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Preparation and Combustion Characteristics of Cordierite Coated
SiC Reticulated Porous Ceramics
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(1. Wuhan University of Science and Technology, The State Key Laboratory of Refractories and Metallurgy, Wuhan 430081, China;
2. Wuhan University of Science and Technology, National-provincial Joint Engineering Research Center of High Temperature
Materials and Lining Technology, Wuhan 430081, China; 3. State Key Laboratory of Material Processing and Die & Mould
Technology, School of Materials Science and Engineering, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: To solve the problems of thermal shock resistance and radiation efficiency attenuation due to the high-temperature
oxidation of silicon carbide porous ceramics used in high-temperature combustion of porous media, a silicon carbide billet was
prepared by an organic foam impregnation method. Also, porous silicon carbide ceramics containing cordierite infrared radiation
coating were fabricated on the surface of silicon carbide skeleton via in-situ reaction sintering. The results show that the vacuum
impregnation slurry can coat the skeleton surface and completely fill up the triangular holes of the silicon carbide skeleton. The
three-layered porous silicon carbide ceramics with a cordierite coating, the central layer of the silicon carbide skeleton and the
cordierite filling layer were prepared by sintering at 1 350 ‘C. The mechanical properties, thermal shock resistance and
high-temperature wet oxidation resistance of porous silicon carbide ceramics are improved due to the formation of the three-layered
structure. The compressive strength of porous silicon carbide ceramics is 1.18 MPa after heat-treatment at 1 350 °C, and the residual
strength retention rate is 67%. According to the results of porous media combustion experiments, the three-layered structure of silicon
carbide porous ceramic with a surface reinforcement by cordierite infrared radiation coating can reinforce silicon carbide porous
media burner radiation heat transfer process and increase the combustion efficiency, thus increasing the burner surface temperature by
140 “C and reducing the emissions of CO and NO; pollutants in the burner.
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Table 1 Physical properties of SiC porous ceramics treated at different temperatures before and after vacuum impregnation

Hang pulp quantity/g pl(grem™) OCS/MPa
Temperature/ 'C
Before After Before After Before After

1200 17.43+0.44 17.92+0.54 0.34+0.01 0.51+0.02 0.18+0.02 0.41+0.06

1300 17.55+0.61 18.04+0.90 0.34+0.01 0.56.£0.03 0.19+0.03 0.57+0.06

1350 17.99+0.58 17.72+0.24 0.35+0.01 0.54+0.03 0.20+0.06 1.18+0.19

1400 17.50+0.62 18.33+0.58 0.36+0.02 0.59+0.01 0.21£0.01 0.47+0.07

p is density; OCS—Cold compressive strength.
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Fig. 1 OCS and its residual strength ratio of SiC porous ceramics
before and after thermal shock
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Fig. 2 OCS and its residual strength ratio of SiC porous ceramics
before and after thermal shock with vacuum infiltration
cordierite slurry
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(d) Surface strut with vacuum infiltration
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Fig. 3 XRD pattern of SiC porous ceramics before and after
vacuum impregnation of cordierite slurry and
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Fig. 4 SEM micrographs of cross -sections and surface in the strut of SiC porous ceramics before and after vacuum impregnation
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Fig. 5 SEM micrographs of after thermal shock cross-sections and surface in the strut of SiC porous ceramics before and after

vacuum impregnation
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(a) Fracture face of strut (b) Fracture face of strut with
vacuum infiltration
'0 .

A\

(e) Fracture face of strut

(f) Fracture face of strut

(d) Strut surface with

vacuum infiltration

(g) Strut surface
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Fig. 6 SEM micrographs of cross-sections and surface in the strut of SiC porous ceramics oxidized by air—water vapor at 1350 C

for 10 h before and after vacuum impregnation

2.5 BRIGHRM

R OB 22 FLIBR S 1 FL AT 2 ARl Ak i e
FEMERIZm, SR 2 LA R be T & VR IR A0 R
Z AN R R R B 1, MR R A EEW S
PR ARG TR DL BUR X ARG . 4 i
K B A RN B R R AR 2 AL B E A
PREEZR IR X, RN E AR 22 mm. 5 25 mm
OB . F2 i PR AR BN 0.3 NL/min, 25 S &
N 6~10NL/min; 4RGeS A2 BRBEIT, 250l 2
TR bea 1R BE 43 A LA S8 57 o

R 2 ONEAIREHTEBALEEZ LA R R A
AR B3R 2 AT LR, Bk e LA 1
S8 P RS A3 B K o T b 2 FL A Ak
HEZALIE, BRBERINIESR s+ co HltE A
518.62 mg/m’, NO, HEf & 19.18 mg/m®, IR
N 437.7 C; BlEFE AR T S FLE R T R
AERE, BB rHAH co. NO, HEBERFIE N
416.3 mg/m® M1 3.76 mg/m’, [N, MWSIEETFE
527.6 C. 54b, TERRRARIIRE A0 L, HARGT

B A ROR e 3 TR A e 4 1 2 THD UL P R R AR IR
FE(E 7)o LABRACEE 2 FLI BN/ TR RLES , Bhbeds
(A0 T e sl P8 5 3R T e v L FE 40 il 9 561.2 “C
848.3 C. TMXIRAKEZ FLI & R TR BT E H A K
BE, BRSBTS R TR AR B S, &
RSy I N A 660.9 “C A1 980.1 C. H AR
B A ORI AL RE 2 FL B S 1 3R TR A B
#5],
2.6 Tig

WA 2 fLM S TEIR 0 S A R AT 5 1
PERES PUAGE M5B RRE 5 B A R L 9 1 2 il 4
FIEDIR R . 5Bk 2 LM & WA 5 A ss
Ak, B8 Nl EEZ EFLH AR . X R
RN RACEESR R, 4B AR FRRR 25 I 4ASAR 1)
IS, TERRACEE 2 LI & P9 T A = A LI
B 4a). BT IRABSTE =il AR S AR
IR, SR A L R T AR SR T B
ML 4b). MEBETRES AR, ik
AT 24 P 0 S T T RN, R AR R T R

®2 ARENEMEHESED SR

Table 2 Analysis of flue gas composition of different media materials

Porous media material p(Oz)/(mg~m’3) p(CO)/(mgm’3 )

p(NO)/(mg'm™)

p(NO,)/(mg'm™)  p(NO,)/(mg-m) Flue gas temperature/'C

SiC porous ceramics 10.35 518.6 12.24

SiC porous ceramics 10.18 416.3

-cordierite coating

3.76 19.18 437.7
0.38 3.76 527.6
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(c) Whole after vacuum impregnation
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Fig. 7 SiC porous ceramics infrared thermal image of the whole and surface during stable combustion before and after vacuum

impregnation
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Fig. 8 Schematic diagram of three-layered structs for preparing SiC porous ceramics based on vacuum impregnation technology
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Table 3 Physical performance parameters of SiC slurry
and cordierite impregnated slurry after fired at

1350 °C
Specimen E/GPa ax10%/K™" Poisson’s ratio
SiC 33.96 5.24 0.27
Cordierite 11.19 2.42 0.27

0, is tangential stress; o, is radial stress.
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Fig. 9 Residual stress distribution between layers of three-
layered structs
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