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Preparation of Functionalized SY-MOF-1 Composites and Their Application
in Lead Removal from Soil
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(1.School of Environment, Shenyang University, Shenyang 110044, Liaoning, China; 2.School of Employment and

Entrepreneurship , Xinglin College of Liaoning University of Traditional Chinese Medicine, Shenyang 110135, Liaoning,
China)

Abstract; SY-MOF-1 composites with distinctive structures and properties were successfully synthesized using precursors
containing hydroxyl, carboxyl, amino and other functional groups. The effects of SY-MOF-1 composites with different
functional groups on lead removal from soil were investigated. The results reveal that surface functional groups, specific
surface area and pore structure of the functionalized all composites all change remarkably, providing abundant adsorption
sites for lead ions. The functionalized SY-MOF-1 composites were used in the remediation of lead-contaminated soil, and
the optimal adsorption conditions were determined as follows: solution pH of 6, reaction temperature of 25 “C and
reaction time of 20 min. It is found that under such conditions, SY-MOF-1-AMP presents a higher adsorption capacity for
lead in soil, reaching 146.5 mg/g. The adsorption process of lead onto functionalized SY-MOF-1 composites conforms to
the pseudo-second-order kinetic model and Langmuir isothermal adsorption model, indicating that the adsorption is
dominated by chemical adsorption and features monolayer adsorption. The functionalized SY-MOF-1 composites exhibit
excellent performance in the remediation of lead-contaminated soil. It can serve as an efficient material and a feasible
technical route for the treatment of lead-polluted soil, thus possessing promising application prospects.
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FLAE 25 ¥ P RG4S A, 7 i O f
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Ui0-66 HA MR FME5 1, B85 B 5 50 % — T AR e
PR HAT R A7 By $AF 0 PR Ak 2 Aeoe 1, & —
PRAE AT 4 @ W BFF5R0 ), AR, B AR SY-MOF-1 7652
B 7 FH R A AE XS B 1 (Ph>Y ) e B vE W Bt i S AT BR
I o 22 AN 5 ) A R T A - S e
FRIR e

H T SRR IR, R SIS E Y E LA 1B
ZH A 4 JE s e S HAb MR R A % X, T DL
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1.1 #RfE
1.1.1  Zh4edk SY-MOF-1 ##Hed 4] &

K K #k il %5 & 50 D) g fb SY-MOF-1 #f
B LR B R

N, N-Z WYL BT i ( DMF) 50 mL, & T %5 &%
RS TP 0.36 g 2-%4 XA H R
0.45 g FAALEE L I 5 mL WeER IR (JAT 7)) , X FIR A
AT 30 min LRI (208 5 0 e Vs . RIR
BTS2 3 R R 28 7 130 °C RIS N 24 h,
RIG BRI EE R, W B0 E 0 5t k™
Yy, B FH P B A = e ik 3 1K, DA BR AT gk
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Fe IR R A AR, 43 AR FH 2- B X R —H
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2-F X R W R, il 45 45 2 77 ) SY-MOF-1-OH |
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R =9 L BRVE AR TR il 4 SY-MOF-1-SO, H
8 T R RV R )
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B R U L R 2 = JFAE 120 °C
T RIS 48 h, NS, Zoad B804 8 DRI
TR W53 HAR ), A 454 SY-MOF-1-AMP,
1.2 MRRAE

K H X 54T 474X ( XRD, 78 E Bruker D8
ADVANCE ) Il 5 #4468k 1) f 1A 45 46 5 >R FH AR B AR 46 21
5[‘7“6135‘1')‘(( FT—IR,?%E[ Thermo Scientific Nicolet iS20)
FAEAT R 2 1B AE P AL I B0 5 SR b 2 i AR 3K
I (BET, 22 [E Micromeritics ASAP 2460 ) FAEA R 1
FemAFNFLEE Y
1.3 TEHANTLESHESENE

