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Abstract: Fe,0; is a kind of pulverized coal combustion improver suitable for blast furnace. TG-DSC a-
nalysis is employed to study the combustion mechanism and the result shows that FeCO-R weakens
bridged bond of carbon structural units and changes crystal structures resulting in lowered activation en—
ergy of the pulverized coal and accelerated combustion. Combustion conditions of the blast furnace are
simulated and then unburned coal are collected and analyzed by XRD and SEM. The results show that
with the addition of the combustion improver Fe,O; microcrystal parameters of the unburned coal in—
crease and height and diameter of aromatic lamella increase by 0.001 1 nm and 0.001 2 nm respective—
ly; particles size of the unburned coal powder decreases by 3.48 wm with irregular morphological appear—
ances.

Key words: blast furnace pulverized coal injection combustion improver microcrystal parameter average

grain diameter

12012 - 12 - 12
(50774028 51174074) ; ( E2011209022) .
(1985 -) .



* 44 . 2013 34
O o
1 °
mRAE e
!nﬂ'“’}(’(ﬂi —— 4 R
: RN,  doged
ST, IR
o Fe,0, { I R
-t "
Fe203 [N T_‘?’ WHI RS
o r“f:‘ TT a=¥" « N7
Fe, 0, eR ]
1-4 _ 1
Fe,0, TG  DTA Fig. 1 Structure diagram of coal combustion furnace
Fe,0, o
XRD., SEM N 2
Fe,0,
2.1 Fe,0,
NESZCH STA409C
1 (TG) -  (DTA) TG .DTA
Fe,0, ° Fe, 0,
_ TG .DTA 2.3 DTA
4:6 1. 2,
Fe, 0, (>98.00%) " K 544 C v
0.074mm 70%. 99¢g % 3 g0
oo
1 g Fe,0, ® 33 Pt -82.90 % g s
105 C 1 h, 2 0 43
50 1: 5663 C -
1 40 #{ii: 7.8 € LR o E
. . . 30 ¥{l: 682.3 C 40
Table 1 Proximate and ultimate analysis 2 7
of coal sample % 00 w0 e o 1200
7/°C
FCad Aad Vad Mad Cad Had Nad Oad Sad [zf—] 2 Eﬁ*ﬁ}ﬂq;l{ih‘ wg‘lﬁﬁ]‘_nﬁ%&
55.07 10.92 28.48 5.53 60.46 4.72 1.12 14.96 0.40 Fig. 9 DFA a6d TC enrves of raw coal
77.54 11.73 9.91 0.82 78.91 3.66 0.80 3.65 0.43 :
Fif AT ANAY Ll )
-1 .
27,
8 3 F
o 40 g '_K\e 4 :>1
0.5~0.8 m*/h 0.8 Y
R 6 &
~1.0 m’ /h, 15 min 3 /A

2 40 60 80 100 120
/8]
3 Fe, 0, N
Fig. 3 DTA and TG curves of coal added with Fe, 0,



5 : Fe, 0, e 45
2 DTA o Fe, 0,
Table 2 Feature points of DTA curves of samples
! 2 Fe,0,
/°C /°C /C
566.3 682.3 777.8
Fe, 0, 564.5 672.2 767.0 °
2.2 XRD
2 Fe,0, X
( ) XRD
1.8 C; ( ) 2~3 (002) ( 100)
( ) - (002) 26 23.5°
10.1C 10.8 C. 25. 8°
( L.) - (100) ( 100)
Fe 101 20 43.0°
46. 0° ( L)
L L (4) .(5)
(1) Scherrer 6-10
~ (3) ° KA
Fe + R —CO =FeCO - R (1) L, :B( 002) cosf( 002) (4)
2FeCO -R + 0, =2Fe +2CO, + 2R - (2) K\
C+0, =C0, (3) L, ~ B(100) cos6( 100) (5)
FeCO - R A—X (0. 154 178 nm;
6—Bragg ;
B— (002)  (100) ;
K, =0.94 K, =1.84 ,
Fe, O, 1
o TG XRD 4.5
3, 4 .
3 TG 4.5 4 Fe, 0,
Table 3 Feature points of TG curves of samples XRD (002) ( 100)
/c Ic ) Fe,0, I
594.4 1287.3
Fe,0, 571.7 1255.4 1.234 8 nm 0.001 1 nm;
L, Fe,0, 2.516 5 nm
3 Fe, 0, 2.517 7 nm 0.001 2 nm,
22.7 C Fe, 0, FeCO - R (
31.9 C. (1) ~ (3) )
( 10 ms FeCO - R Fe'
7) Fe,0,
CO. CO, .
° FeCO - R
692.9 C Fe,0,

