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Abstract: In order to investigate the influence of microstructure of Dagushan magnetite flavor powder on its oxidation
roasting properties SEM-EDS is used to analyze the presence modes of SiO, in two high-silica magnetite powders from
Dagushan Pellet Plant and TG/DTA is used to analyze the oxidation properties of high-silica magnetite powders and
briquetting and roasting of high-silica magnetite is used to analyze the continuous crystal growth characteristics of high—
silica magnetite powders. The XRD-Rietveld refinement results show that the main phase of 1¥ magnetite is Fe,0,

which contains part of Fe,0; and SiO,; the main phase of 2 magnetite is Fe,0, and SiO,. SEM analysis results show

that SiO, in both high-silica magnetites is mainly in the form of quartz tightly bound to Fe, O, magnetite. TG/DTA
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differential thermal analysis founds that: the initial oxidation temperature of 1% magnetite is 270 °C and the
comprehensive oxidation index is 2. 442 2. There are more primary hematite in 1* magnetite the temperature required
for oxidation of primary hematite is higher and the oxidation is relatively poor; the initial oxidation temperature of 2
magnetite is 237 °C and its comprehensive oxidation index is 9.046 2. So the oxidation roasting property of 2*
magnetite is better. By adjusting the ratio of 1% and 2* magnetite the initial oxidation temperature increases with the
increase of 1" magnetite ratio and the comprehensive oxidizability index decreases from 5.160 9 to 3.671 9. The
compressive strength test of single magnetite briquettes after oxidation and roasting shows that: the compressive
strength of 2% magnetite briquette is 2 300 N/P and the compressive strength of 1* magnetite briquette is 2 100 N/P.
The compressive strength of 2% magnetite briquette is better than the one of 1% magnetite. SEM analysis founds that the
newly-born hematite in 1* magnetite is mostly dotdike contiguous crystals with many micropores and the consolidation
effect is poor. The newly-horn hematite in 2* magnetite mostly presents lamellar contiguous crystals so its consolidation
effect is better. Therefore when preparing pellets by adding 1% high-silica magnetite the preheating roasting
temperature should be increased appropriately to make the magnetite fully oxidized and ensure the growth of newborn
hematite continuous crystals.
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o 5.20% - 0.074 mm
87.01% -0.048 mm
I 66. 93% 1837 cm’/g; 27
1.1 TFe 65.43%  Si0,
7.84%  -0.074 mm 97.78%
1.2 o 1 —-0. 048 mm 69. 23%
Si0, ; 2 188 cm’/g.
1 TFe 66.25% Si0,
1 ( )
Table 1 Main chemical composition of high-silica magnetite concentrates %
TFe FeO Sio, Al O, Ca0 MgO K,0 Na, O
1* 66. 25 23.25 5.20 0.20 0.34 0.39 0.01 0. 08
2" 65.43 29. 05 7.84 0.14 0.25 0.29 0.01 0.12
2 ( )
Table 2 High-silica magnetite concentrates particle size distribution %0
0.150 mm 0.150 ~0.109 mm 0.109 ~0.096 mm 0.096 ~0.074 mm 0.074 ~0.048 mm -0.048 mm
1 2.86 2.97 1.23 5.93 20. 08 66. 93
2* 0.20 0.30 0.10 1.62 28.55 69. 23
1.2
WCT=2C B
1 °
50 mg
5 °C /min
1 000 C 1 000 °C 30
min 0.01 C
TG-DTA TG
DTG
e 1 WCT=2C
50 ¢ Fig. 1 Schematic of WCT2C type microcomputer
4 mL ; 15 g differential thermal balance equipment
10 MPa 10
mm- 20 mm : 105 «C 2
3h 2.1
5 °C/min
Ar(3 L/min) ; 850 C XRD o XRD Ultima IV
(5 L/min) 1.541 8 40 kV 40 mA
30 min; 2°/min Jade
1 300 C 10 min. XRD XRD 2 °
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o 2! Fe,0, 79.2% Fe,0,
o 14.2% SiO, 6.5%
1* XRD-Rietveld
(a) 17 i (b) 2
1—Fe;0,; 2—MgFe,0,; 3—Fe,05; 4—Si0, .
2 XRD