R R BT AR R H (0~20 em 3
B4 T BHE IS i, HC-0.15 mm IR AL A
Mo BEREAMAMETCY . pH=6.8(/K L[k 2.5:1) A
ML i 18.6 ¢/kg FHES T 2H i 12.4 cmol/kg, FEL
HA7 4 8 B 1 (SR ICP-AES %€ ) }y: Ca® 245 mg/kg.
Mg 89 mg/kg. Fe’* 32 mg/kg, Mn®* 8.5 mg/kg,Cu’
5.2 mg/kg. . Zn"" 6.8 mg/kg,

S HERR 2 PR 4 48 b B AT BIL R P T
[ B S RE S e+ 3V W S AR B - I R, S I Bk
IR PRW Y B 2, 25 B K AN, A
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/NTF0.05 mg/L) B HoA 3228 T B, AR E 4
R HT4E Ph(NO, ), . CaCl, MgSO,  FeCl, ,MnSO, .
CuSO, \ZnSO, 55 FLHI L+ 3 W, Forp Ph™ Tk
JEFE S BRI E M 50~ 400 mg/L, HAth B Tk E 5
TR W — 2, W pH EH 0.1 mol/L HCI Ik
NaOH ##75,
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XRD patterns of 5 kinds of functionalized SY-MOF-1
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Fig. 1
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Fig.2 FTIR spectra of 5 kinds of functionalized SY-MOF-1

composites
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P T ZAs ], — R, LR T AR, W A ek
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Table 1
functionalized SY-MOF-1 composites

BET He&m A/ t-Plot L FLIARL/

Pore characteristics of 5 kinds of

M s 551

(m* - g™h) (em® - g™")
SY-MOF-1-OH 873.5 0.297 4
SY-MOF-1-COOH 702.9 0.198 2
SY-MOF-1-80,H 783.1 0.1273
SY-MOF-1-NH, 1147.2 0.394 7
SY-MOF-1-AMP 1021.8 0.3612
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Fig.4 Effect of temperature on equilibrium Pb* loading
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T T W o FsF Tv) 2 TR P 5] 2 T 1 955 P A6 6 8 ¥
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Fig.5 Effect of adsorption time on Pb** loading
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AT T B0k B B 55 BRI BG I, 2545 I R 45 1 g 2
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W BRI H: 4 o/ L R NE IR 25 °C R pH 1 6 2 hR
Pb* U VR 200 mg/L W FFFA ] 25 min,, DAk S5
T,5 Fh o figfk SY-MOF-1 #4 ¥} 1 SY-MOF-1-AMP H
A P> I, R 146.5 mg/g,
2.3 WRFshHZE

W B Bl 7 2% 32 A oY W B e R e g R S (R
Ph** ) ZEW R ( S REAL SY-MOF-1 18} ) 2% 1 it W
R L 5 i U B S R P PR 2 B )T S I AL
AL B T2 4% B 28 X, YIRg ik SY-MOF-1
A REXF K VS R A A R 8 20y g 2 A s 3 0
T AR HL (P> DAVA VR 2 AR 1) W BRI A T 1)
PR L (P> 7E W B 7R FLAE P90 LA B IR R
(P 5 8 o 5500 2 T 6 v oS & AR S5 B O ) o 4 IR
FHE— R AE 2 8 1 2# AN 5 FhigE L SY-MOF-1
R Ph> AT LG, e MRS I an i 7 iR,
5 FhIfefk SY-MOF-1 # Bt Pb* (1 20 11 2% S %K
Wk 2, MK 7 fiZk 2 v, Pigefk SY-MOF-1 #4
W BFF A ) 2o A T, o — R Bl D) S T UL B 2R A
K BB (R? H 0.833~0.949) , 76 W% i 1A, W B 5t
FEANAN Z B B o, 18 P RESD B T A2 2% (4 A 27 R
TR RS AR AL A 5 T (R =0.992) , Ui
Ak 27 W B A 2 W B Ao A b ke T2 S AR, T RE
Pb> 5IhHEAL SY-MOF-1 Mk} 1m0 09 B RE A &4 T
fherst G e 124 S G RN, JE A
Gpgh F12FAR AL 0] A B G S A7 I R RN R e R
FH T EAR W R RE R T E A EE S
VIRIENS

