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Abstract: To achieve high efficiency utilization of high-chromium vanadium–titanium magnetite (V–Ti–Cr) fines, an investigation of 
V–Ti–Cr fines was conducted using a sinter pot. The chemical composition, particle parameters, and granulation of V–Ti–Cr mixtures were 
analyzed, and the effects of sintering parameters on the sintering behaviors were investigated. The results indicated that the optimum quick-
lime dosage, mixture moisture, wetting time, and granulation time for V–Ti–Cr fines are 5wt%, 7.5wt%, 10 min, and 5–8 min, respectively. 
Meanwhile, the vertical sintering speed, yield, tumbler strength, and productivity gains were shown to be 21.28 mm/min, 60.50wt%, 
58.26wt%, and 1.36 t⋅m−2⋅h−1, respectively. Furthermore, the consolidation mechanism of V–Ti–Cr fines was clarified, revealing that the 
consolidation of a V–Ti–Cr sinter requires an approximately 14vol% calcium ferrite liquid-state, an approximately 15vol% silicate liq-
uid-state, a solid-state reaction, and the recrystallization of magnetite. Compared to an ordinary sinter, calcium ferrite content in a V–Ti–Cr 
sinter is lower, while the perovskite content is higher, possibly resulting in unsatisfactory sinter outcomes. 
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1. Introduction 

Vanadium–titanium magnetite ore is a complex iron ore 
that contains various valuable metal elements including iron, 
vanadium, and titanium. Vanadium–titanium magnetite ore 
is a major source of vanadium and is most commonly found 
in Australia, China, Russia, and South Africa [1]. Many 
studies on the comprehensive utilization of this material 
have been conducted worldwide [2–6]; however, due to the 
many drawbacks involved in its use, vanadium–titanium 
magnetite has been classified as a typical polymetallic par-
agenetic ore that is difficult to treat and utilize [7–8]. The 
disadvantages associated with vanadium–titanium magnetite 
include poor grade, fine mineral crystal size, complicated 
phase structure, and numerous mineral components [9]. 
Many researchers have attempted to employ a direct reduc-
tion process to realize the effective comprehensive utiliza-
tion of vanadium–titanium magnetite [10–11]; however, the 
mainstream route for its comprehensive utilization is the 
transition from a blast furnace to a basic oxygen furnace 

(BF→BOF). As the primary charging form for BF, sintering 
plays an important role in the BF process. In addition, 
V–Ti–Cr sinter is an important product in achieving the 
utilization of V–Ti–Cr fines.  

To date, the sintering behaviors and consolidation 
mechanisms of V–Ti–Cr fines have not yet been made clear, 
significantly influencing the productivity, sinter quality, 
coke content, sinter cost, BF performance, and furnace life 
of these materials. 

In this study, the chemical composition, particle parame-
ters, and granulation of V–Ti–Cr mixtures were investigated. 
The effects of quicklime dosage, mixture moisture, wetting 
time, and granulation time on the behaviors, and metallur-
gical properties including sinter rate, yield, tumbler strength 
(TI), and productivity were also studied. Additionally, the 
consolidation mechanism of V–Ti–Cr fines was clarified 
using optical microscopy equipped with a Leica Qwin im-
age processing and analysis application, scanning electron 
microscopy (SEM), and energy dispersive X-ray spectros-
copy (EDS).  
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2. Experimental 

2.1. Experimental materials 

The V–Ti–Cr fines used in this study were imported from 
ARICOM Group Company, Russia, and the other raw mate-
rials were supplied by Jianlong Iron and Steel Group Com-
pany, China. The chemical compositions of the raw materi-
als and coke breeze used in experiments are listed in Tables 
1 and 2. Compared with vanadium and titanium magnetite 
in Panzhihua, China (TFe ~51.16wt%, V2O5 ~0.55wt%, 
TiO2 ~13.29wt%, Cr2O3 <0.08wt%) [12], V–Ti–Cr fines 

are a high-chromium (Cr2O3 0.47wt%), high-vanadium 
(V2O5 1.01wt%), and low-titanium (TiO2 5.12wt%) vana-
dium–titanium magnetite ore with a higher utilization 
value. 

