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Interaction Behavior of Periclase—Hercynite Material with Cement Clinker

LIU Yuchi, YIN Hongfeng, XIN Yalou, TANG Yun, ZUO Bin, YUAN Hudie
(College of Materials Science and Engineering, Xi’an University of Architecture & Technology, Xi’an 710055, China)

Abstract: Periclase-hercynite refractories are used in the firing zone of the cement rotary kiln, which is inextricably linked to their
reaction behavior with cement clinker at high temperatures. In this paper, the corrosion behavior of magnesia aggregate and hercynite
aggregate as well as periclase-hercynite refractory with cement clinker at high temperatures was investigated by scanning electron
microscopy, X-ray diffraction, and Factsage simulation, respectively. The results show that magnesia particles have a superior
corrosion-resistance to cement clinker, and the reaction of hercynite with cement clinker produces massive high-temperature liquid
phase, which is gradually corroded. The periclase phase and hercynite particles have a synergistic effect on resisting the cement
clinker corrosion in periclase—hercynite bricks at high temperatures. The periclase matrix as a major crystalline phase reacts with
cement to generate a high melting point phase, forming a skeletal structure in the grain boundary phase, improving the grain
boundary phase’s high-temperature viscosity, and promoting the combination of clinker and refractory. Also, ion exchange between
hercynite and magnesia promotes the combination of hercynite and matrix, while inhibiting the formation of low melting point
feldspar phases at high temperatures. Furthermore, the high-temperature stability of hercynite is improved, which benefits the kiln
coating stability when using the refractory in the firing zone.

Keywords: periclase-hercynite refractory; corrosion resistance; cement clinker; kiln coating
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Table 1 Performance index of periclase-hercynite brick

w/% . Bulk density/  Cold crushing strength/ 5 Thermal conductivity/
Brand - Apparent porosity/% A S RUL/C o
MgO SO, Fe,05 (g-cm™) (N-mm™) (W-m™—K™)
RTMFe-80A =850 <15 5080 18.0 3.0 50.0 1650 2.6
w—Mass fraction.
#2 FTRARBHECFERFIEER
Table 2 Chemical composition and phase composition of the used raw materials
. w/% .
Raw materia - Main phase
SO, Al,O;  NaO Ca0 Fe,Og MgO K20 lol
Magnesia 1.76 0.44 1.92 0.87 95.01 Periclase
Hercynite 3.72 44.63 0.60 0.18 49.91 0.28 Hercynite
Cement raw material 12.96 3.23 0.29 42.09 2.31 2.64 0.51 35.97 Calcite, Quartz, Dolomite, Hematite, Kaolinite
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(b) After corrosion for 1 h
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(c) After corrosion for 6 h
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Fig. 1 Photos of refractory aggregates before and after corrosion
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Fig. 2 XRD results of cement clinker and magnesia particles
after corrosion
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(b) SEM photograph for low magification
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(c) SEM photograph for interface area
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(c) EDS spectraof Fig. 3(b)
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Fig. 3 SEM photograph and EDS results of magnesia particles
after corrosion for 1h
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Table 3 EDS spectra of points A-E in Fig. 3(b) w/%

Points (0] Mg Al Si Ca Fe 250 pm
A 38.0 0.7 0.7 11.6 49.0 —
B 331 1.8 124 1.2 317 19.8 (d) EDS spectraof Fig. 4(a)
c  ®s 8 17 %1 68 4 BERVIBRLAL G 6h I 1) SEM BT K fiE 4 R
D 323 137 10 324 206 Fig. 4 SEM photographs and EDS spectra of magnesia
E 36.8 63.2

particles after corrosion for 6h
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Table 4 EDS spectra of points F-J in Fig. 4(c) w/%

Point (0] Mg Al Si Ca Fe
F 36.1 63.9
G 374 0.8 0.7 11.8 48.4 10
H 345 0.8 139 16 36.5 12.7
| 318 13 8.1 38 323 22.8
J 37.1 62.9
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Fig.5 XRD results of hercynite particles after corrosion
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Fig. 6 SEM photographs of hercynite particles after corrosion
for 1h
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(c) EDS spectraof Fig. 7(a)
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Fig. 7 SEM photograph and EDS spectra of hercynite particles
after corrosion for 6h
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Table 5 EDS spectrum of points K-Sin Fig. 6  w/%

Point (0] Mg Al Si Ca Fe
K 278 7.7 64.5
L 39.2 474 13.4
M 375 35.1 4.9 222
N 324 12 17.8 24 8.8 375
(¢} 34.1 13.4 233 12 28.8
P 30.6 13 13.8 0.4 8.2 45.7
Q 38.3 18.3 9.9 259 7.6
R 39.3 34.9 0.3 13.4 12.0
S 29.3 0.7 6.7 8.8 54.4
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Fig. 8 XRD patterns of the periclase-hercynite refractory
before and after corrosion for 6h
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Table 6 EDS spectra of points T-Z in Fig. 9(d)  w/%
Points o Mg Al Si Ca Fe
T 40.7 17.4 34.3 7.6
u 39.7 17.1 321 111
\ 40.6 15.7 437
W 383 16.1 273 0.5 17.8
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(b) Viscosity simulation of the system
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Fig. 10 Effect of refractory materia content on the liquid
content and viscosity of the system

(d) SEM photograph for high magnification
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Fig. 9 SEM and EDS results of the MgO—FeAl,O, refractory Table 7 Theoretical initial component content of the
before and after corrosion for 6 h corrosion sample w/%
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