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Adsorption mechanism and optimization of the adsorption conditions of modified serpentine for Pb** removal
XU Pengchao', KE Chuanhao', WU Yan', LIU Zhi*, DU Liyu'", YANG Yuhong’

(1.School of Land and Environment, Shenyang Agricultural University, Shenyang 110866, China; 2.Shenyang Institute of Environmental
Sciences, Shenyang 110016, China; 3.College of Biotechnology, Shenyang Agricultural University, Shenyang 110866, China)

Abstract: To enhance the removal effect of serpentine on Ph* pollutants and achieve efficient removal of Ph* from wastewater, this study
modified natural serpentine minerals at high temperature and investigated the adsorption and desorption mechanism of modified serpentine
to Pb*. In addition, the effects of the amount of serpentine, initial pH of solution, particle size, and absorption time of serpentine on
adsorption amount and Ph* removal rate were investigated. The experimental conditions for Ph* adsorption by modified serpentine were
optimized using the Box—Behnken response surface method. The results showed that the adsorption performance of modified serpentine was
significantly improved. The theoretical maximum saturation capacity was high, and both adsorption processes were more consistent with the
Freundlich isothermal adsorption and the Quasi—secondary kinetic models. The adsorption processes were carried out by spontaneous heat
absorption. The adsorption mechanism of Ph** adsorption by modified serpentine was mainly based on the combination of Mg*, generated

from the cleavage of serpentine, with dissolved CO in solution to form MgCOs, and the solvation substitution of MgCO; with Pb** in solution
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to generate PhCO; precipitate. Pb™ binds to the high—energy bonds formed on the surface of modified serpentine and absorbed in the form
of Pb(NO;),+Si—0 and PbO - 0—Si—O0 complexes. The modified serpentine was adsorbed on the surface as Pb (NO;),+Si—O and

PbO - 0—Si—0 complexes. The desorption amount and removal rate of Pb* in solution were low. The adsorption of modified serpentine on

Ph* was relatively stable, and Ph>" was not easily desorbed out. The best adsorption conditions of modified serpentine for Pb* in solution

were 1:200(m: V) solid-liquid ratio, pH=5.5, 140 mesh particle size, and 36 h adsorption time; the adsorption amount and Ph** removal

rate were 15.26 mg- g™ and 79.89%, respectively. The present study shows that the adsorption performance of modified serpentine to Ph** is

significantly improved, with high adsorption capacity, more stable adsorption, and less desorption, indicating that serpentine has potential

application value for the removal of Pb** from wastewater.

Keywords : high temperature modified serpentine; lead; adsorption mechanism; desorption; Box—Behnken response surface methodology

H i 4 8 15 G 2 N AR AL R ], X
NBAERREFAR RGBT B REM ™ N A
HEGJRZ—, AT A T AGE YRR A
AR K AR 0 JE I B A 5 3R 50 DA R oA i 22
G N E A ETT, B AR R AR AR e () e
TEJE

TE 23 BRIK AR P> 9 J5 325 v, W B9 9 DR HC 48 4= i
BRI a8 B )RR R B T TIZ R
T, DR AR M R AR R B A R LA
B R Y R IR AL R
C 12 N T oK AR A 4 ) TR 4 S TS Y ih B,
SR R SR B R £k 1™ ) ) 7 4 8 104 W B R 7 1% FLIK
B o 1 RN BB M 22, I A R — SE i oY SR B e M R
B ik R R 0 W B8 08 AT R0 M B i W B e
I SUA & — A 2R RERR Sh ), AR R
Mgs(SisOi0) (OH )so BELSUAT 1) SRS F4 2k =\ IHi A Y
5l 1 1 B G 2 ARt — A S A A /T
A S Ak AR O TR J2 A G R b B Mg AT
Fe? (Cr'" Mn™ Ni*"55 4 J& B F IR, g ar i i
2400 F IR AEAE A AT Y Si—0—Si . 0—Si—O0 FE ik
i srh B ARG PR oAb e srh
it HA R R 0 R TR, & — R i b 3
TR - 1 P EE 4 iR T YR 0 T AE W B AE R A
5T 2B 700 CHMHAAL BE R (4 4 b g 800 % K 4
A A Jm AR T A 0 U BRI R AR
M, 56 8 4 JR AN e = i PR e o b A R B AL B
PEFN B 25 AF AR A BRI TR A /D o TR I AR S 36 6 SR 4K
WSO AT RO 256 3l 1 2F AT 2E ok kLR
TERFSE T Rk e o0 % P> B W B LI ; #8598 T A )
T PR g S0 X P> R B AR (452 0 SR FH i
AT X e 20 W B Ph> (R 45 (2 TR Ak A5 Hh e AR
B 25, DI Ay v 00 o 4 4 AR IR B 4 )8
B T AR