The particle parameters of the V–Ti–Cr fines were tested 
by a dynamic image particle analyzer (BT-1600; Table 3), 
and the morphological appearance of the V–Ti–Cr fines is 
shown in Fig. 1. As shown in Table 3, the circularity and 
aspect ratio of V–Ti–Cr fines are 0.87 and 1.38, respectively, 
and the fines are difficult to granulate due to the nearly cir-
cular particle shapes (Fig.1). 

 Table 1.   Chemical composition of raw materials                  wt% 

Raw materials TFe FeO CaO SiO2 MgO Al2O3 TiO2 V2O5 Cr2O3 H2O 

V–Ti–Cr fines 61.42 28.63   0.32 2.54  1.20 2.95 5.12 1.01 0.47 1.02 

Magnetite A 64.32 28.03   2.34 6.32  0.34 0.68 — — — 0.26 

Shaft furnace dust 62.56 —   0.31 8.16  0.58 0.92 — — — — 

Magnesite — —   1.20 3.50 42.00 — — — — 2.00 

Limestone — — 45.4 2.91  6.81 — — — — — 

Quicklime — — 80.0 5.00  1.10 — — — — — 

 Table 2.  Industrial analysis of coke breeze and chemical compositions of the ash             wt% 

Ash (14.00wt%) 
Fixed carbon Volatile 

Organic com-
pounds FeO CaO SiO2 MgO Al2O3 Others 

84.00 0.50 1.50 0.14 0.48 7.50 0.15 2.72 2.89 

Table 3.   Particle parameters of iron fines 

Materials Circularity 
Maximum particle  

size / mm 
Minimum particle 

size / mm 
Average particle

size / mm 
Aspect ratio 

Median particle 
size / mm 

V–Ti–Cr fines 0.87 0.89 0.002 0.17 1.38 0.210 

Magnetite A 0.81 0.69 0.002 0.13 1.39 0.056 

 

 
Fig. 1.  Morphological appearance of V–Ti–Cr fines. 

The XRD pattern of the V–Ti–Cr shown in Fig. 2 indi-
cates that the chemical speciation of the titanium minerals is 
titanium–magnetite. In the magnetite, V mainly occurs iso-
morphically, while Cr also occurs isomorphically, forming 
chromium–magnetite. Iron and titanium in the ore are dense 
and symbiotic, mainly occurring in the form of magnetite 
(Fe3O4/Fe2.95O4Si0.05) and ilmenite (FeTiO3), while TiO2 

monomer does not exist in V–Ti–Cr fines; these results are 
in agreement with the relevant mineralogical analysis of 
V–Ti-magnetite [13–14]. 

 

Fig. 2.  XRD pattern of V–Ti–Cr fines. 
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2.2. Experimental methods 

The sintering tests were conducted in a pilot-scale pot. 
The tests covered blending, mixing, granulation, ignition, 
sintering, cooling, crushing, and treatment of the cooled 
sinter. The mass fraction of V–Ti–Cr fines was 50wt%; the 
mass fraction of magnetite A was approximately 9.16wt%, 
and the mass fraction of shaft furnace dust was 4.5wt%. The 
mass fraction of return fines was 14.0wt%, and the coke 
content was 5.0wt%. The basicity (R = CaO/SiO2) was ad-
justed to 2.10 by limestone or/and quicklime. The reference 
ore matching scheme of the V–Ti–Cr sintering pot test is 
shown in Table 4. 

