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Experimental study on centrifugal separation and calcination

of coal-derived kaolin by Design Expert
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Abstract : The kaolin content of gangue in the Heidaigou ming area is as high as 70%. Herein, from the perspective of comprehensive utili-
zation of coal resources, in order to improve the calcination whiteness of coal—derived kaolin, a method of centrifugal for separation was
used to remove the chromogenic impurities with high—density. To achieve this, this work performed orthogonal design by Design Expert and
adopted the Box—Behnken model. Consequently, the influence of centrifugal speed, feeding rate, feeding concentration and feeding time
on the calcination whiteness and concentrate yield was explored and the quadratic equation relationship model was fitted. Further, the re-
sponse surface plots of calcination whiteness and concentrate yield with significant factors were given. It was found that the whiteness
of calcination was mainly affected by the centrifugal speed. With the increase of the rotation speed of the drum, the whiteness of the calci-
nation first increased and then decreased. The yield of concentrate was mainly affected by the feeding time. With the extension of feeding
time, the yield of concentrate increased linearly. Finally, combined with the simulation results of Design Expert, the optimal centrifugal
separation conditions were analyzed and explored. When the centrifugal speed is 800 r/min, feeding rate is 8.4 L/min, feeding concentra-
tion is 20% , and feeding time is 100 s, the optimal calcination whiteness (78.80% ) and concentrate yield (86.31%) of kaolin can be
obtained.
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Table 1 Changes of whiteness and the mass fraction of main

metal elements at different density levels

FLE/ % JCR T MR (RIS / %
wHER

(g-em™)  Fepgps 950 Al, 0, Fe,0, TiO,
JFRE 4.90 74.57 35.02 0.87 1.07
<16 1.70 72.80 5.56 0.86 0.88
1.6~<18 220 79.73 14.25 0.83 0.88
1.8~<2.0 250 81.40 16.38 0.80 0.90
20~<22 450 84.90 28.70 0.77 0.86
22~<24 833 85.50 34.37 0.75 0.85
24~<2.6 1420 86.40 36.81 0.66 0.86
>2.6 15.10 67.20 36.40 1.12 0.93
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Fig.1 Slon continuous centrifugal separator
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Table 2 Main performance parameters of

Slon 400 centrifugal separator

S8 HfE
B E A/ mm 400
IR H/ (1 minT") 0~1 000
AKERLRE /mm -0.074
ARHER I/ % 5~20
TH b E/(t-h") 0.01 ~0.02
HLHLD 3/ kW 1.5
/K 41/ MPa 0.2 ~0.3
25 FEALE J1/ MPa _
Fekik/(m? - hh) 0.3~0.5
FHLFHR/t 0.45

14563—2008( =l + K HARE )77 ) HEAT .
2 Box—Behnken IE 3Z i I&

2.1 EXREEIT
XF T Slon B0 a3 EAL, AR E PEXS 73 SR
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AR AR SR P | R4 T B A 3R IR T4
FX EE IR Fe, 0, TiO, & 1 ARG 6 Bbe 12
AR S5 R 3,
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Table 3 Results of single factor experiment
K FZE AT
BRE A/(r- B/(L-

ey w(Fey05)/

800 r/min, AR} JE 8.0 L/min, AR E 20%, A
BHEFE] 100 s 2247 B, AT A5 21 25 R 2= e I g 1 {1,
e ARl B PR 2R e 4 i o Bl KO, LR 4,

*4 HBEPWEZRAE

Table 4 Influencing factors and levels of experiment

A EEUE
K A/ B/
C/ % D/ %
(r-min™") (L-min™")
1 780 7.6 18 80
2 800 8.0 20 90
3 820 8.4 22 100

c/% D/s JE/% w(Ti0,)
min™')  min™!

700 8.0 20 60 74.53 0.73/0.85

| 800 8.0 20 60 76.80 0.60/0.78
900 8.0 20 60 76.60 0.64/0.77

1000 8.0 20 60 77.23 0.62/0.75

800 7.2 20 60 74.77 0.85/0.83

5 800 8.0 20 60 76.80 0.62/0.78
800 8.8 20 60 75.60 0.80/0.91

800 9.6 20 60 76.67 0.65/0.88

800 8.8 15 60 75.73 0.83/0.88

C 800 8.8 20 60 76.53 0.80/0.91
800 8.8 25 60 75.60 0.82/0.93

800 8.8 20 40 74.87 0.87/0.78

b 800 8.8 20 60 76.53 0.80/0.91

800 8.8 20 80 77.23 0.77/0.85
800 8.8 20 100 77.33 0.75/0.86

MBI B A OR Ok R, Y R R
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Table 5 Results of orthogonal experiment
K FEAKT