Fig. 2 X-ray diffraction patterns of two kinds of high-silica concentrates

SEM-EDS o EDS
1", 2*
3. 4 o 3. 4
(a) 1% (200 ); (b) 1* (5000 ); (¢ 1* 1 EDS
3 1
Fig. 3 Microstructure images of 1* magnetite concentrates
(a) 2* (500 ); (b) 2* (4000 ); (c) 2* 2 EDS

4 2
Fig.4 Microstructure images of 2* magnetite concentrates
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Table 3 Non-isothermal oxidation characteristic parameters of two high-silica iron ore concentrates

T./C T,_,/C T,_,/C T, 5/C T,_4/C T /C
1 270 324 536 775 — 908
2* 237 310 528 682 802 875
(dw/dt) oo/ (dw!dt) oo/ (dw/dt) 5/ (dw/dt) o_y/  (dw/dt) ./ S, x107"%/
(mgemin™)  (mgrmin™')  (mgemin™)  (mgemin')  (mgemin')  (mg emin2+C )
1 0.009 7 0.012 0 0.013 7 — 0.011 8 2.442 2
2" 0.018 5 0.022 8 0.017 8 0.018 9 0.019 5 9.046 2
TG-DTG 5 o 5 2* o
1* 2" Si0,
1" o 4 . 2f Si0,
237 C 875 C * .
9.046 2; 1* Si0,+ FeO
270 C 908 °C FeO N
2.4422; 2° 1 2* o
1 14.2%
(a) 17 P (b) 2*
1—TG; 2—DTG.
5
Fig.5 Analysis of oxidation properties of two high-silica magnetites concentrates
2.3 TGDTG
1* 6 o
2" 6 ; 1
Si0,
1", 2* . 1", ;1 2° 3:7
2# 251 C

5.1609; 1*.2* 4:6
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Fig. 6 The oxidation properties of two high-silica 2.4
magnetite concentrates under different 7 °
proportioning conditions 7 . 2 100
N/P 1*
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Fig.7 Oxidation roasting performance of two high-silica magnetites concentrates



2021 6

81

2 300 N/P
2#

17 -19

1" Fe, 0,

Fe,0,

o Sio, Fe,0,
1, 2*

1#

(2) 2* 1* 2
237 C

9.046 2; 1

270 C 908 C

2.442 2; 1’

5.160 9 3.671 9,
(3) 1* 2"
1#
1#

l#

1 YELLISHETTY M RANJITH P G THARUMARAJAH A. Iron

ore and steel production trends and material flows in the

10

world: Is this really sustainablé? ] . Resources Conservation

and Recycling. 2010 54( 12) : 1084 - 1094.

M . : 2019.
XU Manxing FENG Gengsheng ZHANG Tiangi et al. Blast
furnace charge progress and pellet ore development M .
Beijing: Metallurgical Industry Press 2019.

C /12006

2006.

YE Kuangwu. The history and prospects of pellet ore develop—
ment C //Proceedings of the 2006°s annual conference on
sintering&pelletizing technology. Hohhot: The information net—
work of national sintering and pelletizing 2006.

J . 2019
17(2):1-4.
WEI Xia WANG Xingliang. Market analysis on pellet ore J .
Mining Engineering 2019 17(2) : 1 -4.
COOKE S R B Ban T E. Microstructures in iron ore pellets

J . Trans AIME 1952 193:1055 ~ 1058.

2011:551 - 555.
LUO Yanhong. A fundamental investigation on magnetite con—
centrate oxidized pellets D . Changsha: Central South Univer—
sity 2011:551 —555.
MONAZAM E R BREAULT R W SIRIWARDANE R et al.
Kinetics of magnetite( Fe;04) oxidation to hematite( Fe, 05)
in air for chemical looping combustion J . Industrial & engi-
neering chemistry research 2014 53(34) : 13320 — 13328.
SANDERS J P GALLAGHER P K. Kinetics of the oxidation of
magnetite using simultaneous TG/DSC J . Journal of thermal
analysis and calorimetry 2003 72(3) : 777 - 789.
GILLOT I A R T. Influence of crystallite size on the oxidation
kinetics of magnetite J . Journal of Solid State Chemistry

1978 25:263 -271.