The sinter blend mixture used was a twice-mixed granu-
lation. First, the raw materials were loaded in an iron plate 
according to Table 4 and blended. They were then wetted 
for 2–12 min by adding 6.0wt%–9.0wt% moisture, and the 

mixture was finally loaded into a granulation drum with a 
diameter of 600 mm and a length of 1400 mm. The granula-
tion of the sinter mixture was performed at 15 r/min for 2–8 
min. Some of the granulated sinter mixture was sampled to 
measure the moisture, size distributions, and permeability. 
The rest was loaded into a φ150 mm × 500 mm sinter pot 
with a 1-kg hearth of V–Ti–Cr sinter sizing at 10–16 mm. 
After ignition at 1000°C for 2 min, sintering proceeded until 
the end point of sintering when the temperature of the flue 
gas reached the peak value. Subsequently, the sample was 
cooled for 5 min at 5 kPa suction. The sinter plus was then 
crushed by a rake crusher with 40-mm gaps between rakes, 
followed by a shattering test, where crushed sinter was dropped 
three times from a height of 2 m. Finally, the sinter was screen-
ed into five size fractions (>40 mm, 25–40 mm, 10–25 mm, 
5–10 mm, and <5 mm) for further evaluation of metallurgical 
properties. The sintering test parameters are listed in Table 5. 

 Table 4.   Reference ore matching scheme of V–Ti–Cr sintering pot test  wt% 

Item V–Ti–Cr fines Magnetite A Shaft furnace dust Magnesite Limestone Returns 

Reference 50.00 9.16 4.50 2.00 15.34 14.00 

 
Table 5.  Parameters of sintering test 

Bed height: 500 mm Sintering pot diameter: 150 mm

Ignition pressure: 5.0 kPa Exhausting pressure: 10.0 kPa

Ignition temperature :1000°C Ignition time: 2 min 

Carbon content in blend mix: 5.0wt%Moisture: 6.0wt%–9.0wt% 

Return fines content: 14.0wt% Wetting time: 2–12 min 

Basicity (R=CaO/SiO2): 2.10 Pelletizing time: 2–8 min 

3. Results and Discussion  

3.1. Effect of quicklime on sintering 

Limestone was replaced by 2wt%, 5wt%, and 6.5wt% of 
quicklime based on a reference ore-matching scheme. The 
basicity (R = CaO/SiO2) was adjusted to 2.10 using lime-
stone, the granulation time was fixed to 5 min, the mixture 
moisture was maintained at 7.0wt%, and the coke ratio was 
set at 5.0wt%.  

The effect of quicklime dosage on the sintering behavior 
is shown in Fig. 3. As the quicklime dosage increases, the 
vertical sintering speed increases from 16.39 to 18.86 
mm/min, the yield increases from 56.30wt% to 60.3wt%, 
the TI increases from 55.36wt% to 57.50wt%, and the pro-
ductivity increases from 0.97 to 1.20 t⋅m−2⋅h−1. 

The indicators increase at a higher rate before the quick-
lime dosage reaches 5.0wt%, and no further positive effect 
is observed once the quicklime dosage exceeds 5.0wt%. 

Quicklime can slake into hydrated lime Ca(OH)2 when it 
meets water in the sinter mixing and granulation stages. In 
addition, the temperature of the sinter mixture is increased 
by the exothermic reactions of hydration, and granulation is 
also improved by bonding of Ca(OH)2, which can reduce 
moisture condensation in the bottom layer of the sinter bed 
and improve the granule strength [15–16]. This decreases 
resistance in the sintering process and improves the sintering 
indicators. Meanwhile, the hydrated lime Ca(OH)2 slaked by 
quicklime is conducive to the generation of calcium ferrite 
in the solid phase, improving the sinter strength by increas-
ing the calcium ferrite content. 

 

Fig. 3.  Effect of quicklime proportion on V–Ti–Cr sintering. 
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More moisture is needed to consume and carry out the 
non-complete mineralization of part of the quicklime. Due 
to the shortage of moisture, some white flakes of free quick-
lime can be found in the mixture once the quicklime dosage 
is increased to 5.0wt%. The quality of free quicklime in the 
mixture is not good enough to improve the overall quality of 
the sinter. Therefore, the optimum quicklime dosage is 
5.0wt%. 

