AL
% Z2 W) P fil ik a] i Pb*" 55 CaO-SA H YW R a5 870 45 i, R TIT S O BRARTh i 5 /e LB e
B, Tl R e I A RE N, BEE WM A RE G, BT A R RERRR B —E R,
SEELE > POT R RPN, TN T B L BR AR AR . T B R R, I, 2 B A F
LIRS ¢ ﬂ*mé%f“"@%ﬁﬁ]‘m"l‘ﬁ“ X UL LR R P AE Ay BRI . iSRG R B A R L R
FAEEAEM, fEWM R, XSRS 5 PO R AR RO, O IR AR RO P T iR LR A R T
WP B AT o B 7 ATOL, FEATEIIS IR, R A T 2 B POT R ER R A WL R AR, DLW
8 B S L A TE 52 B2 7 1) R AT, T T 2 B o AR A A A RO, X LT B T ST AN
RO . 25 LTIR,  F AR W B R B PR B R B B 2 R B A R 25 R, OF LUk
AR S

Pl 8 S bt T pH 5 i EE e TG AT GRS 30 G pH=9), MR BRI ] 5 B i X Po> L BRF A
S o LA, AR W BRI TR I, 2 B A B B A A B R TR o X A Ph*T S CaO-
SA A I B AL 4 Sk I )R, BB 3 POPORAS J2 5 CaO-SA AW B AL s AH S &, T Hn =
ARG I E AL T R YW AL B H B2 PO R] LS CaO-SA "YW AL s 255, DT 4 i K B
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o AW BRI (R B, 3B R B 2 4% I 3 R Re AR o Pl T IR B SR Gk B0 A, P Y
PO> Uk B e AHXTREAIR, 35 B PO 7 150 28 R B 700 2 1T,k VR ) K 8 T 9 /N, e 1 iz B
55 2 438 R R o R0 22 1) K R A AR, R B RE 7 A 1 BY 1) g mT R ol e I o & A O A s B
SO PO R R Ok, TR AR L BRoR o B MUK AR R B AR — 5 B B BRI
B, Wol LA £ BOMEN R, BE B E A ER, KBRBIT M al s, bl
Je WO TF U PR ARG o 3 150 I WA o 380 A i ) s ety R L AR B A AR A o BRI, K R B ] 2
65 0 IR RF 114 R A ) B R PEE A ) A SRR G O, AT R e W i 5 B T A 55 I A A R ) POl T EE BRI
SEY) BRI O, SECRBRRA sl Bk, FE 0 0 0 B S RPN, 3 Y g
TR o2 R B v UL B A B TR R PP R BR R

v Fl Design-Expert 8.0 B4 % e A 52 56 45 (44 iE A7 T B0, 15 %] CaO-SA W Fff Pb> s 44 W i 2%
Jg . CaO-SAF M+ 6 gL', T K 40 €. pH=12. W FfFF[E] Jy 30 min, 1A Pb> 25 & R Al 34
100% . A 3o ik m Jo7 pif 1605 0 () A P, AE T A B AR AR AR, HRAT 3 AP AT SRR, AR SRR AR
EHIEH 99.63%, 5 TIMMEALAE 25 0.37%, 33X U6 B 2% 1 B8 A 5L A 35 A 00 8021 . R pH X
CaO-SA W [ff Po™ Wy sZ i #5 A%, o T B8 432 35 AR B 5% kb 3% 2 9 52 B pH, R P AL & 448 CaO-
SAHINE R 6 gL', AN 40 C . pH=11. WS [E 24 30 min, 7E M4 F, 455 AL T35 {8
100%, W3 YCPAT L V- SAMH, 15 W B R SL I N 99.54%, 55 LA 15 B W B ASCRAR #5301 o
2.3 CaO-SA &322 $HIEH &R 7K UK Bt 41 38

J T ik CaO-SA T 4sH . FI i 7 i : e (8

|

Tl B CaO-SA LK 30 000 £% 5 AT W2, &%
RN 9 FroR o FTLAE Y, 1200 B 700 2 1 1M1
AR, BA R ZIRG ), I E, 25p
WEZHAEWNE ., T4 WER, hRmH
K, PR Y R B L AL 3G 2, A WRRR R IR B
Po> i}, HATHCR A LR AR _ R O 1Ry
953 BT CaO-SA W I PO* AT 9, I FiT£L T Eo Co0SA MM
PICIRT CaO-SA A 35 B 7 12 /K Wi s W M Fig. 9 SEM images of CaO-SA
B E REHE A AT T AT, AR E 10 s
ATLLFE Y, 7 CaO-SA Mzfff Pb* i, 761417 cm’!
F11 654 cm™ 4b By W W g A )@ S R e R C—O
1 C=0 BXFrfidadesh; 1032, 778, 798 cm™!
Ak B W Wi e ) ) A Si0, DY T A Y Si—O—Si
4R s M Si—O MRz . A% Y4