%5 A/(r- B/(L-

= e
C/%  D/% R/ %  JE/%

1 780 8.0 20 80 91.37  75.66
2 800 8.0 22 100 78.31 78.56
3 800 8.4 20 80 74.66  79.26
4 800 8.0 22 80 77.13 78.40
5 820 8.0 22 90 90.18  76.73
6 800 8.4 22 90 88.08  77.76
7 800 8.0 20 90 77.29  78.63
8 800 8.0 18 100 85.42  78.06
9 800 8.0 18 80 84.61 78.16
10 800 7.6 22 90 86.20  78.03
11 820 8.0 20 100 89.06  77.43
12 800 7.6 20 80 74.14  79.33
13 800 8.4 18 90 90.67  77.83
14 820 8.0 20 80 82.26  77.53
15 800 8.0 20 90 75.05 78.46
16 800 8.0 20 90 76.34  78.50
17 780 8.0 18 90 91.60  75.20
18 780 8.0 22 90 93.62  75.80
19 820 8.4 20 90 88.69  76.93
20 800 7.6 20 100 85.54  78.13
21 800 8.4 20 100 86.31 78.80
22 780 8.4 20 90 91.06  75.73
23 780 8.0 20 100 89.60  76.26
24 820 8.0 18 90 89.82  76.43
25 780 7.6 20 90 90.53 75.36
26 820 7.6 20 90 88.16  76.83
27 800 7.6 18 90 87.92  77.33
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Table 6 Variance analysis of multiple models for box—behnken design

Iy 2R -5 M ¥J5 F 2> F g
SRR vs B 162 000 1 162 000
LRMEAR Y vs - A Y 5.83 4 1.460 0.990 0.4325
W EK vs LML 0.47 6 0.078 0.039 0.999 7
TR vs WM 30.82 4 7.700 88.100 < 0.000 1 AR
SRR vs IR 0.78 8 0.097 1.420 0.389 6 TRVERR
FIRTT % 0.27 4 0.068
Bt 162 000 27 5 999.800
x71 REENW
Table 7 Summary of R> model analysis for box—behnken design
el it 22 R? R* B IEMH R T {E T3k 25 J5 F1 4R
LAY 1.21 0.152 8 -0.001 2 -0.290 1 49.23
XU # 1.41 0.165 0 -0.356 9 -1.588 3 98.78
TR 0.30 0.972'5 0.940 4 0.843 1 5.99 AR
=W 0.26 0.992 8 0.953 4 0.026 7 37.15 TRIBHR

TEZR 6 w7 200 M, F OO, PN, 45
AT HERY AR 6 Al RO R AR R A 45 3
Redetl; 3 7 X2 I AR A TR R 25 A OC R
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MBI R R G 3 Ry AR 5
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2.3 ZRAERBEFTESHMEGES N
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TRTTRER RIS A DR EGH AR R
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%9,

2 8 AT AL, A P AEH Uy PR 28 %o i o {5 il
MM X REE ML EAEN, 4 P>0.05
BF, SIS 1 25 2 P<0.05 B, 520 1 355 2 P <
0.0LI, 52 Mol g JiE 2 355 X T 4% AR kWL, P>
0.100 OFFf, [ IR T FE 6 RN B 35 ARk UE, P
(BRSNS 2
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Table 8 Variance analysis of quadratic equation model

to calcination whiteness

TEKIE FR AmE B F P
el 37.120 14 2.650 30.310 <0.000 1
A 5.160 1 5.160 59.020 <0.000 1
B 0.141 1 0.141 1.610 0.228 5
c 0.429 1 0.429 4.910 0.046 8
D 0.101 1 0.101 1.150 0.304 0
AB 0.018 1 0.018 0.208 0.656 2
AC 0.022 1 0.022 0.257 0.621 2
AD 0.122 1 0.122 1.400 0.259 5
BC 0.148 1 0.148 1.690 0.217 4
BD 0.137 1 0.137 1.570 0.234 7
cDh 0.017 1 0.017 0.193 0.668 0
A? 23.360 1 23.360  267.140 <0.000 1
B? 0.144 1 0.144 1.640 0.224 0
C? 1.570 1 1.570 17.980 0.001 1
D? 0.724 1 0.724 8.270 0.013 9
2 1.050 12 0.088
Bz is 1.030 10 0.103 13.080 0.073 0
gl 0.016 2 0.008
BEE 38.160 26

R BREAEZXRAERREBEFESN

Table 9 Reliability analysis of quadratic equation model

to calcination whiteness

g O g R R EEBE
it 2= X [i] X i) IS
Bl 78.530 0 1 0.170 7 78.160 0 78.900 0
0.655 8 1 0.0854 0.4698 0.8418 1.000 0
B 0.108 3 1 0.0854 -0.0777 0.294 3 1.000 0
C 0.189 2 1 0.0854 0.0032 0.3752 1.000 O
D -0.091 7 1 0.0854 -0.2777 0.094 3 1.000 0
AB -0.067 5 1 0.1479 -0.3897 0.2547 1.000 0
AC -0.075 0 1 0.1479 -0.3972 0.2472 1.000 0
AD -0.175 0 1 0.1479 -0.4972 0.147 2 1.000 0
BC -0.192 5 1 0.1479 -0.5147 0.1297 1.000 0
BD 0.185 0 1 0.1479 -0.1372 0.507 2 1.000 0
CD 0.065 0 1 0.1479 -0.2572 0.3872 1.000 0O
A? -2.090 0 1 0.1281 -2.3700 -1.8100 1.2500
B? -0.164 2 1 0.1281 -0.4432 0.1148 1.250 0
c? -0.542 9 1 0.1281 -0.8219 -0.2639 1.2500
D? 0.368 3 1 0.1281 78.1600 0.647 3 1.250 0

