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Correlation study between physical and chemical performance and

green pellet performance of sodium bentonite

ZHOU Longlin MO Wei XIAN Di WANG Zeping REN Rulong FENG Yuxin

( College of Resources Environment and Materials Guangxi University Nanning 530000 Guangxi China)

Abstract: In order to explore the correlation between physical and chemical performance indexes and green pellet
performance of bentonite the microwave-assisted semi-dry method is used to deal with sodium modification treatment for
bentonite followed by mixing with iron ore powder for pelletizing and relevant performance index tests and analysis. The
influence of sodium process factors on the physical and chemical performance indexes of bentonite is mainly explored the R
language is used to deal with multiple linear regression analysis on its physical and chemical performance indexes and the
green pellet performance indexes and the correlation model of the two types of indexes is established. The results show that
the expansion volume of modified bentonite could be increased from 6.3 mL/g to 19. 8 mL/g the colloid index increased
from 12.2 mL/(3 g) t099.8 mL/(3 g) and the water absorption rate increased from 134. 8% to 390. 8% . Colloid index
is the key influencing factor of falling strength and compressive strength of green pellets while water absorption rate is the
key influencing factor of dry pellet compressive strength. The stepwise regression equation could provide a rough prediction
of the mass of the green pellet.
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Table 1 Main chemical composition of raw materials %

TFe FeO Si0, Al, O, CaO MgO Na, O K,O P, 0, S

— — 52.4 19.21 14. 39 2.43 0.36 2.03 0.85 —

66.4 6. 40 5.91 1.85 0.51 0.98 0.37 0.39 — 0. 60

2
Table 2 Main physicochemical properties of bentonite
1% /(mLeg™") / g+(100 g) ! / mL+(3g) ™ 2 h 1%
47.7 6.3 21.1 12.2 134.8
3 0. 074 mm
Table 3 Main physical properties of iron concentrate 97. 08 % 1289 e¢m?/ go
/ <0.074 mm 1.2
(em’eg™") 1%
0. 62 1289 97. 08 100 g
1 Si0,
ALO, 52.4%  19.21% TFe .
66. 4% o
2.3 N N o

47. 7% N N

GB/T 20973—2020

o
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2.5 kg
2 % I m 28 r/min
49°
15 min 7. 8%
10 ~12 mm
5 o
2
1— ;22— ; 3— o
2.1 ’
2. 1.1 Fig.2 Influence of microwave power on the main
Na, CO, 300 W physicochemical performance
1.5 min 32 % of bentonite
2
1 N
’ o
300 W
2.1.3
— e Na, CO, 2 % 300 W
. | | ° 32 %
Fig. 1 Influence of sodiumizing agent usage on the
main physicochemical performance 3 °
of bentonite
1
N 2%
4% o
Na”
1— ;22— ; 3— o
’ 3
2% Fig. 3 Influence of microwave time on the main
2.1.2 physicochemical performance
Na, CO; 2% of bentonite
1.5 min 32% 3
2 ° 95 mL/(3 g)
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2.1.4

o 1.5 min
1.5 min.
1— ; 2— ;33— o
4
Na, CO, 2% 300 W Fig. 4 Influence of water addition on the main
1.5 min physicochemical performance
of bentonite
4,
4 SN °
2.2
32% o
4 o
4

Table 4 Physicochemical properties indexes of bentonite and the green pellets properties indexes

/ / / /
oo ! /% . -1 . -1 p! p!
(mLeg™) mL-(3 g) (0.5 m) (NP7) (N-P7)

1" 11.50 285.40 35.60 3.10 8.99 55.70
2" 19. 80 390. 80 91. 80 5.43 15.23 67.69
3" 15.20 390. 50 83.65 4.53 14. 45 62.90
4" 12.55 311.50 78.70 4.25 14. 08 51.58
5* 13.90 266.70 67.30 4.07 12. 86 46. 01
6" 16. 65 372.98 93.10 3.80 13.35 54.27
7* 17.50 366.20 95.10 5.00 12. 65 63.70
g* 18. 40 346. 95 93.70 4.40 11.59 51.80
9* 18. 10 353.08 95. 60 5.15 13.90 64.74
10* 18.25 345.91 95. 60 4.95 12.31 46. 58
1n* 18.45 346. 60 96.70 5.10 12.97 59.21
12* 19.35 339.55 96. 40 4.95 14. 18 60. 63
13* 19.15 337.26 94.90 4.85 12.36 41.58
14* 12.20 343. 49 86.70 4.14 13.71 56.00
15* 12. 80 351.81 98. 60 4.91 13.98 57.27
16" 13.30 347. 47 99. 50 5.40 13.80 60. 95
17* 13.80 349.77 97. 80 5.95 14.13 61. 66
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4 17* x;
5.95 /(0.5 m) 17
1 2.3.1
2" Yiy Yo~ Y3
Xy~ Xys Xjo “rkoxT
R G ® »<0.001. p<0.01,
o p <0.05 p<0.1
2.3 R o
R (1) 4 o
. 0 4
y=by +bx, +byx, +bx, +& (1 cor( ) 4
b b, byb, .
5
Table 5 Correlation analysis of raw data
Xy X2 X3 Y1 Y2 Y3
%, 1
%, 0.463 64+ 1
e 0.516 55* 0. 670 84 ¥ 1
Y1 0.399 54 0.503 06* 0. 770 81 Hkk 1
¥ 0. 155 28 0.554 00* 0. 641 06 0. 610 52 & 1
Y3 0. 067 88 0. 569 86* 0.208 64 0.422 89+ 0.454 85+ 1
5 6~7
0.770 81; @
y, =0. 001 466 1x, —0. 000 579 8x, +
0. 6; 0.034 093 Ox, +1.871 010 8 (2)
o 0.006 911 0O F ~
0.067 88 Fy (3 13) =5.74 <6.356 :
o 0.01
(2) . R ; 0.501 1
Im() summary( ) 4 50.11%
6~7 X~ Xy 0.9
6
Table 6 Regression coefficient table of dependent variable to independent variable
by %, X5
i 1.871 010 8 0.001 466 1 -0.000 579 8 0.034 093 0
¥, 6. 380 460 0 -0.140 520 0 0.012 690 0 0. 053 260 0
Y3 10. 052 220 0 -0.465 860 0 0.018 576 0 -0.112 1800




