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Study on the Adsorption Properties of Lead Ions in Coal Gangue Modified by Amino and Sulfhydryl Bifunctional Groups
LEI Rui, DONG Xianshu, FAN Yuping , MA Xiaomin
(School of Mining Engineering, Taiyuan University of Technology, Taiyuan, Shanxi 030024, China)

Abstract: The solid waste coal gangue produced in the process of coal mining and washing and the discharge of Pb(II) from
industrial wastewater will bring great harm to the ecosystem and human health, and it is of great significance to study the
efficient removal method of Pb(ID) and the rational utilization of coal gangue for ecological and environmental protection. A low-
cost aminothiol difunctional modified coal gangue (CG-SHNH) composite material was prepared by grafting 3-mercaptopropyl
trimethoxysilane ( MPTMS) and 3-aminopropyl triethoxysilane ( APTES) with coal gangue. The physical and chemical
properties of the adsorbed materials were investigated by means of XRD, XRD-EDS, XFR, FTIR, SEM, Zeta potential, and
so on. And it is found that new bands appeare at 2 930 cm™ ! and 2 560 cm ', corresponding to C—H and S—H tensile
vibrations, respectively, and a new peak appeares at 3 367 cm ', which is the absorption peak of N—H bonds, indicating that
the surface of CG-SHNH is rich in amino and sulfhydryl functional groups. The results of N, adsorption-desorption analysis
indicate that the average pore size of CG-SHNH increases significantly, from 17.33 nm to 24.54 nm. The study on the
adsorption performance of CG-SHNH for Pb( [l ) shows that the optimal adsorption capacity of CG-SHNH for Pb( Il ) is 125
mg/g when the addition amount of CG-SHNH is 1 g/L, the contact time is 20 h, the temperature is 25 C, the pH is 6.6, and
the initial concentration of Pb ([l ) is 600 mg/L. The adsorption mechanism shows that CG-SHNH amino and sulfhydryl
bifunctional groups can synergistically promote the chelation adsorption of Pb ([l ), exhibiting excellent heavy metal ion
adsorption ability.
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Fig.1 XRD pattern of coal gangue
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Table 1 XRF analysis of coal gangue and
two modified coal gangues %
CG 50.49 42.09 5.22 0.172 0.545
CG-SH 44,97 39.00 13.03 0.142 0.450

CG-SHNH 43.48 35.69 14.83 0.112 0.413
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Fig.3 SEM images of CG, CG-SH, CG-SHNH, CG-SHNH after adsorption of Pbh( I )
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Fig.5 SEM and SEM-EDS of CG-SHNH
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of CG,CG-SH,CG-SHNH and pore size distribution
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Table 2 Pore structure analysis results of
CG,CG-SH,CG-SHNH

CG 17.97 0.077 9 17.33
CG-SH 8.70 0.062 0 28.33
CG-SHNH 5.78 0.035 0 24.54
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Fig.7 Effect of absorbent dosage on the adsorption rate
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Fig.8 Effect of contact time on adsorption performance

2.2.3 46 pH
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(T, H R B 28 37 A AR, S 4 I R 38 387 ek 559
LTI A v S A B 2 PR S 3 5 Ph (D 1) I A
I RS Al W B O B Ak R A2 pH AR R Y S IR DN
H AT L, CG-SHNH A6 Ph(lD ) W Bt i A AR K
(4R T, 3B TE 38 5 1Y pHL 3 B P B 15 v %) W o
XAPRFPESE CG-SHNH X 5 4 J& & /K i Ab 2 5 1 225



FHLFRA A A E R AR AT o A4S B F e R M e A R [T B R 5 T K, 2025,45(2). 285

s ek m PR RN pH BRI 6.6,

CG-SHNH
ol /&:H
ol ’/‘/_—0/—’0’—'
ﬁ'
481
=
o/
32+
£

—
[=2]
T
E
@

B EApH
9 WRBA R pH XF IR B 1 B8 95 T
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Fig.10 Effect of initial mass concentration of Pb( I )

solution on adsorption performance
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2.3 CG-SHNH 3t Pb( T ) R B 4T AFH R
2.3.1 R B4R 2

J TSR R EDY R PO B FAE CG-

SHNH W 5] - iy 7 5 15 B 8 55 395 R v v B8 i) A
Fet AR WFFE N T Langmuir A1 Freundlich %~ 4§
k52 S TR %o 3 0 Sl AT A B (DL 1D, FE = iR
MR 25 T W HW BN 1 g/L B CG-SHNH &
A0 B A RE, X RE AE 50 ~ 600 mg/L 2 6] Y
PhCIlD W HEAT T W2 B 52 .

