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Study on the pelletization and agglomeration mechanisms of low-
iron, high-titanium, high-vanadium iron concentrate
in Chaoyang, Liaoning
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Abstract: The vanadium—titanium magnetite resources in the Chaoyang area of Liaoning Province (also
known as Liaoxi) exceed 20 billion tonnes. The iron concentrate obtained from beneficiation is charac-
terized by high Si, Ti, and V contents, complex mineral composition, and the absence of a mature pellet-
izing process. Therefore, investigating the balling behavior and pellet consolidation mechanism of this
concentrate is of great significance for the efficient and comprehensive utilization of these distinctive
vanadium—titanium resources. In this study, orthogonal and single-factor experiments were conducted to
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examine the effects of mixture moisture, balling time, wet grinding, and high-pressure grinding rolls on
green pellet properties. The results show that the factors affecting green pellet compressive strength fol-
lowed the order of high-pressure grinding rolls, wet grinding, balling time, and mixture moisture,
whereas those affecting drop strength followed the order of high-pressure grinding rolls, balling time,
mixture moisture, and wet grinding. The suitable process parameters were determined as 1.2% benton-
ite, 8% mixture moisture, and 12 min balling time. After preheating at 900 °C for 8 min and roasting at
1100 °C for 10 min, oxide pellets with a compressive strength of 2641 N per pellet and favorable metal-

lurgical properties were obtained.

Key words: low-Fe high-Ti high-V iron concentrate; pellets; green pellet properties; compressive

strength
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Table 1 Chemical compositions of iron ore concentrate and bentonite %
Samples TFe TiO, V,0; FeO SiO, CaO MgO AlLO, K,0 Na,O S LOI
Iron concentrate 45.68 18.55 1.61 15.35 6.48 4.06 0.68 2.17 0.08 1.26 0.05 1.2
Bentonite 3.23 57.81 3.92 2.81 13.78 1.301 6.78 154
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Table 2 Particle size distribution of Liaoxi vanadium-ti-
tanium magnetite

Particle size/mm w/%
+0.85 0.17

0.85 ~0.425 0.30
0.425 ~0.180 1.01
0.180 ~0.125 7.00
0.125 ~ 0.087 243
0.087 ~ 0.075 6.18
0.075 ~ 0.045 16.10
-0.045 66.81
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Table 3 Static pelletizability index and specific surface
area of Liaoxi vanadium-titanium magnetite

MaximumMaximumg - oo ik density/True density/  SPeSiie
molecular capillary Index(K) (g-cm™) (g-em™) surface area/
water/% water/% J & (grem™)
4.80 18.60 0.348 1.76 4.25 558
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Fig.1 XRD phase analysis of Liaoxi vanadium-titanium
magnetite
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Fig. 2 Particle morphology micrographs of Liaoxi vana-
dium-titanium magnetite
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Fig. 3 Influence of bentonite dosage on green pellet prop-
erties
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Table 4 Factors and levels of the orthogonal experiment

Factor Al% B/min C/min D/times
Level 1 7 8 0 0
Level 2 8 10 1 1
Level 3 9 12 2 2
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Table 5 Results of orthogonal experiment

Te.st Horizontal . . . Compressive Falling
serial . A/% B/min C/min D/time strength/ strength /
number combination (N-pellet”’)  times
1 ABCD, 7 8 0 0 11.3 3.0
2 ABCD, 7 10 1 1 11.9 4.1
3 ABCD, 7 12 2 2 18.3 9.8
4 AB,C,D; 8 8 1 2 14.4 4.95
5 AB,CD, 8 10 2 0 133 3.45
6 AB,CD, 8 12 0 1 11.1 4.0
7 A;B,C,D, 9 8 2 1 14 3.8
8 AB,CD; 9 10 0 2 10.8 2.65
9 A;B,C,)D, 9 12 1 0 13.5 4.45
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Table 6 Analysis of the influence of various factors on pel-

let compressive strength N/pellet
Project K, K, K; R
A 41.5 38.8 38.3 3.2
B 39.7 36 42.9 3.2
C 38.1 37 43.5 6.5
D 332 39.8 45.6 12.4
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Table 7 Analysis of the influence of various factors on pel-

let drop strength times
Project K, K, K; R
A 16.9 12.4 10.9 6
B 11.75 10.2 18.25 6.5
C 10.9 11.9 17.4 5.5
D 9.65 13.5 17.05 7.4
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Fig. 4 Influence of pelletizing time on green pellet properties
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Table 8 Oxidized pellet strength and metallurgical properties of Liaoxi vanadium-titanium magnetite pellets

Oxidation sphere performance

Metallurgical properties

Compressive strength /(N.pellet ')

Drum strength ~ Abrasion index ~ Reduction degradation Degree of Reduction swelling
Preheated pellet Roasted pellet (+6.3mm)/%  (-0.5mm)/% index (RDL;,5)/% reduction (RI) /% index (RSI) /%
552 2 641 93.25 2.18 98.60 62.35 6.33

SRR, PRI HE L P ] 2 1 [ 455 A A%
AR ALBRIAT, TEABRTIR SR 1K 552 N/BK, REe Bk

JESREE K 2641 N/BEK ., LUZSEALER A MREE, HHi E=
FFRME GB/T 13240-2018 F1 GB/T 13242-2017 4351
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Fig. 8 SEM analysis of Liaoxi vanadium-titanium mag-
netite oxidized pellets

x99 UTARNKEKY EURZTAMATERETFRE
Table 9 Elemental content at various points in Liaoxi va-
nadium-titanium magnetite oxidized pellets %

Point Fe Ti \% Si Ca Mg Al (6]

1 232 208 04 0.4 03 03 08 538
2 242 200 02 0.0 00 02 00 548
3 290 160 0.5 0.4 0.1 0.1 1.0 529
4 9.7 0.5 0.1 223 49 67 3.0 528
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Fig. 9 SEM analysis of Liaoxi vanadium-titanium mag-
netite pellets reduced under blast furnace Atmo-
sphere
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Table 10 Elemental content at various points in Liaoxi va-
nadium-titanium magnetite oxidized pellets %

Point Fe Ti \ Si Ca Mg Al (0]

5 81.8 35 03 2.8 1.8 0 0.8 9.0
6 17.8 0.2 0 16.5 22 96 04 533
7 5.3 03 01 229 100 62 1.1 542
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