88 48 3

7

Table 7 Summary of regression model test results

R R F(3 13) P i p
X 0.029 0.977 140 0
¥ 0.594 6 0.501 1 6.356 0.006 911 0 X, -0.111 0.913 290 0
X, 3.134 0.007 910 0 **
X, -1.221 0. 243 600 0
¥, 0.496 7 0.380 5 4.276 0. 026 290 0 x, 1. 060 0. 308 400 0
X 2.136 0.052 300 O~
% -0.730 0.478 600 0
Y3 0.404 0 0.266 4 2.937 0.072 960 0 x, 2.795 0. 015 200 0*
X -0.810 0.432 300 0
p 0.072 960 0O F ~
R Fo (3 13) =2.56 <2.937 0.1
DAAG vif( ) D
o vif 10 0.05 ;
vif () : 0.266 4
XN Xy X5 vif 1.412 0. 1.882 3 26. 64% o
2.0154 2.3.2
@ R step( )
summary ()
y, = —0.140 520 Ox, +0. 012 690 Ox, + o
0. 053 260 Ox; +6.380 460 0 (3) 8§~9 0
p 0.026 290 0O F ~ 8§~9
Foos(3 13) =3.41 <4.276
0. 05 ; P y, =0.033 447x, +1. 751 983 (5)
0.1 X, X 8
: 0.380 5 Table 8 Regression coefficient table of dependent
38. 05% . variable to independent variable
) after model correction
: b, %, %, X,
v, = —0. 465 860 Ox, +0. 018 576 Ox, — noo L7198 — - 0.033 447
0. 112 180 Ox, +10. 052 220 0 (4) 2 8155740 — - 0.057:230
Y3 12.276 550 — 0. 128 90 —
9
Table 9 Summary of regression model test results after model correction
R R F(3 13) p ! p
Y1 0.594 2 0.567 2 21.970 0. 000 292 1 X, 4.687 00 0. 000 292 0 ok
bp) 0.4110 0.3717 10. 470 0.005 551 0 X 3.235 00 0. 005 551 0 %*

Y3 0.3247 0.279 7 7.214 0.016 930 0 %, 0. 128 90 0. 016 900 0*
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X~ Xy P X3 X2 ;
F X5 X, X Y, °
p 0.007 910 0 0. 000 292 0
X3 Y1 ;
0.501 1 0.567 2 y; =0. 128 900x, +12. 276 550 (7)
g ° X X3
D 0.072 960 0 0.016 9300
y, =0. 057 230x, +8. 155 740 (6) X, Y3 28% o
X, X, 2.3.3
0.026 2900 0. 005 551 00 N
Xy P R plot()
0.052 300 O 0.005 551 0 5 0
(a) yii (b) y: () x
5y )
Fig. 5 Diagnostic diagram of regression model of y,. y, and y,
5 p 0.293 6. 0.738 2. 0.056 8
y=0 0.05 o
0 ; R shapiro. test( ) 2.3.4
o w 9*
1 p 0. 05 . 187 19*
o w 10 o
0.937 85. 0.965 62. 0.895 34 1
10
Table 10 Table of validation test results
/% Lo(3 /_] / / / / / /
o mle(3¢) (0.5 m) ! «(0.5m) "' (NeP7')  (NeP”')  (NeP”') (NP7
18%  536.42 79. 35 4.4 4.7 12.70 14. 00 81.42 100. 01
19" 387.60 76. 65 4.3 3.5 12. 54 13.31 62. 64 73.01
9%  353.08 95. 60 4.9 5.2 13. 63 13.90 57.79 64.74
10 3
1 /(0.5 m) ; : 18"

1.30 0.77 0.27 N/P

10 N/P
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