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WH GB/T 477-2008 Ho 7 3% it AR AEHEAT /N
OYSERG, SRR LA 1. R 1 AT, 0.25~
0.50 mm K7 2% () 7= K g 35.21%, K453 M 22.59%,
M ESR Y 025~0.50. 0.125~0.25. 0.075~
0.125 LA 2 0.075~ 0.045 mm Hi 2% ) 7= R A it 2
S, HKFEAR—F; -0.045 mm KL g1 P2 KN
13.74%, K53 N 27.68%, ZHL LK 43 15 FeAth kL 2%
S AN A . W IR S & TR IR AL
FFIED, A e A, KA R A, R
PRI P2 A — g 5
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Table 1 Particle size composition of Zhaotong lignite slime

R WRRT
BB /mm R % KON B
POITR ei, WM I KM%

-0.5040.25 3521 2259 3521 22.59 100.00 23.29

-0.25+0.125 1942 2241 54.63 2253 6479 23.67

-0.125+0.075 1831 2276 7294 2258 4537 2421

-0.075+0.045 1332 22.64 8626 2259 27.06 25.20
-0.045 13.74 27.68 100.00 2329 13.74 27.68
ait 100.00 23.29

1.1.2 A

W AR GB/T 478-2008 Xh V73 T FH B REHEA T
INVEUTSES, PR A R W3 20 HHE 2 v,
e <1.30 g/em® B FEH I = 5 29.25%, K4y
N 19.53%, IRV TGV I R 2R AR KOk
B 1.3~1.4 glem® B~ %K 55.63%, Koy
H21.01%, REEY AN T FEEY AL
K5y, S e T EdR WA EE S <1.40 g/om’
BRE I BTN 84.88%, K4y K 20.57%, H)
o P REE RE I8 H 8 v 7 2 1) v AR

*2 MRBIEREERE B AR

Table 2 Density composition of Zhaotong lignite slime
R//E Y7 v St
FE21% RAT1% T30 % IR %
<130 2925 1953 2925 19.53 100.00 23.58

1.30~1.40 5563 21.11 84.88 20.57 70.75 25.26
1.40~1.50 6.58 2846 9146 21.13 15.12 40.53
1.50~1.60 291 3647 9437 21.61 854 49.84
1.60~1.80  2.13 46.08 96.50 22.15 563 56.75

>1.80 3.50 6324 100.00 23.58 3.5 63.24

INF 100.00 23.58

LR (glem®) 172 Y% KT 1%
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WG, WERREIMAA 80 &, EiHl. vk
WELS FRSR—3, SURFiRIHE, 20k
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Fig.1 Positive flotation process of Zhaotong lignite
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Fig.2 Reverse flotation process of Zhaotong lignite
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Fig.3 Process of humic acid extraction by alkali solution-acid
separation
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Fig.4 Process of humic acid extraction by oxygen
decomposition
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1 HH 20 3 60 kg/t NI RE S, TRIERE I R4
T 15.40%, BT RN 26.64%, 4ifrdk 2]
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Table 3 Positive flotation test results of Zhaotong lignite
slime

180 M Az TFIERIRYY% TRIEREYY% e

H IR 58 F AR AR AR BN, P e+ — ik
M9 kgt Bh. M EN 9 kg/t, HF
FH 8 260 g/t 1, Bt 5 400 1l SR0RIRS FH 525 1 o0
FIETEREFRARJE R R I, B 11.15%, H.
P ISP 7 BB S R ) 7 B vy, R IR, PR R
SO, WOV B WK & 3 keg/t L. 4k
TR ER 9 ke/t, WIKEHER 3 kg/t N, BEE R
R B IR BG I, T R Y 3 i b S RN S B
BKN 12.14%,  H UGB VRIS B = 28w, Ko

(kg) Mkgty Aty vy Ad v Ad K%
20 8.67 2243 9133 23.64 23.54
30 20 260 10.02 22.35 89.98 2331 2321
40 11.86 21.93 88.14 23.42 23.24

20 1124 22.02 88.76 23.81 23.61
40 40 260 1296 20.08 87.04 23.87 23.38
60 26.64 21.15 7336 23.98 23.23

Tt N 9 kg/t I, AR HIK MR 0.39%,
T4 BEERERRZFEZEZZRMEER

Table 4 Multi - factor test results of reverse flotation of Zhaotong lignite slime

BAK, WL E R AT R 130 g/t B,

T kgl BIRAkg) R/ it Ad . el Ad VSRR 1% TRIESE SRR

5 8262  21.01 1738  33.07 23.11 9.75

7 3 260 66.83  20.65  33.17  27.88 23.05 9.04

9 7159 20.63 2841  29.89 23.26 10.55

1 6348 2111 3652 2675 23.17 7.35

9 3 260 7298 2063 27.02  30.75 23.36 11.15

5 7159 2062 2841  29.62 23.18 10.28

130 81.02 2053 1898 346 23.20 12.14

9 3 260 7159 20,63 2841  29.05 23.02 9.66

390 7593 2077 2407 3124 23.29 10.71

I 3 46 O O R S 7 3 4 A I AL S B &5 R AL
%5, KRHIFE T EIRAAEM LS R . & 50
B, DR EE R Bk B> i Sl
R SR ERBEACE T iR 5 kgt
WIRS & 3 kg/t, IFHI AL 260 g/t,  [RIR 25 (81 35
Y5 A 7K ST AR 4 T I A R g V7 3 A 4