3.2. Effect of mixture moisture on sintering 

During sintering, the quicklime dosage was 5.0wt%, and 
the basicity (R = CaO/SiO2) was adjusted to 2.10 using 
limestone. The granulation time was 5 min and the mixture 
moisture contents were 6.0wt%, 7.0wt%, 7.5wt%, 8.0wt%, 
and 9.0wt%. The effect of mixture moisture on the sintering 
behaviors is shown in Fig. 4. 

 
Fig. 4.  Effect of mixture moisture on V–Ti–Cr sintering. 

As more quicklime is incorporated into the sinter mixture, 
more moisture must be added to guarantee full quicklime 
hydration, more heat is released, and more bonding of hy-
drated lime occurs, improving the granulation and sintering. 
The vertical sintering speed, yield, TI, and productivity first 
increase, reaching maximum values of 20.83 mm/min, 
60.20wt%, 58.20wt%, and 1.32 t⋅m−2⋅h−1, respectively, at a 
mixture moisture content of 7.5wt%. Once the moisture of 
the sinter mixture exceeded 8.0wt%, the vertical sintering 
speed, yield, TI, and productivity dropped slightly; these 
parameters dropped dramatically when the moisture content 
exceeded 9.0wt%. The heat provided to generate the liquid 
phase is insufficient for sustaining evaporation once the 
moisture exceeds 7.5wt% with a fixed amount of fuel. Addi-
tionally, the excess moisture fills the pores of the balls, 
causing them deform and coalesce. This results in the small 
particles becoming too large to easily produce enough of the 
liquid phase. Furthermore, the thickness of the sintered wet 
layer increases with excess moisture, while the material 

layer permeability decreases. Therefore, the vertical sinter-
ing speed, yield, TI, and productivity drop. Thus, the results 
suggest that the highly sensitive moisture fluctuations in the 
active zone of the V–Ti–Cr mixture should be strictly con-
trolled. 

3.3. Effect of wetting time on sintering 

For this portion of the study, the quicklime dosage was 
5.0wt%, the basicity (R = CaO/SiO2) was adjusted to 2.10 
using limestone, the granulation time was 5 min, and the 
mixture moisture was maintained at 7.5wt%. The effect of 
wetting time on the sintering behaviors is shown in Fig. 5. 

 
Fig. 5.  Effect of wetting time on V–Ti–Cr sintering. 

Fig. 5 shows that the indicators trend upward with in-
creases in wetting time; the vertical sintering speed and 
productivity reach maximum values of 20.83 mm/min and 
1.32 t⋅m−2⋅h−1, respectively, when the wetting time is 10 min. 
Once the wetting time exceeds 10 min, the vertical sintering 
speed and productivity decrease because the temperature in-
crease of the sinter mixture due to exothermic reactions of 
hydration is reduced. In conclusion, the optimum wetting 
time is 10 min. 

3.4. Effect of granulation time on sintering 

For this part of the study, the quicklime dosage was 
5.0wt%, the basicity (R = CaO/SiO2) was adjusted to 2.10 
using limestone, the wetting time was 10 min, and the mix-
ture moisture was maintained at 7.5wt%. The effect of 
granulation time on the sintering behavior is shown in Fig. 
6. 

Fig. 6 reports the effect of granulation time on V–Ti–Cr 
sintering, clearly indicating that the indicators increase as 
the granulation time increases. The vertical sintering speed, 
yield, TI, and productivity reach maximum values of 21.28 
mm/min, 60.50wt%, 58.26wt%, and 1.36 t⋅m−2⋅h−1, respec-
tively, when the granulation time is 8 min. With increases in 
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granulation time, the quasi-particle index GI0, the average 
diameter of the ball d, the pelletizing efficiency E, and the 
anti-chalking index B of the V–Ti–Cr fines also increase. 
The increases in GI0, d, E, and B then lead to increases in 
material layer permeability, improving the indicators, espe-
cially when the granulation time is between 2 and 4 min. 
When the granulation time exceeds 5 min, the ball volume 
of the V–Ti–Cr fines grows rapidly, and some of the balls 
are damaged by subsequent impact forces during the granu-
lation process, resulting in the effects of granulation time 
being less evident. On the basis of the above results, we 
suggest that the granulation time should be controlled be-
tween approximately 5 and 8 min. 

