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Investigation of Corrosion Mechanism by Analyses of Spent Chromia

Refractory from a Coal Gasifier
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Abstract — Spent refractories from a coal gasifier after 1000 hours of operation were analyzed for crystalline
phases, chemical composition and microstructures as a function of slag penetration depth, and the slag corro-
sion mechanism was determined. The chemical corrosion of chromia refractory occurred via reaction between
Cr,0; of the refractory and FeO and ALQ; in the slag. The FeO reacted with Cr,O, at the slag/refractory inter-
face and formed FeCr,O,. After all FeO were consumed, Al in the penetrating slag substituted Cr in Cr,O;,
forming (ALCr),0, at the edges of the particle, which were broken to form fragments rich in Al The corro-
sion resistance of Cr,O; varied with the particle size and the extent of sintering, and the higher resistance was
observed in the larger and more sintered particles. There was no chemical change in ZrO,, but showed the
effects of physical corrosion: the grain boundaries became more wavy, and ZrO, grains were split in the cor-
roded area. The slag penetration depth increased in the refractory samples farther down from the feed nozzles.
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Fig. 1. Refractory structure of the 3ton/day IAE
gasifier.
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Table 1. Composition of chromia refractory used in this study.

Composition Na,O MgO ALO, SiO, K,0 Ca0 Cr,0, Fe,0O, ZrO, TiO, SUM
Manufacturer - - 17 8 60 04 12 0.8 98.2
This Study* 1 04 24.6 8.3 0.03 1.8 52.7 0.7 9.4 1.0 100

*Analysis by XRF.
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Fig. 2. SEM micrographs of raw chromia refractory sample.
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Fig. 3. XRD spectra of refractory sample D40.
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Fig. 4. SEM micrographs of sample B40, depth 10~65 mm from the slag face.

2 gt FEE ) vYeRR) gske 9 Wiz A
Z3} fARRE 27} v] gdsh velste

= A2 Zala wWellA 20~42 mme| AlE2 A
Zo] 22 mmZ. Cr,0, 45~62%, ALO; 17~23%, ZrO,
6~20%2] A8 EEZ 73 93i}. Fig. 4(cre €32
ol A 31~33 mm Y 0E AGHE 7]Fo] gAY
3 2A% Cr,0, B9 23 7]Fo] W2 Cr,0, 4
A, codge 3 B3t 7:0, AR, JJ5FE Cr,0:+ALO,
ARE, 7FE o172 vlg wiAE] SiO+ALOSHCA
Aol IAFC}. Fig. 4(dy= ZiL HolA 20mm 2
o]z 20~22 mm °JY L E Fig. 4(c)®} FAIRF 725
3 gdeth. 71Ee] g1 XU A" Cr,o(AaxA),
7)%e) ¥R 2L Cr,0, YAE A F9®BAA)e]
B e 3N £43 710, o1 FF CrO+ALO; 4,
ulet w7 Si0+ALOYYe] BAFRH. o] ZHeolel
A= o] Jale] ofike] AAFR] dgkor] WA
AR A WEE AES AR vl T2 ) FUEHA
=g

A A2 £ HollA 10~20 mm $1=]] AAZ
o] 10mmE- oF 2.2 mm ZH o2 o] ¥HE 43
s19le}. Fig. 4(eys ol wellAl 18-20mm 3§ o
AL 7] gx AYsl AAE Cr0, BYSS
A3 7130] B Cr,0,, CollM= 31 $9H3 Zr0,, o
E9 Cr,0,+ALO, UAFE, 7 o] g vlet wiAme)
SiO+ALO, Aol FAE T} T8u} Fig. 4(e)2] B3
& 2500 EeliEled [Fig. 4(f)] ¥A3FA ¥ micrographs
2je] 2}elZ B 4 gloh & APl Bele A9YE Cr0,
2] o] ¥& Yol 1, 2+ AAFUE Holx BY
92 Cr,0-ALOSE FAEe] Qle}. o] F-g- wietme]
C= EDX EAZAF Ca0-ALO:-Si0S T3 9t
Silicate AF2] CaO EA) 2 v]Fo] Ro} F 2cm HE7}
A gt A Zles =2l

Fig. 5= B40°] mpA2}t A8l slag AEH £ A
o] 10 mmE AL A3t micrographs® F4] F¢
TS BedFT}, Fig. 5(a)= S22 HollA 9~10 mm
2 A AR §ixk2 FAE Crrich (CrADO; o

Energy Engg. J (2004), Vol. 13(4)



286 288 .

GL1017 18KV

(d) 5-6mm region

(e) Cry04-Al:03 particles

811017 18ky  Xi “3fum

(f) Sintered Crs0s

Fig. 5. SEM micrographs of sample B40, depth 5~9 mm from the slag face.
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Fig. 6. SEM micrographs of ZrQ, containing area.
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(d) Magnified B of (¢)

(e) A50

(f) Magnified A of (e)

Fig. 8. SEM micrographs of slag face of D35 (a, b), Slag tap (c, d), and AS50 (e, f) samples.
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Table 2. Composition changes of A50 sample determined by XRF analysis.

710, MgO MnO Na,O K,0 TiO,

9.19 1.48 0.07 1.04 0.21 0.69
10.65 0.36 0.06 1.44 0.18 0.85
13.75 0.52 0.06 1.52 0.08 0.70

9.41 0.34 0.05 1.07 0.04 0.88
11.40 033 0.05 1.13 0.03 0.80
10.01 0.30 0.05 0.75 0.03 0.92

Depth Si0, ALO, Fe,0, Ca0 Cr,0,
0~1cm 13.3 21.55 4.51 3.60 44.35
1~2cm 12.3 23.86 1.02 2.82 46.49
2~3 cm 13.75 26.97 1.07 3.40 38.17
3~4cm 1042 2340 0.84 2.69 50.87
4~5cm 878 2599 0.80 2.30 48.39
5~6 cm 784 2397 0.69 2.20 53.23
Unused 8.31 24.61 0.72 1.79 52.73

9.42 0.32 0.07 1.00 0.03 1.00

Table 3. Comparison of slag penetration depth (cm)
determined from XRD, SEM/EDX, XRF analyses.

Sample D35 B40 D40 AS0 D50 Slag Tap

XRD 1 1 2 3 4 3
SEM/EDX 1~2 2 3~4 3 5~6 2~3
XRF -2 1~2 3-4 4 3-4 1-2
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