% Fft Esf 1] / min
(a) ME—ZB 5RO (b) HE—2a) )y R
B7 5 FIhEEWL SY-MOF-1 #HAHRH Ph>
BB S F LIS 2
Fig.7 Linear kinetic fitting curves of Pb** adsorption by
5 kinds of functionalized SY-MOF-1 composites

F®2 5 FIHEEML SY-MOF-1 ¥R Pb** BB NS H
Table 2 Kinetic parameters of Pb*" adsorption on 5 kinds of

functionalized SY-MOF-1 composites
WHE—2R ) 1 A Al b S PA i

% B39 4 P R
SY-MOF-1-OH 4.19 0.13124 0.847 0.0151 0.0080 0.994
SY-MOF-1-COOH 4.41 0.15958 0.849 0.0153 0.0074 0.992
SY-MOF-1-SO;H 4.61 0.17960 0.949 0.0110 0.0072 0.996
SY-MOF-1-NH, 4.59 0.16312 0.980 0.0104 0.0071 0.996
SY-MOF-1-AMP 3.93 0.12494 0.833 0.0063 0.0070 0.999
2.4 WRMEREZ

TEWEFE T BEAL SY-MOF-1 £4 } X5F 4% i) W B 4 fik
I, 25 0 A O A 75 i AL ik WA Ak 5 AR 8% B AL o ) e 2
TH, #Ife b SY-MOF-1 # kXt Pb> i 0 B 45
Langmuir £, N Z R D HEfL SY-MOF-1 #4 K} 3% 171 1Y
TEPERLEUN Ph> g JF BA 28—, 2R A BRI
Fft. Freundlich 25 W BRI I 0 e 7E AR 4 5 3
T b AT A4 22 J2 W B, W RA 5 1~ 2 TR A A AR
2 T IIREAL SY-MOF-1 F1E0S Ph* A5 iR 2, Of:
SR A Langmuir A1 Freundlich 55 il W A% Y 3547 $1
L AERANIE 8 R MRS SRR 3 B, R
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EE 8 FiER 3 &gt R A ) FpAA L Langmuir A
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2) TEAR L S Y 2 bR SE g b RN i BE
25 C WLFHFRI A 4 o/ L W pH {H 6 46 Pb™ it
WeRE 200 mg/ L W BFFERFIR] 25 min A FEAL S50 T, SY-
MOF-1-AMP X 43 4y i W 25 B34 3] 146.5 me/g,
R A RS MR TR E R T,

3) Wit sh s A5 AR R, Difig Ak SY-MOF-1
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24
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S
0.8
04
0 'T 1 1 1 1 1
0 50 100 150 200 250
C,/(mg-L")
5.4
(b)
51F
4.8 |
5 ast
= SY-MOF-1-OH
42 o SY-MOF-1-COOH
4 SY-MOF-1-SOH
39} ¥ SY-MOF-1-NH,
B + SY-MOF-1-AMP
3‘6 L] 1 1 1 1 1 1
3.0 34 3.8 4.2 4.6 5.0 5.4 5.8

InC,
(a) Langmuir SR WML (b) Freundlich 55 I FH A5
B8 5FMIEEIL SY-MOF-1 #F LI M Pb*
IR N F LA S Lk
Fig.8 Linear thermodynamic fitting curves of Pb** adsorption by

5 kinds of functionalized SY-MOF-1 composites

%3 Langmuir 0 Freundlich iR R HEE 245
Table 3 Langmuir and Freundlich isotherm adsorption

model parameters

Langmuir #5751 Freundlich 5 7%1
W91 4% i g . -
I Ky, R Ky /n R
SY-MOF-1-OH 0.1251 0.0077 0.991 2.3350 0.4809 0.838

SY-MOF-1-COOH 0.1405 0.0068 0.990 2.2843 0.5069 0.916

SY-MOF-1-SO;H  0.0975 0.0069 0.991 2.4384 0.4795 0.914
SY-MOF-1-NH,  0.1078 0.0065 0.991 2.3198 0.5113 0.895
SY-MOF-1-AMP ~ 0.1047 0.0065 0.990 2.2678 0.5241 0.898
:l-: N
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