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Mechanism and structure-activity relationship of a new composite
binder to improve the quality of green pellets
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ABSTRACT Reducing bentonite consumption is one of the effective ways to improve the grade of pellets and realize energy saving
and emission reduction. Based on the new high-efficiency composite binder, the effect of the composite binder on the quality of green
pellets and structure-activity relationship with important indexes were studied by means of green pellet preparation, linear fitting
analysis, and green pellet mechanical characteristics analysis. Moreover, the mechanism of the composite binder to improve the quality
of the green pellets was expounded. Results show that the composite binder pellet, with a ratio of 1.2% bentonite and 0.028% organic
binder, has a drop number (dropped from 0.5 m height) of 6.2, a average crushing strength of 14.5 N, and a shock temperature of 542 °C.
Compared with the pellet with 2.0% bentonite, the mass of the green pellets is similar; however, the bentonite consumption is reduced by
40%. Based on the analysis of the structure-activity relationship, the organic binder has a considerable effect on the drop number and the
shock temperature of the green pellets, and the bentonite has a greater effect on the dry-crushing strength. The organic binder strengthens
the drop number of the pellets by enhancing the hydrophilicity, capillary force, and viscosity, and it forms small amounts of pores on the
surface layer during drying, which is beneficial for discharging water in the pellets and improving the shock temperature of the pellets.

After drying, the organic binder strengthens the pellets in the form of a solid connection bridge; however, the site and the size of the
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pores may reduce the dry-crushing strength. Therefore, bentonite plays a decisive role in the strength of the dry pellets, and the influence

of the organic binder on the strength of the dry pellets is multifaceted.

KEY WORDS pellet; compound binder; the quality of green pellet; the mechanism of action; structure-activity relationship
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Table 1 Main chemical compositions and static pelletization index of iron-containing raw materials

Chemical composition(mass fraction)/%
Iron ore LOI
TFe FeO SiO, Al,O; CaO MgO S P

Mass fraction of iron Mass fraction of iron
ore with =74 um/%

Specific surface Static

ore with =45 um/% area/(cm*g™") pelletization

A 65.1524.89 495 1.66 040 0.54 0.077 0.012 —0.74
B 6546 2583 3.76 0.63 1.02 1.62 0.200 0.100 —1.91

Z  65.7526.50 6.57 0.84 0.30 0.48 0.054 0.014 -0.47

94.0 78.8 1408 Medium
99.5 94.8 1466 Excellent
93.6 80.3 1568 Good

Note: LOI is burning loss.
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Table 2 Physical and chemical properties of bentonite

Methylene blue Swelling

adsorbed/ Watzaﬁ);o{;{p tion coefficient/ (C(:rl(;lsd 1;1/(11:1?
(per 100 g)/g g (mL-g™) p g
21.69 496 25 580

3 AYUREETH P IRIME S TR H0

Table 3 Chemical composition of the organic binder P ash %

Na,0 SO, (Ca0 Si0, Cl  MgO ALO; K,0

88.4 10.06 0382 0366 0277 0214 0.168 0.024

TR 20%, T JE 5 WU IR A R e Bk A BRI A
$1000 mm, 1 5 200 mm [R %% & BRAL AT, 0 ff
45° ~ 47°0[ ), B3 23 romin”!, 3&BROFE] 15 min, 45
BRAK A3 45 B TE 8.0% ~ 9.0%, 1 Bk 4 F 5% I T
Ak K, 2 min Hil #REBR . 10 min BEERE K E] H FR
T, 28 3 min BlEEe 2h 4% )5, AR 12.5 ~ 16 mm
()5 4 BR AT, Fac BRAR 1 7 3 A i A BROK 43 L B 5
JE VKT ORI MRS R TR SRS R
2 XWHERESH
21 FELEEE I AERRENZM

3 = T BT A 1R T S ) 52 e R A 1
. B R R 3, AR ERVE T 9B R T Ek
5 B W T, AR Bk AR A /MR AR T i 1

FH A0 Az BR BT 5 B AT R R, 5 T
0 0 5 B R AT A A A P R O I -
Joi i BR 2.0% B, AR BR T B AT RE R AR e
SR, M AR ERYE PSR (0.5 m = VR R kB A
6.3, 2R A 530 C. W UL AT UL, i 4 T A
BRAGTE T 08 | 0 2418 3 RN BR 9 A 5 ), X
A BRPT 58 LT I A 5

15 550

= 7t 1140.=

80
2 . . 15400 2
S 7 14+ 6} . < 3]
=S . * 7540:‘_)412052
55 |&st BOFITES
235 131E S 1520 £]100.82
= & 24t ) TR =2
[ZEE=] . _ — 2]
5 £ x ] g =
5 812t53¢ P 310980 £z
o & |5 L 1500 < o o
o 2 R eh S
s o 11+ —=— Drop number o) <
) 1L/~ Average crushing strength of green pellet | 49() .= 160 5
;<, —a— ihock 1empelrature bofd I n <,>

—e— Average crushing strength of dry pellet
10L 0 L L L L L 480

1.0 12 14 16 18 20
Mass fraction of bentonite/%

B 1 R 4 R R s e
Fig.1 Influence of bentonite dosage on the quality of green pellets
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Table 4 Influence of compound binder dosage on the quality of green pellets

Mass fraction of ~ Mass fraction ~ Drop

Average crushing strength

Shock Average crushing strength Moisture content of

bentonite/% of P/ % number of green pellet / N temperature/ C of dry pellet /N green pellet/ %
0.020 3.9 11.0 535 82.3 8.4
0.030 4.7 11.3 550 81.8 8.4
1 0.040 5.1 11.9 560 90.7 8.8
0.050 5.8 11.6 540 89.5 8.6
0.020 4.8 14.6 535 59.0 8.1
0.024 5.8 13.8 530 57.1 8.5
12 0.028 6.2 14.5 542 66.0 8.3
0.032 6.6 13.9 554 73.9 8.6
0.016 4.1 13.3 540 65.2 8.7
0.020 5.9 12.2 546 72.3 8.6
13 0.024 6.4 11.7 549 63.3 8.7
0.028 7.0 13.6 555 73.1 8.5
0.008 4.1 12.1 520 88.4 8.6
0.012 5.2 11.2 535 107.3 8.8
L4 0.016 6.9 12.8 528 98.3 8.7
0.020 7.8 13.8 530 108.1 9.0
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Table 5 Significance and fitness of regression equation

Factor Slgmf"lcance of Slgmﬁc.ant R
variance P correlation
Drop number 0.0004 Very significant 0.882
Green crushing 0.551 Not relevant 0.433
strength
Shock temperature 0.006 Significant 0.713
Dry crushing strength 0.008 Significant 0.588
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Table 6 Standardized regression coefficient of organic binder P and

bentonite
Factor P Bentonite
Drop number 0.905 0.734
Shock temperature 0.851 0.206
Dry crushing strength 0.190 0.843
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Table 7 Viscosity of bentonite and organic binder P
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