J. ( ) 2004 35(6):950 -
954.
FU Juying LI Yuntao JIANG Changwei et al. Oxidation ki-
netics of magnetite concentrate pellets J . Journal of Central
South University ( Science and Technology) 2004 35(6):
950 -954.

WANG Y SCHENK J ZHANG J et al. Novel sintering inde—
xes to evaluate and correlate the crystal characteristics and
compressive strength in magnetite pellets J . Powder Technol-

ogy 2020 362:517 —526.
( 88 )



88

46 6

YE Kuangwu. Present situation and prospect of pellet produc—
tion in China J . Sintering and Pelletizing 2003 28( 1) : 1 -
4.

I 2017 47(3) :58 -61.
TANG Qingbo TANG Chao ZHANG Henghao. An improved

accurate circle detection method based on Hough transform

4 . N J . Aeronautical Computing Technique 2017 47(3) : 58 —
J. 2015(9) ;4 -8. 61.
SUN Yanguang. Development roadmap of digital networked 10
and intelligent manufacturing technology for iron and steel J. 2015 38(2):134 —137.
industry J . Metallurgy Management 2015(9) :4 -8. QING Changze LIU Qiong. Image segmentation of pellet ore
5 based on improved watershed algorithm J . Journal of Wuhan
J. 2017 42(2) :25 -30;37. University of Science and Technology 2015 38(2): 134 -
XU Manxing ZHANG Yulan. Analysis of pellet technology and 137.
production of China in 21st century J . Sintering and Pelleti— 11 . Qt QCustomPlot
zing 2017 42(2) : 25 -30;37. J. 2019 (25):54 —55.
6 XU Yao. Qt based on QCustomPlot curve drawing and display
7. 2004 29(2) : 38 - 40. research J . Science & Technology Vision 2019( 25) : 54 —
WEN Chunyou SHAO Zhiyong, A measuring method of pellets 55.
diameter based on digital image processing J . Sintering and 12 AMMAR M K JAGDISH C P.A novel enhanced cuckoo
Pelletizing 2004 29(2) : 38 — 40. search algorithm for contrast enhancement of gray scale images
7 J . Applied Soft Computing Journal 2019 85( 12) : 105749.
7. ( ) 2007(35) : 101 - 102. 13 Hough I
XIA Zhaohong XIE Yuandan MA Yinghai et al. An online 2017(6) : 9 - 10.
measurement method of pellets diameter based on wavelet CUI Yuan. An improved fast algorithm for Hough circle detec—
transform J . Science & Technology Information 2007( 35) : tion J . Electronics World 2017(6) :9 - 10.
101 -102. 14
8 LoG J . 2013 13( 14):
J. 2020 19( 8) :226 —229. 4089 —4093.
SUN Xingxing ZHENG Junshuang CAO Zhiling. Security im— JIAO Shengxi XIAO Dejun KAN Yifan. Research on the ap—
age enhancement based on guided filter and Lo Goperator J . plication of hough transform algorithm in the visual localization
Software Guide 2020 19(8) :226 —229. of center of circle J . Science Technology and Engineering
9 Hough 2013 13( 14) : 4089 —4093.
( 81 )
12 FORSMO S P E HAGGLUND A. Influence of the olivine ad- 2010.
ditive fineness on the oxidation of magnetite pellets ] . Inter— WANG Baohai. Study on thermal analysis kinetic of oxidation
national Journal of Mineral Processing 2003 70 (1 — 4): reaction of magnetite concentrate pellets C //2010 National
109 — 122. Ironmaking Production Technology Conference and Annual
13 WANG Y ZHANG J LIU Z Mineralogical characteristics and Tronmaking Conference. Beijing: Chinese Society of Metals
isothermal oxidation kinetics of ironsand pellets J . Metals 2010.
2019 9(2) : 265. 16
14 FeO J. U ( )

15

2015 37(4):6 7.
LI Ming. Practice of decreasing the FeO content in pellets in
Shougang Jingtang ] . Shandong Metallurgy 2015 37(4):
6-17.
C /72010

2017 38(4):517 —521.

LI Wei FU Guiqin CHU Mansheng et al. Phase transforma—
tion and non-isothermal oxidation kinetics of Hongge vanadi—
um-bearing titanomagnetit J . Journal of Northeastern Univer—

sity( Natural Science) 2017 38(4):517 —521.