103

778
798
417

B Si—O—Si X FRMZEHE s ; 2929 em™ Ab ) 4000 3500 3000 2500 2000 1500 1000 500
I 1 06 1 JER o e 420 25 o IF Y S S 52 0 5 £ 445 47 P em”
4 PRt | Sl S 72T
fjJ[M]o EE Ekﬂﬂ , Ca0-SA Epigéﬂﬁz%ﬁiﬁﬁ 10 CaO-SA I[ff Pb ﬁ']EéIgl 7":1El 1El
Fig. 10 FT-IR spectra of CaO-SA before and

i BERIA VR RS

ST EE &l 10 H1 CaO-SA W B Pb> Rij Jim A4 2L 4h
iR, WLIE 1, CaO-SA MY EZLUR I I (1 Fp S A 78k, R KA F, XUl CaO-SA WL}
PO I A B RE A . AR R R S S E LB E A A, mE 10 BoR, &
FEAE 1417 om™" b A W Wi 0 55 BE A KR E A AR, 1 B AE CaO-SA W IfF e R K iy #E b, PR 58
FEILA e A O I o B AL B BB AT, SO MR 0 5 O BR R AR. E, CaO-SA "h i MR IR ER

after adsorption of Pb*"
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TEW B REw BE K PO Ry R b e R REH, X5 ZHOU PV st 45 R —3 . B T P 5K IR
R A VAR G, U TR W B R AR AR A A B, S AR T A A 45 R E O — B
BN, FE 1032 em™' &b B IR IR UG 5 A BT IAEAIG , 5B CaO-SA W B Pb* Ay i 2 rp Ak 82 6 e 1) — %2 10
YER . RZFEP MR, EE R A RERR 5 A S 2R BT PoY A — i MR -

11 24 CaO-SA 19 X LAl it #3% . AT L)
i, CaO-SA fE 26 =20.82°, 26.58°. 36.50°,
50.11°, 59.92°. 68.11°4b 77 7 W { i 4% fiF A7 S
g O R R, EE R SIo, 1Y
W B0 A Rt ot i 43 J AR B A — o 1Y R B BB T o iE
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Abstract In order to treat the alkaline lead-containing mineral processing wastewater, CaO-SA was used to
treat a kind of wastewater in Guangdong. The effects of adsorption time, pH, temperature and dosage on Pb*"
adsorption by adsorbents were studied through the single factor experiment. Through Box-Behnken
experimental design, the effects of adsorption time, pH, temperature and dosage on Pb*" adsorption was
investigated, and the process parameters were optimized. The Pb*" adsorption mechanism by CaO-SA was also
discussed. The single factor experiment results showed that the equilibrium times for Pb*" adsorption was 60
min, the optimum dosage of CaO-SA was 5 g'L”', and the increase of temperature was beneficial to
Pb*'removal. The Box-Behnken experimental result showed that the influence order of various factors on the
adsorption effect was temperature>adsorption time>addition amount>pH. Under the optimal adsorption
conditions: the CaO-SA dosage of 6 g-L™', the temperature of 40 °C, pH 11, and the adsorption time of 30 min,
Pb*" removal rate reached 99.63%. For the interaction of the factors, some increase of CaO-SA dosage and
temperature conduced to the increase of Pb** removal during a short adsorption time. SEM images showed CaO-
SA had developed pores and provided lots of adsorption sites. FT-IR and XRD result indicated that that Pb**
adsorption on the surface of CaO-SA was mainly through chemical adsorption with the combination of Pb*" and
carboxylate in CaO-SA, followed by physical adsorption with the combination of Pb*" and a large amount of
silicate in the adsorbent. This study can provide reference for the industrial application of CaO-SA.

Keywords sludge-based adsorbent; alkaline lead-containing mineral processing wastewater; adsorption;
response surface methodology optimization
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