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Experimental Study on Enrichment of Kaolinite From Coal Slime Via Integrated Classification-Flotation Process
ZHANG Shengqi' s YANG Hongli', GAO Jianchuan®, FAN Mingiang', DENG Aijun®, DONG Lianping'
(1.College of Mining Engineering, Taiyuan University of Technology, Taiyuan, Shanxi 030024, China;
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Abstract : Coal flotation tailings, as a low-value product of coal preparation plant, is rich in potential resources such as kaolinite.
The coal slime from Malan Coal Preparation Plant was used as an experimental object. The mineral composition and particle
size distribution was analyzed, the influences of flotation time and reagent consumption on the recovery of middling coal slime
were researched, as well as the influence of structure and operation parameters of hydrocyclone on classification of kaolinite. On
this basis, a process experiment of three-stage cyclone classification and flotation combined process was carried out, and the
combined process of “three-stage classification and coarse-fine flotation” was proposed to recover kaolinite. The results indicate
that the main minerals in the sample are kaolinite and quartz. Under the conditions of 1 500 g/t of collector, 150 g/t of foaming
agent, and 5 min of flotation time, the ash content of tail coal can reach 80.11%. Under a certain feeding pressure, the smaller
the diameter of the cyclone., the more significant the enrichment effect on kaolinite. The combined process of “three-stage
classification and coarse-fine flotation” can obtain kaolinite products with a yield of 20.26% and a grade of 78.88% , and
middling coal slime products with a yield of 40.85% and ash content of 33.87%. At the same time, about 38.89% of coarse
sand tailings (ash content of 82.45%) can be directly discarded. Research can provide new technological approaches for
improving the quality and resource utilization of flotation tailings in coal preparation plants.
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Table 3 Main chemical composition analysis

results of sample %
Al; O3 SiO; Na; O MgO P05
34.15 56.33 0.45 0.83 0.08
SO K, O CaO TiO Fe, O3
0.75 2.78 0.96 0.82 2.67

Table 1 Proximate analysis results of sample %
M.a A Vi FCu
8.35 65.51 6.65 19.49
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Table 2 Ultimate analysis results of sample %
Cq Hq Oq Na Sid
24.82 2.00 7.82 0.47 0.35
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Table 4 Particle size composition of sample

Y A
iz &, JK

. SRR A VI Y YR Y VY]
+0.5 2.82  45.41 2.82 45,41 100.00 65.51

+0.25~—0.5 4.81 40.91 7.63 42.57 97.18 64.68
+0.125~—0.25 6.13 41.10 13.76  41.92  92.37 62.71
+0.074~—0.125 4.54 44.79 18.30 42.63 86.24 60.20
+0.045~—0.074  2.45 48.74  20.75 43.35 81.70 58.16

—0.045 79.25 71.32 100.00 65.51 79.25 71.32

At 100.00  65.51 — — — —
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Fig.2 Laser size measurement results of sample
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Table S Design parameters of hydrocyclones
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Fig.3 Classification test system
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Fig.4 Flotation test results
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Table 6 Influence of feeding pressure on classification efficiency

1/ W ey A
Mpa R R R e R
Yis 63.04 69.45 59.94 68.45
0.15 i 36.96 55.31 47.13 31.55
IFEAK 100.00 64.22 55.21 100.00
"""""""""" Widm  60.11  69.82  60.26  65.79
0.20 R 39.89 55.25 47.22 34.21
IR 100.00 64.00 55.06 100.00
"""""""""" Wew  57.22 67.90  58.46  61.87
0.25 JE i 42.78 57.05 48.18 38.13
& AR 100.00 63.25 54.07 100.00
"""""""""" Wk 5440 69.79  60.87  60.75
0.30 JEE Ui 45.60 55.89 46.91 39.25
PHEAKE 100.00 63.45 54.50 100.00

22 6 AT LLE H,®50 mm HE T 254 w5 I A A
WAEVE B YRR U U e 0 A S TT LGk )
58.46 %0 ~60.87 % o JI UL MK 4 B T i ik . vk B A
WK B 2. 256 A, HLAr sk O ACRHE 1 oy
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Table 7 Influence of apex diameter on classification efficiency

525 =
BRI pen emy e/ % AR

HAE/mm S/ % MR/ %

Yis 68.99 68.62 57.42 73.01
6 JIC I 31.01 55.63 47.23 26.99
IFEAKL 100.00 64.59 54.26 100.00

"""""""""" Widm  60.11  69.82  60.26  65.79
8 KT 39.89 55.25 47.22 34.21
IR 100.00 64.01 55.06 100.00