B o ZAAT R IR HIRIESR bR TRIERG =%
T 84.35% M3 K 20.52%, VHERHT A 15.65%
Koy 36.75%, IFIETEEAIR N 12,08, R RIT
T 5 VTR S PR AR S S, T DASR IS = 7= R (1)
YRS T

x5 RBBRRRRFEERSKINEGR

Table 5 Orthogonal test results of reverse flotation of Zhaotong lignite slime

SRS TR kg BIRI(kgrt) I %ﬁ/%A d Y}%ﬁ/%A d TR 1% PR SE R bR
1 5 1 130 8229 21.04 17.71 3252 23.07 9.43
2 5 3 260 8435 2052 1565 36.75 23.06 12.08
3 5 5 390 8578 20.97 1422 36.03 23.11 10.34
4 7 1 390 83.05 21.15 1695 3279 23.12 9.22
5 7 3 130 81.52 21.02 1848 33.04 23.24 10.15
6 7 5 260 8649 21.15 1351 3472 22.98 8.96
7 9 1 260 66.86 20.98 33.14 2797 23.30 8.67
8 9 3 390 8234 2091 17.66 33.03 23.05 9.94
9 9 5 130 8497 2126 1503 3292 23.01 8.41
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, , ) . R RE/% JEHE/ % . i B o
Sy TR (kg BRIt EIERGe sy * ng  SRRRINY RS
K, 31.84 27.31 27.98
K, 28.33 32.16 29.70
K, 27.01 27.70 29.49
W22 4.83 4.85 1.72
E W RORG>1 > )
K BB ALK 5 3 260
AT 5 3 260

22 [RIEBRIRENEIEE R R
221 BRSTRATIE R AR IS

s R AT VR SR UV I R S R A IR, S &5 1
W3 6. HIR 60N, J65 A R 10 $ HOR G A
3.52%, BN 32.69%; M JE A R PEIUR 1 K

JI > A NaOH 5 0 I [A] >HCI 3% 4k I 7] >NaOH #
FESHCLMSE ;s & PR3 B BLAEZKF 23 30l A HCL R JEE
10%. HC1 iHALITA] 30 min. NaOH /5 0.7 mol/L.
NaOH 32} H) 30 min; 285256 50IF 5% M 2R K
SR EEACTHS L, DU REFREZEICE N 43.80%.

RO WHIREATARBERRIRENE I LI LA R

Table 6 Orthogonal test results of humic acid extraction by alkali-soluble acid separation

SIS HCIFE/% HCIE AL I 8] /min NaOH#EE/ (mol/L) NaOH %2 id I i) /min I /%
1 5 20 0.7 40 22.73
2 5 25 0.1 20 3.52
3 5 30 0.5 50 27.91
4 5 35 0.3 30 185
5 10 20 0.5 30 21.54
6 10 25 0.3 50 14.06
7 10 30 0.7 20 30.03
8 10 35 0.1 40 21.49
9 15 20 0.1 50 5.68
10 15 25 0.7 30 32.69
11 15 30 0.3 40 21.56
12 15 35 0.5 20 21.89
13 20 20 0.3 20 23.27
14 20 25 0.5 40 17.58
15 20 30 0.1 30 29.9
16 20 35 0.7 50 4.12
K, 72.66 73.22 60.59 78.71
K, 87.12 67.85 77.39 102.63
K, 81.82 109.40 88.92 83.36
K, 74.87 66.00 89.57 51.77
W= 14.46 43.40 28.98 50.86
FE RN NaOH I [/ >HCHFH AL I A1 >NaOHIK [ >HCIK &
B AR 10 30 0.7 30
BRI 10 30 0.7 30

e BAAARCFATC AR TR .

