41 2 Vol. 41 No.2
2013 2 Journal of Fuel Chemistry and Technology Feb. 2013

: 02532409( 2013) 02-0157-06

ZR', BAEE, Beei’, B &', ke

(1. 200093; 2. 200245, 3. 200240)
AL O, Fe,0, . X
Al,0, Fe,0, o ( first-principles)
ALO,  Fe,O, N o Al 0, AP
0% Fe,0, Fe'*.0% ; <100 >
Fe-O Al-O Fe,0, i Fe, 0,
1 0641 A

Micromechanism of deposition for initial layer sediments of boiler
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Abstract: The analysis of XRD indicates that slag is similar with minerals in the initial sediments. However
the proportion of bauxite Al,0,; hematite Fe,0; has a big difference. The electric structure elastic constants of
Al,0; and Fe, O, were calculated using the ultra soft pseudo—-potential plane-wave method based on the first—
principles. The results show that from the structure of material the accumulation mode of AI’* and 0> in AL O,
crystal is sparser than that of Fe’* and 0° in Fe,0, which is the reason for their different properties. For their
chemical bonds in the direction of < 100 > and in tangential Fe-O is more easy to deformate and fracture than
Al-O leading to Fe,O, deposition in the clean water wall. For Fe,O, tangential surface plays a key role for its
deposit.
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Table 1 Compositions and X—ay diffraction analysis results of samples

Components w/%

*

Si0,  ALO, Fe,0, Ca0 MgO XRD
Coal dust 45.15  42.08 4.40 2.34 0.50 kaolinite quartz pyrite calcite illite
Fly ash 47.26  42.81 3.63 2.51 0.62 mullite Fe,0; Fe;0,( a little) quartz
Inner deposit 17.61 9.3  67.04 1.95 0.77 mullite Fe,0, Fe,0,
Outer deposit 31.45  19.20 43.17  2.11 0.89 mullite Fe,0; Fe 0, quartz

" the amorphous relative size for three kinds of coal ash: outer deposit >fly ash > inner deposit
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Figure 1 3D-structure of bauxite
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Figure 2 3D-structure of hematite
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Table 2 Optimized crystal cell parameters
Mineral a=>b/nm Exp ¢/nm Exp Vyla.u.’
ALLO, 0.48146  4.75400 (2) " 1.3123 12.99001 (2) " 263.445
Fe,0, 0.516 05 5.03800 (2) * 1.403 00 13.77201 (1) * 323.5753
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AL O, Fe, 0, Figure 3  Electronic structure of bauxite
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Table 3 Elastic constant C;( GPa)
Ch €, €3 €y Gy €y Gy
Al,O; 1162 657 1030 -411 1076 641 252
Fe,0, 1155 1376 599 -150 666 162 -111
w a
’
|
b
Fi 4 Electronic struct f hematit > <0ot>
igure ectronic structure of hematite Figure 5 <001 > of bauxite
3.2
X ' @ Al
o & Fe
N AY _\ ) - \ °(]
° T
b
6 <001 >
Figure 6 <001 > of hematite
Cij = (aTi/aSj)/\Z/\l ( Inj Ag s 7 8 <100 > °
AZ =1\2\3\4\5\6) o
T/\z( )\Z#L) Ti ‘-’a L S
S, o ! > ' a =Y :
, ’g g1 o
Sy, ° A =1.2.3
— — — . @0
a-b.c yA =4, RS |
5\6 bC\Ca\ab ° .
T)\2 A, =1.2.3 T/\2 7 <100 >
be.ca.ab Figure 7 <100 > of bauxite
; A, =4.5.6 T,
2 \.v,‘.\' SR ea
ab.bc.ca o \ , ’
3 C,( GPa) . [l ek
C,-Cy a ¢ “'“; @0
<001 > <100 > '
. 5 6 8 <100 >
Figure 8 <100 > of hematite
<001 > B

9 10 o



2 : 161

CouCao 3
& Al Al O, Fe, O,
Fe-O Al-O
@ Fe R
Fe-O Al-O
@0 . Fe,0,
Fe,0, o
4
Fe, 05+ Al 0,
@ Al Al O,
AIPTL 0™ Fe,0, Fe'*.0”
@ Fe o
Fe,0,.Al, 0,
®o <100 >
X Fe-O Al-O
Co'—amb
Fe, O, o
. 10 S . Fe,0;
Figure 10 Tangential direction of hematite
3 <001 > Al 0, Fe, O, Fe,0,
o <100 >
Al 0, Fe, 0, .
Fe-O Al-0 o
J. 2002 23(2): 203205.