ABHEEE C R ERE

128

XL 8 F13e 9 A XS THBUbE 1, 500k i
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9 PN —

L=

SR B g 5 AR

R D, —WRIURN B3, R % AR B A
AR ERER; SR RZEAENIAEE, LR
X HBebE B SRR B /IR A > € > B > D

VU PR 2R 5 B X BEGE 1 R 52 I A8 B 4% R/ INHEFF R < BC

> BD > AD > AC> AB > CD,

[y, R4 SR 9 SR THE B AR S

W g AR R TR (1)

n = 78.530 + 0.6564 + 0.108B + 0.189C - 0.092D -
0.0684AB - 0.075AC - 0.175AD - 0.192BC +
0.185BD + 0.065CD - 2.0904*> - 0.1648° -

0.543C* + 0.368D* (1)
A 2 Bk T 3 A5 R B RS A

Design Expert B HL 4 B 4 ik , 1554 &K 5Bk

I G R R SEPR R 2R 5 «

n =- 3 536.077 + 8.5884 + 24.088B + 8.656C -
0.407D - 0.0084B — 0.002AC - 0.001AD -
0.241BC + 0.046BD + 0.003CD - 0.0054° -

1.0268% - 0.136C* + 0.004D° , (2)

2.3.2 BRBEHEMAKT FREEH

I RORRE 7 2R EZE I K R AT R
TR Ty 22 3 A MUELAE BE 3 A, 45 2R W3 10 AN
11,
F10 B FEERIRFEERFESH

Table 10 Variance analysis of quadratic equation model

to yield

I EERUE TR OHHE K F P
i 816.750 14 58.340  4.860  0.004 6
A 32.050 1 32.050  2.670  0.128 2
B 4.060 1 4060 0338 0.5715

22.740 1 22,740 1900  0.193 7
D 75.350 1 75.350  6.280  0.027 6
AB 0 1 0 0 1.000 0
AC 0.689 1 0.689  0.057 0.8147
AD 18.360 1 18360  1.530  0.2397
BC 0.189 1 0.189  0.016  0.902 1
BD 0.016 1 0.016  0.001 09718
cD 0.034 1 0.034  0.003  0.958 3
A2 525.320 1 525.320  43.780  <0.000 1
B? 104.470 1 104.470  8.710  0.012 1
c? 184.140 1 184.140  15.350  0.002 0
D? 0.287 1 0.287 0.024  0.8796
B2 143.990 12 12.000
Bz is 141.460 10 14.150  11.190  0.084 8
2R 2.530 2 1.260
PENAP 960.740 26
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Table 11 Reliability analysis of quadratic equation model

to yield

2 ZH - it BiF BiE B
it i 22 IX 18] IX 18] 5ES

HE  76.2300 1 2.00 71.87 80.58
-1.630 0 1 1.00 -3.81 0.54 1.00
0.581 7 1 1.00 -1.60 2.76 1.00
-1.380 0 1 1.00 -3.56 0.80 1.00
2.5100 1 1.00 0.33 4.68 1.00
AB 0 1 1.73 =3.77 3.77 1.00
AC -0.4150 1 1.73 -4.19 3.36 1.00
AD 2.1400 1 1.73 -1.63 5.92 1.00
BC -0.217 5 1 1.73 -3.99 3.56 1.00
BD 0.062 5 1 1.73 -3.71 3.84 1.00
CD 0.092 5 1 1.73 -3.68 3.87 1.00
A? 9.920 0 1 1.50 6.66 13.19 1.25
B? 4.430 0 1 1.50 1.16 7.69 1.25
c? 5.880 0 1 1.50 2.61 9.14 1.25
D? 0.232 1 1 1.50 -3.04 3.50 1.25

H 3R 10 FIR 11 BAF B0 al 0, X TR o ™
O NEH ] D o 25 D 2R HO B R 1) — Ik
A BLOFE A AR E B AR E ¢ —
IR 2 kI 2 HA R EAEHA
W2 SRR 350 R B NHET R
D >A> C > B; U RSB XPAET 7= R M RE R
JNHERE M . AD > AC > BC >CD> BD > AB,
FIFEA & R S0 7% o MU R Jr f2
FISH NSy
© =76.230 — 1.634 + 0.582B - 1.380C + 2.510D +
0AB - 0.415AC + 2.140AD - 0.218BC + 0.062BD +
0.092CD + 9.92 04% + 4.430B> + 5.880C* + 0.232D°
(3)
© = 18 958.598 — 40.537A — 437.098B - 49.388C -
8.955D — 0AB - 0.010AC + 0.0114D - 0.272BC +
0.016BD + 0.005CD + 0.0254% + 27.661B* +
1.469C* + 0.002D* (4)
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Fig.2 Normal plot of residuals to calcination whiteness
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Fig.3 Response surface plot of calcination whiteness(AB)
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Table 12 Optimization of centrifugal separation and calcination of coal—derived kaolin
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