3.5. Effect of granulation on sintering material layer 
permeability 

The granulation indices of the reference mixture and 

mixture II (the mixture with 5.0wt% quicklime, 7.5wt% 
moisture, a wetting time of 10 min, and a granulation time 
of 8 min) were investigated. The results are shown in Table 
6 and Fig. 7. 

 
Fig. 6.  Effect of granulation time on V–Ti–Cr sintering. 

 Table 6.   Size distribution of V–Ti–Cr balls                 wt%   

Item +8 mm 8–5 mm 5–3 mm 3–2 mm 2–1 mm 1–0.25 mm –0.25 mm d / mm 

Reference 3.75 6.86 9.38 12.65 24.28 20.67 22.41 2.05 

II 5.56 7.65 12.86 20.80 18.28 16.26 18.59 2.56 

 

 
Fig. 7.  Effect of enhanced granulation on granulation index of 
V–Ti–Cr mixture. 

The parameters d, GI0, E and B are defined and calcu-
lated as follows. 

 (1) Average particle size d:  

i i

i

w d
d

w
= 
 , 

where wi is the mass fraction of grain i, and di (mm) is the 
average particle size of grain i. 

 (2) quasi-particle index GI: 

1 1 2 2

1 2

GI 100%
A B A B

A A

 − −
= + × 
 

, 

where A1 is the mass fraction of the 0.5–0.25 mm size frac-
tion before granulation, B1 is the mass fraction of the 
0.5–0.25 mm size fraction after granulation, A2 is the mass 
fraction of the <0.25 mm size fraction before granulation, 
and B2 is the mass fraction of the <0.25 mm size fraction af-
ter granulation. 

Generally, the second term in the right-hand side of the 
above formula was used for the calculation: 

2 2
0

2

GI 100%
A B

A

 −
= × 
 

, 

(3) pelletizing efficiency E: 

2 1

1

100%
q q

E
q

−
= × , 

where q1 is the mass fraction of >3 mm size fraction materi-
als before granulation, and q2 is the mass fraction of >3 mm 
size fraction materials after granulation. 

(4) Anti-chalking Index B: 

2 1

0 1

1 100%
W W

B
W W

 −
= − × − 

, 

where W0 is the mass fraction of <0.25 mm size fraction 
materials before granulation, W1 is the mass fraction of 
<0.25 mm size fraction materials after granulation, and W2 is 

the mass fraction of <0.25 mm size fraction of granulation 
materials after strength testing. 
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(5) permeability p (Carman equation): 

2

0.2g
p

S

αε
η

=   (Re ≤ 2300), 

0.526 1.58

0.053 0.579 0.474

1.629g
p

S

ε
η ρ

=   (Re > 2300) 

according to the Voice equation 
m

n

F h
p

A s
= ⋅ , 

where p is the permeability, g is the acceleration due to 
gravity, ε is the porosity, η is the gas viscosity, S is the spe-
cific surface area of material pellets, ρ is the gas density, F is 
the airflow, A is the ventilation area, h is the material layer 
height, s is the negative pressure, and m and n is coefficients, 
where m = n = 0.6. 

As can be observed in Table 6 and Fig. 7, compared to 
the reference mixture, the average particle size of d in mix-
ture II increases from 2.05 to 2.56 mm, which is appropriate 
within the scope of 2.4–2.6 mm [17]. However, the 2–5 mm 
size fraction of mixture II is only 33.66wt%, much less than 
the 50wt% content of the 2–5 mm fraction in ordinary iron 
ore. The proportion of the <0.25 mm size fraction decreases 
from 22.41wt% to 18.59wt%, GI0 improves from 64.03% to 
70.16%, E increases from 44.27% to 88.09%, and B in-
creases from 50.26% to 65.23%, all of which improve the 
porosity ε of the material layer. According to the Koz-
eny–Carman equation, the material layer permeability p is 
related to both the material layer traits (ε, S) and gas proper-
ties (η, ρ). In addition, S, η, and ρ are all stationary, and the 
material layer traits and gas properties are under the same 
conditions; thus, p will increase with improvements in ε. 
From the Voice equation, we know that F is proportional to 
p when h, s, and A are all stationary. Because F increases 
with the improvement of p, the vertical sintering speed in-
creases, and the increase of the material layer’s oxidizing 
atmosphere is conducive to the generation of calcium ferrite 
[18–20], improving both the mineral composition of the 
sinter and the sintering behavior.  

