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Fig.1 Preparation route and grafting mechanism of amino modified coal gangue
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Table 1 Box-Behnken test design and results

e Factor 1 Fflctor 2 Fact(\)r 3 SR
X ¥RREg XREC XEEA KR/ (mg/g)
1 1 0 -1 19.276
2 0 0 0 22.926
3 0 1 1 20.920
4 -1 1 0 17.245
5 0 0 0 22.380
6 1 0 1 20.000
7 0 0 0 22.325
8 -1 0 1 18.805
9 0 1 -1 20.397
10 0 -1 1 22.953
11 1 -1 0 19.366
12 0 0 0 23.142
13 -1 -1 0 17.844
14 0 -1 -1 21.730
15 0 0 0 22.932
16 -1 -1 18.129
17 1 0 18.950

[ )97 ZE M a5 5 W26 2, ZRIARA R P 1A
(<0.000 1) , ZfTin P{E (0.167 6> 0.05) ,

AR IUE RE R (0982 4) FIRRIERE &
HAQIR® (0.9598) , RUNZEALE 7 IR R 1
SEICHAEFIEIRE . FIAAFER (D -
A ==5397+14.19+X, + 1.45%X, + 2.39* X5+
0.0045%X,%X, +0.006% X, %X5 — 0.009%X,%X5—
3.47+X; —0.01xX3 - 0.08+X> €]

MK-DH #H & (X)) , KBHRE (X)) fljk
LB IA] (XD = Rl 2R 50T B W B 8 F e %2 o D 190 22
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. 4 MH-DH 5/, RERE R R AR A = wi,
AR E A, TERELEN D3R 1 B FE A 2 B
MK-DH # Fl B3k # 2.2 g /£ 45 I, HEEE X MH-
DH MR R A B i s, (2% MH-DH i £ ), H
TREREECE MRS, i R R BEC. EE] 2a FI
2cH, BEERPCGE TS, R 2R KRG
BN . TR &, KH-540 7K fif s fE
ik, #ERE 5 MK-DH 46 & S8 ) 36 B 9 B8 2
P MRS TR, MK-DH 52 2| 2 B il 44
gy FHEEAE R R AR TSN 358, 53 MH-
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*2 SWERFENMR (ANOVA)
Table 2  Analysis of variance (ANOVA) for the test results

T7 ZERIR 75 H ®75 Fld Pl BN
Model 65.79 9 731 43.46 <0.000 1 ok
X, - 3.87 1 3.88 23.05 0.002 0 *
X,-im 2.39 1 2.39 14.26 0.006 9 *
Xy IH] 1.23 1 1.24 7.36 0.030 1 *
XX, 0.008 1 0.008 0.05 0.8299
XX 0.000 6 1 0.000 6 0.003 0.9522
XX, 0.12 1 0.12 0.73 0.4212
X2 50.66 1 50.66 301.2 <0.000 1 ok
X2 439 1 439 26.11 0.001 4 *
X7 0.43 1 0.43 2.56 0.153 7
k2 1.18 7 0.17
AU 0.8 3 0.27 2.87 0.167 6 NTES
gl 0.37 4 0.09
SR 66.98 16
T2 Adjust-R> = 0.959 8 R*=0.9824

e *EREE (P<0.05) , *ERREFE (P<0.01) .
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Table 3  Pore structure characteristics of coal gangue and
amino modified coal gangue
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Fig.6 N, adsorption-desorption isotherms and pore size distribution of coal gangue ( a ) and amino-modified coal gangue (b )

234 Zeta HALEAL

YTRL A FLTE 15 0 P (1) B FEL I 56 e e [ 4
bR R AL E EEAE AP, B A,
IR A1 KH-540 Ab3 5 YRR A R 2 S8 1 5 1 AT
A1 1) Zeta HLAL 43 93 S4-30.15. 27.47 F1 35.33 mV,
WA B, HARWEIEEME, RIETW-%
TSI 1) Stern XUF JZ AR, IR A 2 1 1) 58 L IR
B IE AT, BT KA E T O R E, il H 3R
iR RS, BRI BT EE A

IR JZ, PRy IR . BB s AT
AR IR AT KH-540 Kb 3 J5 1 BERT A 1R HL AL BE K,
Ui W Z B A PR A R TR T 2 A A
454 Pob (11D WeBt &R, )R i & B

FE P BE A o
24 FERASURERAX Pb (1) RMITRAR
2.4.1 WP AR 2R

AR IS S R A Ph CTDD 1%
B4, K Langmuir #1 Freundlich J5 f£%F 35 C



.« 162 - W eRa A

2025 4

TG Po (11D KSRGS R BT A T, 4
RIWE 7 5% 4. @B E R A P (11D
W B 2 N B8 45 45 Langmuir W PRASEBIR2, 35 B 0}

12 -
Langmuir

10

0 50 100 150 200 250 300
CJ/(mg/L)

K P (11D PAEAr ¥ 2B 32, AN b &
N 29.274 mg/g.