683.7 C;



0460

2500

RIHERAL

1500

1000 |-

20/C* )

B4 JEBERMBOR H) XRD 1
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Table 4 Microcrystal parameters of unburned coal
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Fig. 6 SEM pattern of unburned raw coal

100 1 m

B 7 BN Fe,0, REAMEHH SEM B
Fig. 7 SEM pattern of unburned coal added with Fe,0,

6. 7 Fe, 0,
2.60 pm
6. 08 pwm
3.48 pmo Fe,0,
o Fe, 0,
( )
Fe, O,



5 : Fe, 0, e 47

10

11

12

1) Fe, 0,
Fe, 0, FeCO - R
2) Fe, 0,
N N 0.001 1 nm 0.001 2 nm,
1n-12 3) Fe, 0,
Fe,0, 3.48 um °

Chung J K and Hur N S. Tuyere level coke characteristics in blast furnace with pulverized coal injection J . ISIJ International
1997 37(2) :119 - 125.
Morimasa I Tsuyoshi T Fumio K. Behavior of pulverized coal ash and physical property of dripping slag under high pulverized
coal injection operation J . ISIJ International 2001 41( 6) :325 —332.
Indronil S Muthukuma K M. Blast furnace efficiency enhancer for pulverized coal injection J . Iron and Steel Engineer 2000
77(4) :61 -62.
Gong Xuzhong Guo Zhancheng Wang Zhi. Experimental study on mechanism of lowering ignition temperature of anthracite com—
bustion catalyzed by Fe,0; J . CIESC Journal 2009 60 (7):1707 - 1713.
( . Fe,0, J. 2009 60 (7): 1707 -1713.)
Shen Yishen Yang Tianjun Fan Guanggian et al. Research and development on oxy — coal burner J . Iron and Steel 1991
26 (1):11 -15.
( . J. 1991 26(1):11 -15.)
Lu L. Quantitative X - ray diffraction analysis and its application to various coals J . Carbon 2001 39:1821 —1833.
Van Heek K H Hodek W. Structure and pyrolysis behavior of different coals and relevant model substances J . Fuel 1994 73
(6) :886 —896.
He Xinjie Zhang Jianliang Qi Chenglin. Kinetic analysis and effect of catalysts on combustion J . Iron and Steel 2012 47
(7):74 =79.
( . I 2012 47(7):74 -179.)
Thoms P E Phillip F B Buchanan A C. Does decarboxylation lead to cross — linking in low —rank coals J . Energy & Fuels
1996 10(6) : 1257 - 1261.)
Nomura S and Thomas K M. Fundamental aspects of coal structural changes in the thermoplastic phase J . Fuel 1998 77
(8):829 -836.
Gong Xuzhong Guo Zhancheng. Effect of K,CO, and Fe,O; on combustion reactivity of pulverized coal by thermogravimetry a—
nalysis J . Journal of Fuel Chemistry and Technology 2009 37 (1) :42 —47.
( . K,CO; Fe,0, J. 2009 37 (1) :42-47.)
Takanohashi T Terao Y lino M. Irreversible structural changes in coals during heating J . Energy Fuels 1999 13:506 —
512.