3.6. Consolidation mechanism of V–Ti–Cr fines 

The petrology of mineral V–Ti–Cr sinters (reference and 
II) has been analyzed. The mineral composition of the 
V–Ti–Cr sinter is shown in Table 7. 

Table 7.   Mineral composition of V–Ti–Cr sinters  vol% 

Item 
Mag-
netite 

Hematite Perovskite Silicate 
Calcium 
ferrite

Glass

Reference 36–38 16–18 12–15 14–16 8–10 7–9

II 30–32 18–20 10–12 15–18 12–14 5–8

The results show that the mineral composition of 
V–Ti–Cr sinter is complex, and that the mineral composi-
tion is primarily magnetite (mostly containing Ti, V, Cr, Mg, 
etc.), hematite (mostly containing Ti, V, Cr, Mg, etc.), sili-
cate (dicalcium silicate, iron olivine, etc.), calcium ferrite, 
glass, and perovskite. 

The consolidation of a V–Ti–Cr sinter requires an ap-
proximately 14vol% calcium ferrite liquid-state consolida-
tion (Figs. 8(b) and (d)) and an approximately 15vol% sili-
cate liquid-state (Figs. 8(a) and (c)) supplemented by a 
solid-state reaction and the recrystallization of Fe3O4 (Figs. 
8(c) and 9). The amount of liquid phase, especially calcium 
ferrite, required to harden a V–Ti–Cr sinter is much lower 
than that required for ordinary iron ore sinters, which require 
30vol%–40vol% calcium ferrite. Furthermore, some perovs-
kite, a noteworthy mineral that should be taken in account 
with V–Ti sinters, is needed perovskite weakens the role of 
the bonding phase and makes the sinter susceptible to 
cracking when struck by an external force when perovskite 
disperses in the slag phase and in the iron minerals. Com-
pared to ordinary sinters, the calcium ferrite content in a 
V–Ti–Cr sinter is relatively low, and the perovskite occupies 
more volume, leading to poor TI and RDI in V–Ti sinters 
[21]. 

In addition, solid-state recrystallization plays an impor-
tant role in the consolidation of a V–Ti–Cr sinter, as shown 
in Figs. 8 and 9. EDS patterns of a V–Ti–Cr sinter in differ-
ent micro-zones under SEM are shown in Fig. 10. The 
solid-state reaction temperature (Tr) is equal to approxi-
mately 0.57 Tm (the melting temperature) in the sintering 
process; when the temperature is higher than the Tr, particles 
inside the crystal lattice of magnetite obtain enough energy 
to overcome bond barriers and diffuse onto the surface. This 
forms connecting bridges between the ore particles (indi-
cated by the arrowheads in Figs. 8(c) and 9), resulting in the 
recrystallization and crystal growth of magnetite. This re-
crystallization of magnetite is one of the solidification pat-
terns of a V–Ti–Cr sinter. In addition, the peak sintering 
temperature reaches 1450–1500°C and surpasses the melt-
ing points of fayalite (1205°C) and Ca–Fe olivines (1150°C; 
Fig. 8(d)).  

Overall, the crystallization of a V–Ti–Cr sinter is com-
plex; magnetite is mostly distributed jointly among calcium 
ferrite, perovskite, and silicate (Fig. 8). Hematite is mainly 
concentrated at the mineral edge (Fig. 8(a)), and bonding 
phase content is minimal, especially for calcium ferrite with 
good strength. Solid-state recrystallization plays an impor-
tant role in the consolidation of a V–Ti–Cr sinter (Figs. 8 
and 9).  
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Fig. 8.  Mineral structures of V–Ti–Cr sinter (II) (M: magnetite; H: hematite; S: silicate; CF & SFCA: calcium ferrite; P: 
perovskite; PE: pore; O: olivine; DS: dicalcium silicate). 