( XU Zhi-ming YANG Shan+ang WANG Jian-guo SUN Lingfang GAN Yun-hua. Experimental inverstigation on the fouling characteristics
of tube heat exchanger J . Journal of Engineering Thermophysics 2002 23(2): 203205.)
BRYERS R W . The physical and chemical characteristics of Pyrite and their influences on fireside problems in steam generators J . J Eng
Power Trans ASME 1976 98(4): 517-527.
SRINIVASACHAR S BONI A A KINETIC A. Model for pyrite transformations in a combustion environment J . Fuel 1989 68(7): 829-
836.
ERICKSON T A ALLAN S E MCCOLLOR D P HURLEYJ P SRINIVASACHAR S KANG S G BAKER J E MORGAN M E
JOHNSON S A BORIO R. Modeling of fouling and slagging in coal-fired utility boilers J . Fuel Process Technol 1995 44(1/3): 155-
171.
] 2010

31(9) : 15904594.
(WU Xiaogiang ZHANG Zhong=iao ZHOU Tuo CHEN Yu-shuang CHEN Guo-yan LU Cheng HUANG Feng-bao. Ash fusion
characteristics and mineral evolvement of blended ash under gasification condition J . Journal of Combustion Science and Technology 2010
31(9) : 15904594.)
WANG H HABR J N. Modeling of ash deposition in large-scale combustion facilities burning pulverized coal J . Prog Energy Combust Sci
1997 23(3): 267-282.

FeS, J. 1999 5(3):
246-250.
( SHENG Chang-dong HUA Yong-ming ZHOU Qiang-ai XIONG Fei YAO Hong ZHANG Jun. Investigation of the roles of FeS, and
iron bearing clay minerals in Pingshuo coal during slagging deposition of pulverized coal fired boiler J . Journal of Combustion Science and

Technology 1999 5(3): 246-250.)

2011 32(8): 1425-4429.
(WU XiaoJiang ZHANG ZhongXiao XU Xue-Yuan ZHANG Jian-Wen LIU JianBin LIU Gong-Quan ZHOU Tuo CHEN Yu-
Shuang. The effect of iron-bearing minerals on coal ash melting behavior J . Journal of Engineering Thermophysics 2011 32(8): 1425-
1429.)



162 41

9 . Sn0, J. 2009 25(2): 278-284.
(DU Ye-ping CHEN Jing—chao FENG Jing. Mechanical properties and electronic structures of various SnO, crystal structures J . Acta
Physico-Chimica Sinica 2009 25(2): 278284.)

10 . J. 2003 54(4): 477-488.
(WANG Baojun ZHANG Yu-gui XIE Ke-chang. Application of quantum chemistry calculation to investigation on caal structure and
reactivity J . Journal of Chemical Industry and Engineering( China) 2003 54(4): 477-488.)

11 . J. 2008 36(5): 519-523.
(LI Jie DU Meidfang YAN Bo ZHANG Zhong—=iao. Quantum and experimental study on coal ash fusion with borax fluxing agent J .
Journal of Fuel Chemistry and Technology 2008 36(5): 519-523.)

12 . J. 2009 37(5): 521-
526.
(CHEN Yu-shuang ZHANG Zhong=xiao WU Xiao-iang LI Jie GUAN Rong-qing YAN Bo. Quantum chemistry calculation and
experimental study on coal ash fusion characteristics of blend coal J . Journal of Fuel Chemistry and Technology 2009 37(5): 521-526.)

13 PERDEW J P JACKSON K A PEDERSON M R SINGH D J FIOLHAIS C. Atoms molecules solids and surfaces: Applications of the
generalized gradient approximation for exchange and correlation J . Phys Rev B 1992 46( 11) : 6671-6687.

14 SEGALL M D LINDAN P J D PROBERT M J . Firstprinciples simulation: ideas illustrations and the CASTEP code J . J Phys:
Condens Matter 2002 14( 11): 27172744.

15  VANDERBILT D. Soft self—consistent pseudopotentials in a generalized eigenvalue formalism J . Phys Rev B 1990 41( 11): 78925895.

16  FISCHER T H ALMLOF J A. General methods for geometry and wave function optimization J . J Phys Chem 1992 96(24): 9768-
9774.

17 ISHIZAWA N MIYATA T MINATO I MARUMO F IWAI S. A structural investigation of ALPHA-AL,O; at 2170K ] . Acta
Crystallogr B 1980 36(2) : 228-230.

18 BLAKE R L. HESSEVICK R E ZOLTAIT FINGER L. W. Refinement of the hematite structure J . Am Mineral 1966 51(1): 123-
129.