33r

Freundlich
32+

31

Ing,

3.0

29+

28F m

3.5 4.0 4.5 5.0 5.5 6.0
InC,

7 SEBIREREMTEWRM Pb (11) Y Langmuir #1 Freundlich BYIR M B #IZ%

Fig.7 Langmuir and Freundlich adsorption isotherms of Pb ( II ) on amino-modified coal gangue
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Table 4 Langmuir and Freundlich adsorption isotherm
equation constants of Pb ( II ) adsorption on amino- modified
coal gangue
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Fig.8 Adsorption kinetic equation curve of Pb ( II ) on amino modified coal gangue
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Table 5 Adsorption kinetic constants of Pb ( II ) on amino-
modified coal gangue

HE—% W2

g/ (mg/g) 7.98 q./ (mg/g) 23.98
K,/ (J/mg) 0.020 K,/ (g/ (mgxmin) ) 0.005
R? 0.979 R? 0.999

*6 EEMBIFEREFARM Py (1) HNRNFESH
Table 6 Thermodynamic parameters of Pb ( I ) adsorption on
amino-modified coal gangue

IR E/K  AG/ (kJ/mol)  AH/ (kJ/mol)

AS/ (J/mol)

298.15 -16.64
308.15 -18.57 40.69 192.31
318.15 -20.49
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Fig.9 Mechanism of Pb ( II ) adsorption on amino-modified
coal gangue
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substances were served as pore-forming agents and iron-based substances contributed to the catalyzing
graphitization. The optimal activation temperature and activator dosage were investigated, and the
physicochemical structure of representative samples was analyzed using techniques including Scanning
Electron Microscopy(SEM), nitrogen adsorption testing, Raman spectroscopy and X-ray diffraction(XRD).
The electrochemical energy storage characteristics were evaluated. On this basis, the effect of N and P
element doping on the structure and electrochemical performance of the porous carbon was investigated. The
results indicate that, the pore structure of the porous carbon evolves from ultra-micropores to micropores and
hierarchical pores, while the carbon microcrystals transition from amorphous to graphitic structures during
the one-step chemical activation process with K,FeO,. Specifically, with a coal-to-K,FeO, mass ratio of 1:1
and an activation temperature of 900 ‘C, the porous carbon attains a specific surface area of 1 220.82 m?/g.
At a current density of 0.5 A/g, its capacitance reaches 149.47 F/g, and even at a high current density of 10
A/g, a capacitance retention rate of 77.39% is maintained. The electrochemical performance of the porous
carbon is also enhanced to a certain extent after N and P element doping, with a specific capacitance
reaching 167.45 F/g, and the capacitance retention rate increased to 87.98%. This porous carbon material,
which is characterized by its cost-effectiveness, accessibility, and environmental friendliness, has great
potential for industrial applications.

Keywords: smokeless coal; coal-based porous carbon; co-activation of potassium and iron; nitrogen and
phosphorus doping; electrode material; supercapacitor
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Preparation of Amino Modified Coal Gangue and its Adsorption of Pb (II)

LIU Bojun, YAO Suling, DONG Xianshu, FU Yuanpeng
(School of Mining Engineering, Taiyuan University of Technology, Taiyuan, Shanxi 030024, China)

Abstract: The development of coal gangue adsorbent can not only effectively utilize it, but also reduce the
treatment cost of heavy metal ion wastewater. A series of adsorbent materials were prepared by intercalation,
hydrochloric acid pretreatment and amino modification using coal gangue from JinnengTashan Coal
Preparation Plant as raw materials. The experimental conditions were optimized by Box-Behnken
experimental design method. The adsorption properties of Pb ( II ) in water were investigated. The physical
and chemical properties of the adsorption materials were analyzed by XRD, FTIR, BET and Zeta potential.
The results showed that the adsorption capacity of Pb ( II ) by coal gangue after intercalation, hydrochloric
acid pretreatment and amino modification was increased from 1.89 mg/g of the raw ore to 23.02 mg/g. The
grafting rate of amino groups on the surface of coal gangue is the key to adsorption performance. The
adsorption of Pb ( II ) by the adsorbent conforms to the pseudo-second-order kinetic model, and the
isothermal adsorption conforms to the Langmuir adsorption model. The amino-modified coal gangue
prepared from coal gangue has the advantages of low cost, good adsorption performance, and potential
industrial application value.

Keywords: coalgangue; silane coupling agent; adsorbent; Box-Behnken experimental design; Pb (II).
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