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Abstract: The Low rank coal surface with oxygen—containing functional groups was strong hydrophilicity and poor floatation. This study
used the non—ionic surfactant nonylphenol polyoxyethylene ether (NP-10) and inorganic salt ( NaCl,CaCl, ,AlCl,) to adsorb and modify
the surface of low rank coal ,and further to investigate the synergistic modification behavior. Adsorption experiments show that the equilibri-
um adsorption capacity of low rank coal slime on NP-10 gradually increases with the increased of its concentration, after that it tends to be
stable when it reaches a certain value. The adsorption is in accordance with Langmuir adsorption model. Gibbs free energy (AG) and
standard adsorption enthalpy (AH) with negative value show that the adsorption process is spontaneous exothermic. AG gradually decrea-
ses with the increase of temperature, indicating that increasing temperature can promote adsorption. Adsorption kinetics results show that
quasi—second order kinetic adsorption mode is suitable for the adsorption of NP—10 on low rank coal surfactants. The addition of Na*,

13+

Ca™ , A’ can promote the adsorption of NP=10 on the low rank coal slime,among which the promotion effect of AI’* is the best, followed
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by Ca® ,and finally Na*. X—ray photoelectron spectroscopy ( XPS) results show that the content of carbon element on coal surface signifi-

cantly increases after adsorption,while the content of oxygen element significantly decreases. It reveals that the hydrophilic group of NP-10

is combined with the oxygen—containing functional groups on the surface of low rank coal,which effectively covers the coal surface and im-

proves the hydrophobicity of coal slime. Due to addition of Na*,Ca®* and AI’* | the content of oxygen element on the surface of coal after

adsorption are reduced by 5.79% ,6.77% and 7.42% ,respectively. The contents of oxygen—containing functional groups on the surface of

the low-rank coal also decrease, especially C—O functional groups. All the three cations could promote the adsorption of NP-10 on the

surface of low—rank coal slime,the promotion efficiency of three cations is Al**>Ca* >Na®.

Key words : electrolyte ; surfactant ; low rank coal ; XPS
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Fig. 3 Adsorption isotherm of NP—~10 on coal surface at different temperature
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Table 1 Fitting parameters of Langmuir and Freundlich adsorption equations
Langmuir Freundlich
R figE TR It/ C
q./(mg - g™") K;, R? Ky n R

35 31.85 15.43 0.999 4 26. 82 0.03 0.431 4

T 45 39. 06 10. 47 0.998 7 25.31 0.07 0.622 0

55 47.39 6.91 0.999 7 23.81 0.10 0.875 4

35 33.00 17.83 0.999 7 32.32 0.02 0.045 1

NaCl 45 42.74 11.30 0.998 9 25.78 0. 08 0.5155

55 54. 64 7.87 0.994 0 17. 64 0.18 0.614 7

35 33.44 24. 44 0.999 8 28. 82 0.03 0.856 7

CaCl, 45 43.67 16. 39 0.999 7 21.12 0.12 0.884 6

55 62. 50 10. 64 0.998 9 20. 60 0.18 0.816 2

35 39. 06 24. 89 0.999 5 23.94 0. 08 0.794 7

AlCl4 45 50.76 17.18 0.998 7 21.74 0.14 0.756 5

55 69. 44 11.63 0.983 2 13.93 0.27 0.662 4
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R*, JIMA Na* Ca® (A" J5 1) Langmuir W% B 77 72 19
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Table 2 Thermodynamic parameters

FEL A ST 2 WREE/C qn/(mg - g™") K AG/(KJ +mol™)  AH/(KJ -mol™")  AS/(J- (mol-K)™")

35 31.85 10. 30 -41.34 -33.74 24. 69

7 45 39.06 6.97 -41. 66 -33.74 24.91
55 47.39 4. 60 -41. 84 -33.74 24. 68

35 33.00 11.90 -41.71 -34. 36 23. 88

NaCl 45 42.74 7.53 —41. 86 -34.36 23.59
55 54.64 5.24 -42.19 -34.36 23.88

35 33.44 16.30 -42.52 -34. 89 24.78

CaCl, 45 43. 67 10. 90 -42. 84 -34.89 25.02
55 62.50 7.09 -43.01 -34.89 24.77

35 39. 06 16. 60 -42.57 -31.93 34.54

AlCL 45 50. 76 11. 40 -42.97 -31.93 34.72
55 69. 44 7.75 —43.26 -31.93 34. 54
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Table 3 Kinetic equation fitting parameters

0./ ME—2ah 1% WEZ R )%
AR TR ]
(mg-g™) q./(mg-g™) ky R q./(mg-g") ky R
TEH 7 T 31.85 12.11 0.152 4 0.9527 31.35 0.036 1 0.997 9
NaCl 33.00 13.43 0. 100 2 0.959 9 33.56 0.029 8 0.997 5
CaCl, 33. 44 11.04 0.108 8 0.933 8 34.06 0.032 5 0.997 9
AlCl, 39. 06 7.32 0.141 7 0.754 3 38.21 0.028 4 0.999 6
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Table 4 Comparison of coal sample width scanning before and after adsorption

JERE TG Ha ik I NaCl CaCl, AICL,
JLE
giate/eV SR/ % BB/ ER/% AR/ eV SR/% ginfe/eV SR/ % giafe/eV SR/ %
Cls 284.78 53.42 284. 85 56. 62 284. 85 62. 41 284. 82 63.39 284.93 64. 04
0ls 532.99 46.58 532.89 43.38 532.76 37.59 532. 80 36. 61 532.81 35.96
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Table 5 Cls Peak fitting results of coal sample surface before and after adsorption

BRI & %
EEAZEEES -
JEHE TG HL A T NaCl CaCl, AlCI,
C—C/C—H 53.76 55.69 55.92 57.88 58.63
c—O0 40.53 37.90 35.94 32.97 30.22
cC=0 2.38 4.79 6.26 7.92 9.98
0=C—0 3.33 1.62 1.87 1.23 1.17
3 & i 3)XPS Z5 R KW, WH NP-10 J&5 , R M C
0o (A

1) AR 5 AL 3% 1 0 v Fl—— T 3 i R A L
STk (NP—10) S A2 FE ), JOMIE AR e Ay a6 A o it
TR g, 38 Ao R B 46 e B i 21 APl 3 A
(FTIR) X HF£k G H T RETE (XPS) | Zeta HL AV 254G
T BT AR EALEE IR IR AR T T AR AT
HLERFHES 7 (Na® Ca™ A" X HAHLH A 5200

2) W BRI R B 3l 1 24 iR e B, NP-10 7
KA EE 2 18 A W B 454 Langmuir W2 B F1E — 2% 30
IE iy BT R R WA 22 | I N T b
JET NP -10 093 At At BE AG 4/ T - 40
kJ/mol , Ui Izt 2 0] | & 617 B AG b & IR T+
PR IR TR AT, T3 B T v T R A1 2 A O 3 R 5 A 1
$e A AH<O U6 R B Ry e A 5 Fl A B 19 Jn A i
SRR B I AR o AL A SR AL BUR B i, Hok ol
Ca™ ,5Jri A Na*,
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