C. 1 1 b C.
C.+ _Q

Kign e 14+0C.°

de Gm

Langmuir #5781,

Freundlich #5 #: In ¢. = In Ky + % In C.q. =
K:C,
O c g R A I Y R 2 B mg/ g C R IR P
R PhCID HBE w mg/Ls g, R R E K PhCID)
W B 75 i, mg/gs b S WTRH B Ko g R B4
WL g W B

aF
3L
S
S2f
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Fig.11 Fitting parameters of CG-SHNH adsorption

behavior of Pb( Il ) under Langmuir and Freundlich models

3 WAL B LGS SRR LA G R
BOR? B2 0.997 1 o0.948, K K 45 B % 9,
Langmuir SF R ¢, fH 125.79 mg/g 5 L Frik
B PhC D) MR g Al 125 mg/g #0350 PhC 1)
P8y W o LA P2 R A =
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% 3 Langmuir 5 Freundlich #H & il &§ & £}
Table 3 Fitting parameters of Langmuir

model and Freundlich model

%l qm/(mg/g) K /(L/mg) R?
Langmuir 125.79 0.084 0.997
15571 q.(mg/g) K, R?
Freundlich 74.731 12.33 0.948

2.3.2 WEREh I

AT UL CG-SHNH %7K f& i Ph (D i 1 B AL
W AEARBESE T I8 T — SR 48 Iy Rt
TS WSS EORE L 4, U2 R ILIA 12,
WRAEZ 4 P B — 903 g 27 RO Je B A A DG &
BRER T8l e B, X R UIE % g )i+
REALRE RS B ME R Hu 1 & CG-SHNH Xt Ph (D )
BEIE R . 2R s o ik W B e A T o e A = W
BLAHEAT T 4y 2R A FH DU Al B A

R4 H—RBHHNBEZRFHNFBESH
Table 4 Fitting parameters for quasi-first-order

kinetics and quasi-second-order Kinetics

B J1% q./(mg/g) K, R?
E—9% 83.87 0.001 17 0.895
EIPIE q./(mg/g) K, R?
.73 111.11 0.000 2 0.999
-
45| =
y=0.001 172+4.292 5
- R2=0.895
T40f
S}
=
35
3'0 L 1 1 1 1 1 1 1
0 200 400 600 800 1000 1200
t/min
(a) —BHh%
12F
9 -
s
= 6}
=0.009 952+0.374 31
sl R2=0.999
Of, : : i ;
0 300 600 900 1200
t/min
(b) Z&kFHH%
B 12 CG-SHNH W Bt Pb( 1 ) #E— 2% F0
ZRHNERESH

Fig 12 Quasi-primary and second-order kinetic fitting

parameters for CG-SHNH adsorption Pb( I )

2.3.3  WEFRHAILERWI AL 43 By

CG-SH Ml CG-SHNH [ Zeta H i 43 %] N
—6.755,—45.45 1 —19.05 mV, & ¥ I 1F H# ¥,
CG. #i B o v, ) A, CG F & & 0% T Rk 4%
FEW It B R EH &S PhCID Z | Si—O
SRR EAE T AR BT DA Ak S MR Ry 32 S ek A L T
KRG 5 7% PhCI ) Y B 25 R . W B ook 72 A9 L
FRULE 13,

SRR o,
e o CO: o— PFRELE

OH ° .
HO @ —_ 0 Nu- 0 BHER
SH >

r——SHJ 9
5oy o ° EiERm %0 o 9

® @Pb*
13 SEURZEBSIGENETAX Ph( 1) & WK B L H
Fig.13 Adsorption mechanism of Pb( Il ) by amino
and sulfhydryl-modified coal gangue
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B ) Hb 4% R T A R A A
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JE K H W BRI UEAT TR ABFSY . 7E 25 CEIR &
FF 4% W pH A 6.6, B 4G PbC Il ¥ JE A 600
mg/L B ZMRAE 20 h N ik B 32 30T S A 04 0 BRER
& HW R A B B S T CG M CG-SH )
B, APTES Ry M MPTMS 1 #i L0 &
X PhCI ) Ay W B 522 B8 4 2 1) D D 4680 8, K s 4 7 17
G BRI R B A5R

(3) WE = zh ) AT iR T CG-
SHNH W 47 25 -5 10 W B 2 55 R W B Bsf 8] 7 ¢ &
BN T DGR B S 0 ke . B Ak AR W
SR 1 E 5 e, WA 2 SR B U G Langmuir W% Fff
BEARY, W] CG-SHNH MR 0 B 32 228 5153 1 12
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