1% WHART]

1 #RE5FE

1.1 KIE#F 4}

T MR e SO eSO R H T A KR
ARG b SO HTRE RIS 38 07 , 30 0 I 1 g 80 R ARl
A B ISR, PRl O T b EE S R
RIS R A B T b, PR A S B i
700 CHEA Ty kot 76 BU IR B T FFEBRE 3 h, et
SEUA A H S

AP I 7K B4 1 45 < 4 ] Ph (NS ), 725 9 I i e J
1000 mg - L7 4 55 85 2 /K BEVR, oAt T 75 V5 T 4% B
e AR AR RS
1.2 RAR SRS AR

K F R 5 53 e & S A B U5 (Regulus
8100, Hitachi H 7., H 2 )X AR S et drg S0 W [ Ph?
HI e BTG SR A TR AE S 4 T R A2 5 R A B 21
AME1EAL (PE FT-IR Frontier, Thermo Fisher Scientific,
e [E]) X6 R AR B el g 50 Ay W B G I 1 B e A Ak 2
S AT BT 5 R X AT (PXRD, D8 Ad-
vance, 5[] ) X AR K PRI 20f W BT 9 S IR 25 14
HEATRAE, P B 40 KV, & HLIR 40 mA, FH35TE
710 °~80 °, FHHi K K 0.1 ° 3 R X SR 6 FhEiE
(Thermo SCIENTIFIC ESCALAB 250Xi, Thermo Fisher
Scientific, 5 [ ) Mg S0 W FHATOTR BN AL 7347 5
GBS FRNEGE I BT sCA W 22 Bk Ph> LR,
1.3 LWHE
1.3.1 W B3l g2 525

O3 BIFREL 0.1 g K HR F0 el P 19 i 28047 3 A T 50
mL B B0 A N2 SN 25 mL )46 pH
M5, W E AR 950,100,200 mg - L7 () Ph> 15 i, 16
25 CF 4 5¥%3% 10,20.30.40.60.90 120,240,360 ,
480.600,840.1 0801 440 .1 800.2 160 min, R/
B IR



TRIE 5 WP LT XY P> LB LER S 0EH 26 P A 2045

1.3.2 25 IR R i S 0%

O3 BRI 0.1 g K ER A el o4 1 e 8041 4 A F 50
mL B, W BLOAE N2 A 25 mL )46 pH
M5 U EHC YR A 25.50,100,200,400, 500,600 mg -
LW PO W, 43 BIAE IR B 25 .35 .45 C R R 24 h
Ja B IR E FIE W
1.3.3 WM AL S

PR B — 5 Joit k1) e P i S04 8 K T 50 mL Y 5
DR DA NI 25 mL 100 mg - L7 (1) Ph™ %
T, Fil NaOH 1 HNO, %5 T 1 35 5 9 B9 90 3 pH, IR 7
Bt g B, pHIZE 3.4.5.6; [ L (m: V)
B 1:50,1:100,1:150,1:200,1:250.,1:300.1:400,
1:500, B g 5o 4% hn #4331 4 0.5.0.25.,0.17.,0.125
0.1.0.083 3.0.062 5.0.05 g; ki {2 & 40.60.80.100
150 H ; B 8] 1% & 10 .30 .60, 120,360,600, 1 080 .
1440.1 800.2 160 min.