"""""""""" W 5258 68.96  59.79  56.85
10 K 47.42 58.49 50.32 43.15
& AR 100.00 64.00 55.30 100.00

26 7 R, BE B R B N L R R
AH 0 R, I 53 W AR5 76 69 00 42 A7 5 IS I 7™ 38 FJK
Gy PR TR TR K 43 7E 55 % ~59 % Z1Hl . IR
FUEARN 8 mm B ¥ 3 RIS I 1 K 43 25 e K. B
e A7 S R B, R 60.26 %6,
2.2.3  HE AR A3 KR (1 5 )
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Table 8 Influence of cone angle on classification efficiency

HEf/ () TR FEE/ Y R4/ % Sl

' ' L/ Y% mR/ %

i Tt 60.11 69.82 60.26 65.79

10 R 39.89 55.25 47.22 34.21

IR 100.00 64.01 55.06 100.00
"""""""""" W 66.18  68.70  58.58  70.42

15 i 33.82 56.51 48.15 29.58

A AEL 100.00 64.58 55.05 100.00

Hi3E 8 W LAF th BE 4 107E AR LL 1574 A &
Ty A% BB v W) K B A v ) i U A i A {EL
23 HHRABWERS ST
2.3.1 @25 mm e AR HIX L

E—WARE S 0.2 MPa 24 F, e H 4 fa
10T H B AR N 8 mm Y @50 mm i i £ it
FTHLAT AR, PR FH @25 mom @ 3t 4 XoF JH: 3 O 1k
o galss ot — P m e A, SR ILE 9.

£ 9 ZRABIENI @25 mm HE T EE
SHMREIR M
Table 9 Influence of the second feeding pressure on the

classification efficiency of @25 mm hydrocyclone

TR AK =] ot
[P S T Ve T
s U 62.81 72.78 63.86 67.43
0.2 JE I 37.19 62.62 52.09 32.57
A AR 100.00 69.00 59.49 100.00
"""""""""" %W 65.15  73.34  64.45  70.00
0.3 R 34.85 62.17 51.64 30.00
AR 100.00 69.45 59.98 100.00
"""""""""" W 6726 73.56  64.75 7205
0.4 JI T 32.74 60.80 49.83 27.25
AR 100.00 69.38 59.86 100.00
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VAR IR 2> 9™ S S T 3 — 20 1 = 08 A B A i
AR DK B 6400 40 s B B A RHE A B T
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1 64.75 % (LLAKE™ 2 100 %63 SR B b
2.3.2 @10 mm JE a7 ik 5

TE— R IR AKHE 143928 0.2 MPa 1 0.4
MPa &1 F ., f#i J§ 50 mm Ml ®25 mm BE i 751K
UGHEATHE i 3 PO 50 SR 5 ) @10 mm JE Uit 4% XF
@25 mm JiE i 4% i i E — 20 I R 0 A AR
5 10,

F10 =ZXRANBEAIT @10 mm HE 725 4
SRRV R MR R
Table 10 Influence of the third feeding pressure on the

classification efficiency of @10 mm hydrocyclone

=W AR . .. =] et
v I T % R %
i Ui 72.42 76.36 68.84 76.23
0.4 R 27.58 67.21 56.35 23.77
AR 100.00 73.84 65.40 100.00
"""""""""" W 7429 76.69  69.39  78.31
0.5 JE IR 25.71 66.35 55.53 21.69
TR AKL 100.00 74.03 65.83 100.00

2 10 0] LUA H L B 1 ACBHE o mr DLAS 31 4%
o PR 7 L A LD [ESCR L A = IR AR
F1°8 0.5 MPa i}, @10 mm JE i 7% 7T LUK AL i b g
e A i — 2 B F AL 69.39 %,
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TR = Beor o - MR AR I =M A T2
NI Hh A A A X R i e R S T R AT R
FRIRE
2.4.1 =BT S - AR iRk AR

B - MR AR WA 5 R . B X
R KR HETT @50 mm . P25 mm Fl @10 mm FHE i
T =BG R A IO R B, XA =B
O3 R WL AT T 3 o A5 ) e 06 A R e ARE U 7
XA O R 14 R A T T A H Y R A 2
FIHFE R D, ZRAEIRG L R ILE 11,
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Fig.5 Flowsheet of three-stage classification

and fine flotation
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Table 11 Test results of three-stage classification

and fine flotation flowsheet

k12 ZBHSG-HAFERERARER
Table 12 Test results of three-stage classification

and coarse-fine flotation flowsheet

= g BRI A Fil £
' AL/ Y R/ %

@50 mm JiE i 39.97 55.16 46.77 33.99
@25 mm JK i 20.61 62.17 51.85 19.46
@10 mm JIE T 10.11 71.50 55.74 10.09
s 70.69 59.54 58.80 63.54
rhRE 9.05 51.06 44.62 7.36
TR U A 7 20.26 86.40 78.88 29.10
5K 100.00 64.21 55.03 100.00