 
Fig. 9.  SEM image of V–Ti–Cr sinter (II) (M: magnetite; S: 
silicate; CF: calcium ferrite; P: perovskite). 

When the ratio of V–Ti–Cr fines reaches 50wt% in the 
mixture, priority will be given to the production of perovs-
kite rather than calcium ferrite during sintering. Perovskite 
does not have bonding effects and disperses in the slag 
phase and the iron minerals, which weakens the role of the 
silicate bonding phase along with the crystal stock between 
hematite and magnetite (Fig. 8(b)). In order to obtain a high 
quality V–Ti–Cr magnetite sinter, the content of the liq-
uid-phase should increase to approximately 40%, and the 
content of SiO2 should be controlled at approximately 
5.0wt%. The amount of calcium ferrite should be increased, 
and the amount of perovskite should be decreased by in-

creasing the ratio of added ordinary ores to a maximum of 
47wt% [22]. Moreover, the temperature and coke content 
should be considered carefully due to their influences on 
solid-state recrystallization. When there is a variation in the 
ratio of V–Ti–Cr fines, the optimal coke content must be 
adjusted for the high melting point of V–Ti–Cr fines. The 
optimal coke content of a sinter with 13wt% V–Ti–Cr fines 
is 4.0wt%–4.5wt% [23]. Further studies are underway to 
determine how to achieve the best possible V–Ti–Cr mag-
netite sinter. 

4. Conclusions 

Sinter pot tests on V–Ti–Cr fines were carried out, and 
the effects of quicklime dosage, mixture moisture, wetting 
time, and granulation time on the sintering behaviors of 
V–Ti–Cr fines were investigated. Furthermore, to gain a 
better understanding of the effects of granulation, material 
layer permeability was analyzed, and the granulation index 
of a reference mixture and the mixture II were studied. In 
addition, mineral petrology and SEM-EDS techniques were 
used to characterize the V–Ti–Cr sinter and thus reveal the 
consolidation mechanism. The following conclusions can be 
drawn from this work. 

(1) V–Ti–Cr fines have poor granulation efficiency, and  
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Fig. 10.  EDS patterns of micro-zone S (a), micro-zone P (b), micro-zone M (c), and micro-zone CF (d). 

quicklime dosage, mixture moisture, wetting time and 
granulation time all have important effects on the sintering 
behaviors. The optimum conditions are as follows: quick-
lime dosage, 5wt%; mixture moisture, 7.5wt%; wetting time, 
10 min; granulation time, 5–8 min. The vertical sintering 
speed, yield, TI, and productivity are 21.28 mm/min, 
60.50wt%, 58.26wt%, and 1.36 t⋅m−2⋅h−1, respectively. Ad-
ditionally, d, GI0, E, and B increase from 2.05 mm, 64.03%, 
44.27%, and 50.26% to 2.56 mm, 70.16%, 88.09%, and 
65.23%, respectively. 

(2) The consolidation of a V–Ti–Cr sinter requires an ap-
proximately 14vol% calcium ferrite liquid-state consolida-
tion and an approximately 15vol% silicate liquid-state sup-
plemented by a solid-state reaction and recrystallization 
of magnetite. Compared to an ordinary sinter, the calcium 
ferrite content in a V–Ti–Cr sinter is relatively low, and 
the perovskite content is high, resulting in poor sinter re-
sults. 

(3) In order to obtain a high quality V–Ti–Cr sinter, the 
amount of calcium ferrite should be increased, while the 
content of perovskite should be decreased. The effects of 
solid-state recrystallization should also be considered. Fur-
ther studies are needed to determine how to achieve the best 
possible V–Ti–Cr sinter. 
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