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Kinetics of low-rank coal enhanced flotation with diesel oil based on
ultraviolet activation
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Abstract ; Conventional hydrocarbon oil collectors have low activity, and it is difficult to improve the quality of low-
rank coal by flotation. The effects of collector dosage and ultraviolet activation time on the flotation kinetics of low rank
coal were systematically studied,and the results of flotation test were fitted by six kinds of flotation kinetic models ; the
classical first-order model , the first-order model with rectangular distribution , the classical second-order kinetic model,
the second-order model with rectangular distribution, the fully mixed reaction model and the improved gas-solid ad-

sorption model. The results show that the recovery rate of coal can be greatly increased by increasing the ultraviolet ac-
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tivation time. Taking the ultraviolet activation time 12 h as an example,when the collector dosage is 2,4,6 and 8 kg/
t,the recovery of combustible was increased by 39. 9% ,45. 4% ,43. 2% and 39% ,respectively , compared with the nor-
mal coal. The results of gas chromatography-mass spectrometry ( GC—MS) showed that the number of carboxyl, hydrox-
yl and carbonyl functional groups in diesel oil was increased by UV activation,and the alcohol increased the most, oxy-
gen-containing substances can enhance the electronegativity and polarity of diesel oil,and the collector molecules can
be adsorbed on the surface of low-rank coal through hydrogen bond,thus enhancing its surface hydrophobicity. At the
same time ,the non-polar matter alkanes and olefins in diesel oil adsorb preferentially with the non-polar sites on the
surface of coal,and they act on different sites of coal particles to improve the recovery rate of clean coal. With the ex-
tension of UV activation time,the flotation rate constant increases and the reaction rate speeds up (the recovery tends
to saturation after 2 min). By comparing the fitting results of six flotation kinetic models, it is found that the multitude

correlation coefficients R*(up to 99.96%) and the sum of squares due to error SSE are the most suitable ones. The

best match between flotation result and fitting result is the optimal model.
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Table 1 Analysis of particle size composition of low rank coal

i - it/ % i it/ %
HIZR/ mm PR/ o K53/ %
K5y AR Y Yix
0.50~0.25 35.12 14. 87 35.12 14. 87 100 19. 69
0.250~0. 125 21.37 16. 15 56.49 15.36 64. 88 22.29
0.125~0.074 11.76 19.01 68. 25 15.99 43.51 25.30
0.074~0.045 6.59 22. 60 74.83 16. 57 31.76 27.63
-0. 045 25.17 28.95 19. 69 25.17 28.95
At 100 19. 69
=2 EMEZFTREER
Table 2 Result of float-sink test of low rank coal
YO/ T EB % T B2 %
7R3/ % WREY/ %
(g-em™) U ¥ix AR Uix
-1.3 13.99 2.09 13.99 2.09 10 18.13
1.3~1.4 33.54 4.02 47.53 3.45 86. 01 20. 74
1.4~1.5 23.63 5.29 71.16 4.06 52.47 31.43
1.5~1.6 7.59 14.21 78.74 5.04 28. 84 52.85
1.6~1.7 2.14 24.52 80. 88 5.56 21.26 66. 64
1.7~1.8 1.71 32.52 82.59 6. 11 19.12 71.35
+1.8 17. 41 75. 16 100 18.13 17. 41 75. 16
At 100 18.14
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Table 3 XPS results of coal samples %

% 0 C Si Al Na N Ca

Sl

B8 30.69 55.52 5.62  4.36 1.22 2.21  0.39
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Table 4 Floatation Kkinetics fitting of clean coal under different ultraviolet activation time
WAk s FHGA I 6 kg/t wAem gt BRI = 6 kg/t
[&]/h Ay £ k R’ SSE [&]/h Al £a k R’ SSE

1 48.885 5 1.426 2 0.970 1 54.087 5 4 91.979 8 7.127 2 0.973 1 132.199 2
2 53.824 6 3.0056  0.984 6 27.765 0 6 5 87.814 0 0.3426 0.9778 108.9859
3 56.998 3 0.030 5 0.990 2 17.749 7 6 87.8179 2.917 8 0.9778  108.985 9

0 4 61.297 2 3.775 8 0.992 8 13.053 5 1 89. 966 3 2.3580 0.999 3 4.499 8

5 57.000 0 0.575 7 0.990 2 17.749 7 2 95.796 3 5.658 9 0.994 9 31.913 1

6 57.000 4 1.7370  0.990 2 17.749 7 3 97.580 8 0.0410  0.9918 51.350 0

1 64.234 0 1.9386  0.9950 15.856 9 ’ 4 101.1332 10.4451 0.9892 67.676 8

2 69. 469 4 4.295 17 0.995 4 14. 665 4 5 97.577 0 0.250 1 0.991 8 51.350 0

3 71.737 6 0.038 7 0.992 9 22.4959 6 97.580 9 3.9966  0.991 8 51.350 0

’ 4 75.452 8 6.626 1 0.991 28.610 0 1 97.456 8 3.084 3 0.999 6 3.168 5

5 71.735 4 0.360 5 0.992 9 22.4959 2 101.963 3 8.489 7 0.995 4 34.343 6

6 71.738 2 2.773 5 0.992 9 22.4959 3 102.744 1 0.065 2 0.993 8 46.097 2

1 79.272 6 1.9590  0.993 7 30.783 2 " 4 104.970 1  19.9287 0.9922 58.306 9

6 2 85.498 3 4.384 3 0.984 4 76.596 3 5 102.742 4 0.149 3 0.993 8 46.097 2

3 87.818 0 0.0322  0.9778 108.9859 6 102.744 6 6.698 5 0.993 8 46.097 2
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Fig. 7 GC-MS after and before ultraviolet activation of diesel oil
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Table 5 Oxygenates in diesel oil before UV activation

W ]/ min a2y Bt 5% %
13. 447 2-F Lo -1 - 0. 062
13. 596 T 0. 091
14. 307 3,7, 11 == R 1+ e 0. 006
26. 205 2-CLHk- 128 0.477
38.352 RAN 0.329
41.219 B L} 0. 340
41. 687 2R+ TEE 0. 442
43,127 PR s T > 2L 0.229
46.012 e 0.138
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Table 6 Oxygenates in diesel oil after UV activation

P B BsF ]/ min [l==27) B 535U %

7.395 2,2, 4- =LA LIR T b 0. 008
13. 442 2-H 31— 0. 039
19.915 2- TR 0.051
20.778 A - A Hi 0.325
23. 874 R 4T R -IK g 0.413
26.214 T =B 0. 646
27.292 R+ e F 0.336
29. 465 | e L B FARR I 0. 087
30.312 Tt NI 1.051
30. 805 1 e SR R T 0.432
32.611 2-CL k- 128 1.285
32.963 R 2 EE T iR 0.739
34.322 T T AL BE IR T 0.374
35.05 22— /A - L 0. 494
35.818 T-FEH -1k 1.573
36.577 1-FE-2-F -7 0. 500
36. 708 10, 13—+ /\ i I 1R FF g 0.333
38.359 RWAN 1.136
39.226 RN 0.491
39. 549 10-4-F/\ e 2 1 i 0. 546
40. 815 2,5-+/\ B IR F iR 0.283
41.349 2Rk T 0. 564
41. 679 2Rk T 0. 966
43.015 22- " = RRIGIR 0. 189
44. 961 —tm 0.573
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