7 i FER/ Y KA % i £
L/ Y R/ %
=] 20.26 86.40 78.88 28.79
I 40.85 33.87 32.54 23.95
e 38.89 82.45 67.47 47.26
AR 100.00 63.41 55.51 100.00

M 11 T RLAE L B & 08 7 5k
78.88% I F K 29.10% , (H PR ™R A
9.05% , KAy ik 51.06 %, X T8 Ak BT I
KA R . BRI AIFIRR CHE B &
b7 LB B L PR R 70,69 %, KAy 59.54 %, 1%
st R X LR Ay R REA B, SOME B 0 g b
2.4.2 =B - HLAN TR BE AR A

B - MR R 6 TR %R
JETE = BAT - AR IR 0k I RE L AL L T OE A
B I REURLJES T 0 77 1 o DA o R A A L e A5
A PR AL B3R 3 AN, B R R K
TR B b [ R L 5 SR LR 12,

MR 12 7] LA L BT R0 A A, T RLAS
B 7= 40.85 % JK A 33.87 Vo YR 7 B L ML
W b Koy h 82.45% A I EFH. . 5=
BT 90— SHORL TR I T R AE L, X B R AT D3 n
BV R HIRN T AT,

@50 mm | i

= +
@25 mm [ ik
= +
@10 mm ‘ i
3

IR AR YR
Be =ZBRo%-HMZERE
Fig.6 Flowsheet of three-stage classification and

coarse-fine flotation
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AT TR A5 2 R R A SRR TR S R IK
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A
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Fig.7 Flowsheet of full flotation and
three-stage classification
K13 2FE-ZRSZRBERAEER
Table 13  Test results of full flotation and three-stage

classification flowsheet

7 i PR/ K% L]
' AL/ Y R/ %

R 23.34 28.75 25.05 10.78
@50 mm JiE I 28.66 69.45 53.95 28.50
@25 mm JE K 22.04 72.75 60.70 25.92
@10 mm JE T 11.85 75.41 64.48 14.71
W 62.55 71.74 58.25 69.13
TR U 7 7= 14.11 82.50 74.22 20.09
T3 AR 100.00 63.22 55.87 100.00

M 13 ATLLE Y, 47 v - = BEAr S f2 vl LA
13377 2R 23.34 % IR 53R 28.75 Yo B HBEDE P A
LR 230 1411 % i ol 74,22 % LR
20.09 %0 iy W A ™ i, L BB R R i e A
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sty ity (57 0110 A8 8 AR PR K = BE 7 9 — KA 77 2 Ui
Rt o AR R 7 K O3 e IR
2.4.4 =R AR L Y 2 50 T AR B H AR
A i 106 1) e 90 0 1 AR Sl R ofE L DAL = A
R I R ) AT AR R T R0 P i LR 14
FE 14 AT Lt = B g — 4RI 8 i A
T A B P e A D L 2450 AR R A L [l
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= B G L A S0 R A R JRE R A R U 7 Y
Jot e AR 5 1 B B A S
14 —HRBREBHATERE
Table 14 The reagent consumption of

three flowsheet tests

R *ﬁf A, ‘ﬁf M
Z BT AR TR B U R A 365 36
= B % — ML T o T R 5 1500 150
RVRE - = B i iR e 1500 150

2.4.5 FHRAEBRT RBRE R R R A T

T B RARRE ., SCHRL19 48 7 — A A
PP EER LR YN ARG RGBT T . RARSE
BLAE T FEAR A BE UL AY T EAL R AR LR IE AL AR
W, MIZ T ZM T et jt r 2%, x T2
AL AT BUAT T 20, Al AT e 57 A 23 ik
Fera] o XA AR T AR IR AR T L TR
A B TR AT LR 4 e e T D B A Y [
P fife R AL U8 7K T [ T 08 35 L T S 08 ) 9 4 e A
BE R LW 0w SR RN 25 R A B e ke

3 Hi

AT DL E 22 g IRk R N R 4L R
%5 T IR T2 SR AR o G AR e A AR
AR ERBOR B IR XL T SR - TR ik
BA T AW S8 LUT EELE,

(1) 3 Xf 2 MERE i E A7 R M o0 A, B A DL
T A5 A, H R Y8 T AR 5
(—0.045 mm F=%3k 79.25%), FFk LML FE
B ZERE RGN 1 500 g/ ¢ I 150 g/t TRIERTIE] 5
min I, AT ZRA5 K 43 35 80.11 % H B #™ . A R [l i 3%
gy R

(2) TR POl B R W, 7E — & AR T
T U A ELAR N O A RSO . T
— R =R ARHE J3 43 5 0.2 MPa, 0.4

MPa #il 0.5 MPa 4 T KK @50 mm, P25
mm Fl @10 mm JiE §i #i JEA7 4 5 23 PO, AT 3RS
e U8 A A 69.39 Y0 BT L A . S H SR B
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