222 EREIRAE I
SRR R B R, SIS R WK 7,
B 7 AT, R R AR IR BN 4.29%, B
N 28.36%: S MR AR V% JO A TR B DL () PR 3R 11
UISUT 3 NaOH ¥ 5 >H, 0, i 1k I+ [7]>NaOH 2 i1

i 7] >H,0, % J% ; H,0, # & 4 0.7 mol/L, H,0,
TR 35 min, NaOH ¥4 0.3 mol/L, NaOH
BRI 28 30 ming 28 S5 U0 IF & A 3 R ALK P
R B AR K $5 B, U I A R 1) 2 B A
37.14%.
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Table 7 Orthogonal test results of humic acid extraction by oxylysis

SEI H,0,# [/(mol/L) H,O, 7% AL [ /min NaOH¥# & /(mol/L) NaOH;2 i1 it [i1]/min LA
1 0.1 20 0.7 40 18.81
2 0.1 25 0.1 20 5.10
3 0.1 30 0.5 50 24.80
4 0.1 35 0.3 30 25.29
5 0.3 20 0.5 30 20.89
6 0.3 25 0.3 50 26.80
7 0.3 30 0.7 20 429
8 0.3 35 0.1 40 27.52
9 0.5 20 0.1 50 5.55
10 0.5 25 0.7 30 28.36
11 0.5 30 0.3 40 21.99
12 0.5 35 0.5 20 26.44
13 0.7 20 0.3 20 27.23
14 0.7 25 0.5 40 16.62
15 0.7 30 0.1 30 16.30
16 0.7 35 0.7 50 27.77
K, 74.00 72.48 54.47 63.06
K, 79.50 76.88 101.31 90.84
K, 82.34 67.38 88.75 84.94
K, 87.92 107.02 79.23 84.92
ez 13.92 39.64 46.84 27.78

YR NaOH & B£>H, 0, i A i [H]>NaOHR 1 I [1]>H, 0, 7% &

KT 0.7 35 0.3 30

AT 0.7 35 0.3 30

e BRI AIIETT K .

FETE SRS I HLR L UL RE T, B IR TV
PU AUV BE SR A B v PR BRI, HL IR M i die
TR RE B ] B s 17 3 K A 1K) K 5 v s B
PR S R BRI A 2

3% #

C1) R FH W) 2 80 S HE A 40 5t V1 300 47 2% 1HI
SOk, BRJEIFIE, AN AR SRAT IR VR B R
ey MR ZREAERBOR . RURS VR ), gk
AT R, T DAIRAF A ™ 28 (1) v KT R A o

(2) HHIEA I TR A& +
TS kgt WK 3 ke/t LML 260 git, BAETF
SR BR I EAGPE K 84.35% K4) 20.52%, 1F
R 15.65% K5 36.75%, VFIE5EEFbx
12.08.

(3) UL MR IEAT A Hy0, WRE 0.7
mol/L. H,0, iif . i [i] 35 min. NaOH ¥ S 0.3
mol/L. NaOH ¥y 5} [A] 30 min, J& # B2 $2 B R
37.14%; B R BTk AR I R LA Ao HCL WK B2

10%- HCl iH{LiE] 30 min. NaOH &% 0.7 mol/L.
NaOH 2 8] 30 min, $2HE 43.80%.

(4) T FR AT VL LU AR ARV RESRAT T v TR B X
K, AR R BT VR A B ]
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Flotation and Humic Acid Extraction Test of Zhaotong Lignite

Chen Peng', Bai Xinwei', Li Yuan®, Zhang Chenhu', Wang Shiwei', Chen Yaoyao'

(1.School of Chemistry and Materials Engineering, Liupanshui Normal University, Liupanshui , Guizhou,
China; 2.Guizhou Coal Product Quality Supervision and Inspection Institute, Liupanshui, Guizhou, China)
Abstract: This is an essay in the field of mineral processing engineering. Humic acid is an important part of
Zhaotong lignite. In order to extract humic acid efficiently, the optimum flotation conditions of Zhaotong
lignite were explored by using the process of direct flotation and reverse flotation. Orthogonal experiments
were designed by using the method of oxygen decomposition and alkali solution-acid separation to extract
humic acid from flotation cleaned coal, and the optimal conditions of humic acid extraction were explored.
The results show that the positive flotation collector consumption is large, and under the condition of surface
modification of Span 80, the flotation cleaned coal yield is the highest of 26.64% and ash content is the
lowest of 20.08%; the optimum conditions of reverse flotation are laurylamine 5 kg/t, dextrin 3 kg/t and
foaming agent 260 g/t, and the optimum flotation indexes are as follows: flotation cleaned coal yield 84.35%
and ash 20.52%, flotation tailcoal yield 15.65% and ash 36.75%, and flotation perfection index 12.08; the
optimum extraction conditions of oxygen decomposition are as follows: H,O, concentration 0.7 mol/L, H,0,
activation time 35 min, NaOH concentration 0.3 mol/L, NaOH soaking time 30 min, and the extraction rate
of humic acid 37.14%; the optimal extraction conditions of alkali-soluble acid chromatography are as
follows: concentration of hydrochloric acid 10%, activation time of hydrochloric acid 30 min, NaOH
concentration 0.7 moL/L, NaOH soaking time 30 min, and the extraction yield 43.80%. Reverse flotation can
obtain higher yield of high ash flotation clean coal than normal flotation, and the extraction rate is higher

when the humic acid of Zhaotong lignite is extracted by alkali solution-acid separation method.

Keywords: Mineral processing engineering; Zhaotong lignite; Direct flotation; Reverse floatation; Humic
acid; Extraction process
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