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Kinetic and thermodynamic study of phosphate adsorption by Spontaneous
combustion coal gangue
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Abstract  Spontaneous combustion coal gangue has good adsorption ability for removing phosphate in aqueous
solution. The adsorption of phosphate by spontaneous combustion coal gangue was therefore studied. The influ-
ences of adsorption time, initial concentration of phosphate solutions, and temperature on the adsorption of phos-
phate were observed. The results indicate that the maximum adsorption of phosphate was 7.07 mg + g~ ', the
phosphate adsorption equilibrium was attained after 120 h, and the adsorption process was well-fitted to a Lang-
muir adsorption isotherm when the temperature was 298 K. The study of adsorption kinetics shows that it was also
well-fitted to the patterns of pseudo second-order and particle diffusion models, indicating the coexistence of
chemical adsorption and physical adsorption in the adsorption process. Thermodynamic parameters—AG
(-10.52, -11.74, -14.89)kJ - mol ™', AH: 46.96 kJ - mol™", and E: 63.71 kJ - mol '—revealed that
the adsorption process was endothermic and spontaneous, controlled by the chemical and physical adsorption
processes.
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Table 1 Chemical composition of coal gangue /%
4 Si0, AL O, Fe, 0, Ca0 K,0 Na, O
Lt ] 58.49 22.74 6.41 2.81 2.58 1.68
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Fig.1 Spontaneous combustion coal gangue adsorption/desorption curve and distribution of pore size

15 BT A 0 - 3R B 2 0 2 v FL N %2 R B AR B TG . A P/P, T 1IN B Sk i, 2
] [ HRERT 73 TP A7 A AL (FLASE T ZE S T 50 nm) o B 1 ()2 FAMERT A 19 FLA 40 A P LA/ T 2 o
B BAL ALK T 50 nm BOBR N AAL  FLARAE 2 ~50 nm Z FROF oL, HIE 1 (b) AT AR AL S £
BAEPF 3 nm A7, S ARTE 3. 82 nm &b JB AL, HWERMEEA N 495 m> - g,
2.2 WHMI&ERZ

Sy BN 1R BT 25 U B £ Tl % 45 A R B 6r .
RS o R 7 02 B AR IR0 0 e Bl e - il
W, TR R 3 BT, AE R — 2 AT of
(208 K, 3l Job 75 VL O Y 5 B0 i 1 o e s 0
T B T 1 R B %l e W B
W I 2 FR, TEBE R Hh W0 GV I A I g ;
ORI B % e P 1 D0 T K I S % ) B ik EE 1 g N
T, R k2 T (0, 5 ik B 6.0 mg - 030 100 150 200 25 300
o T L IRBERT 47 B 1R S W W R L TR v Comert
A USR] B R SR o U4 A % R B v R B R U 0. 98 P2 AR £ e 7 il ) A B 45 1 2%
mg - g—l IR T 6 AL E I S Fig.2  Adsorption isotherms of phosphate by
¥ ,%.? i T [ 2 T 2 1 % R 4 Langmuir F spontaneous combustion coal gangue
A Freundlich 7 BI4 . FHIX 2 RO AR AMHF T LA 1 R BH B | 45 T 3. (a) 13 (b) 775,

gJmg-g™)

|
350

60 1.0 -
S0+
. 4of 05
w3 [
% wf S
O‘ ! =
S oaof ol
10
-
0 L " I N L ! | -0.5 L L L L y
0 50 100 150 200 250 300 350 0.5 1.0 1.5 2.0 2.5 34
Climg-L) InC,
(a) Langmuirtsit; (b} Freundlichfizt;

%3 H Langmuir Fl Freundlich W 55 i 20306 09 H AT A 0% Bl 04 45 R

Fig.3 Langmuir and Freundlich model fitted isotherms of phosphate by spontaneous combustion coal gangue
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Table 2 Langmuir and Freundlich adsorption constants

and correlation coefficients

B8 Langmuir 58 Freundlich

Q,/(mg-g™") 7.07 Ky 0. 499

K./(L-g™") 0.016 1/n 0.619
R? 0. 999 R? 0. 894
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Fig.4 Dynamics curves of phosphate adsorption by spontaneous combustion coal gangue and

fitting of three dynamics models
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Table 3 Dynamics related parameter values of phosphate adsorption by spontaneous combustion coal gangue

v th—2% b2
/(mg - L") by R kz K

20 0. 005 0. 889 0.053 0.998

30 0. 008 0. 899 0.011 0.976

60 0. 006 0. 859 0. 009 0.988
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W R 22 A R Y BB 43 % 20 30 F1 60 mg - LK 3 AN 900 1A v EE i IR R 1 0 B 3k R ) 3
Bt THAA 3 DB G A C R R 40 02 . — i BL 0. 879 ,0. 963 1 0. 995 ; — B Bt 0.977,0. 992
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Table 4 Thermodynamic parameter values of adsorption of phosphate by spontaneous combustion coal gangue

AG AS AH E
T/K
/(kJ + mol 1) /(J+ (mol - K) 1) /(kJ - mol™") /(kJ + mol™1)
298 -10.52 192.57
308 -11.74 190. 29 46. 96 63.71
318 -14.89 194. 20
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