1.3.4 RS2 5

5 W B S 56 S A el e S0 R i K o 0k 3
Jei J g v ik g A AR B F 50 mL A,
A 25 mL 0.1 mol - L™ i NaNO: ¥ ¥ , Fl NaOH 1 HNO,
VTR T R W) R pH, 3R 3 B0 I L U E TSR

—_
W

[ (a) RERIEL AT

1 Fsf R o

Amount of adsorption at t/(mg-g™")

0 400 800 1200 1600 2000 2400
152 [k Bst (1] Adsorption time/min
157 (e) RRMLCA

._.
[=]
T

 EF IR o Ak
Amount of adsorption at ¢/(mg-g™)

5 -
[m}
0 ) ) ) ) )
10 20 30 40 50
A% BFFAS ] Adsorption time®*/min®®
O 50mg-g’ O 100 mg-g™ A 200 mg-g™!

—— E—23h J12F Pseudo—first—order kinetics

pHIXE 2.3.4.5; A5 1.2.4.8.16 .24 h,
1.3.5 Box—Benhnken 1.0 2H A 56 1561

K FH W N AT S5 56 3% 1 BBD 5 42, 1k BUWE [ L
(A) WP LG pH(B) (BRI (C) Rife (D)4 4>
A2, DA CPE B 80 AT X6F Ph> B Wz BB 701 2 4 3 kg i Jsj
EBET PR 2R KSR TR, FHREM 3K
R -1.0 1 T4 AS, an e 1 s o
2 FER58
2.1 RPN HFER

AR e BE T AR K el g 80 W B Ph> i sl 1
SRR AL R LA 1, SRS EE LR 2, HE 1
AT R e R AP e Ay B I R 3 R B R AR i 4

*1 THFEHEKERRHD

Table 1 Level and coding of test factors

IKF- Level
X% Factor
-1 0 1
A E EE Liquid to solid ratio/(mL-g™) 100 150 200
B AW MM IR pH Initial pH of the solution 4.5 5.0 5.5
C 1 S bt [i] Adsorption time/h 24 30 36
D#i4%/H Particle size/mesh 60 100 140
25 (b) MRS
A A
JAY
VA

£ IRF IR
Amount of adsorption at t/(mg-g™")

500 1 000 1500 2 000 2500
157 [ H5- 1) Adsorption time/min

25 - () ePEipscry

[\S]
(=]
T

¢ HF IR
O

Amount of adsorption at t/(mg-g™")

)
:

W
T

(=]

10 20 30 40 50
1% W b 1] 0 Adsorption time**/min®’

—— Uk 99 B Intraparticle diffusion
—— UE 9 )12# Pseudo—second—order kinetics

B 1 R R ek 50 U B Ph™ B WS B 3 1 SF A B

Figure 1 Adsorption kinetic model of Pb** on natural and modified serpentine
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Figure 2 Adsorption isotherm model of Ph** adsorption on natural

Freundlich

Langmuir

and modified serpentine
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Table 2 Parameters of adsorption kinetics to adsorb Pb** by natural and modified serpentine

IR P> JiE
MR Initial Ph>

Adsorbent concentration/

E— 2 gy )y 2

HE 2l I A

Pseudo—first—order kinetic model Pseudo—second—order kinetic model

UKL

Intraparticle diffusion

(mg-L™) K, ¢/(mg-g") R K, g/(mg-g™) R K, R’ K, R? K; R

KIRMEEA 50 0.010 4 8.37 0.876  0.001 6 9.11 0.961 02866 0977 0.0595 0.934 — —

Nat“”fl 100 0.0125 12.82 0.855  0.0013 13.86 0.956  0.5209 0.996 0.1076 0.944 — —

serpentine 200 0.015 1 13.19 0.838  0.0016 14.09 0951 05179 0992 0.0882 0.977 — —
igdd ees) 50 0.154 5 9.58 0.844  0.0302 9.84 0971  0.6338 0935 0.0570 0985 0.0005 0.839
sl\g::il;ie 100 0.0538 1823 0.769  0.004 8 19.02 0960 1.6309 0.996 0.3334 0948 0.0402 0.901
200 00297  22.13 0.818  0.0020 23.31 0.955  1.1420 0.949 02985 0.988 0.0460 0.950

1% WHART]



TRIE 5 WP LT XY P> LB LER S 0EH 26 P A 2047

F3 RARK IS AR P IR M ERER S
Table 3 Parameters of isotherms model to adsorb Pb** by natural

and modified serpentine
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Figure 9 The response surface and contour of interaction of various factors on adsorption capacity and adsorption rate
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