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Evaluation of Gas Turbine Materials for Low BTU Coal Gasification

Generation

Toshiharu KoBaYASHI, Takashi ARAl, Takehiko ITAGAKI and Michio YAMAZAKI

Synopsis : ‘

The low BTU coal gasification-complex generation technique was the national project in Japan. In the
project, selection of materials for the gas turbine was done. Coal gas which was supplied by gasifier of
Coal Mining Research Centre was cleaned up, and then exposure of samples was done under combusting
condition close to actual apparatus gas. Specimens of commercial superalloys which were diffusion-coated
by aluminium or chromium were evaluated by appearance and by weight change after exposure. Maximum
weight loss at 1 000 h was very small to be 11 mg/ cm?.  But, under certain circumstances, weight loss of
base alloys was considerably larger than coated samples. Therefore, the effectiveness of diffusion coating
was recognized. The combution gas was found to be oxidative, because of formation of oxide scale. Sulfur
was detected in a scale formed in both dry and wet cleaning methods of gas, and alkali metals were also de-
tected in a scale formed in dry-cleaned gas. It was shown that there was influence of sulpheric corrosion
on high temperature oxidation. If present samples are evaluated by estimating maximum scaling loss at
10 000 h, there will be no problems from a view point of material deterioration.

Key words : low BTU coal gasification ; materials for the gas turbine; commercial superalloy ; diffusion-
coating by Al and Cr; Maximum weight loss ; cleaning methods of gas; sulpheric corrosion; high tempera-

ture oxidation.
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Table 3. Methods of diffusion coating.

Table 1. Specimens and their simplified signs. Treatment materials(% ) Condition
— —— 91 powdcller %gg Gas velocity : 3 1/min
pecimen implified sign A e powder .
Aluminizing ALO3 powder 48.5 | 1100°C-4h in Hp with
IN939C- Aluminized IN-Al NH4Cl 3.0 | purity of 99.99%
MarM247- Aluminized MM-AIl
lI_i:lz](?»gg_,CAiAlumini;ed hc-gl gr powger 34 %
- Aluminize A-Al . s e powder 4. .
IN617- Aluminized 16-Al Chromizing ALO;3 powder 485 Ditto
IN617-Chromized 16-Cr NH,ClI 3.0
Table 2. Chemical compositions of base alloys (wt% ).
C Cr Ni Co Mo w Nb Ta Hf Ti Al B Zr Fe La
IN-939C 0.15 22.4  Bal. 19.0 — 2.0 1.0 1.4 3.7 1.9 0.009 0.1 — —
Mar-M247 0.15 8.3 Bal. 10.0 0.7 10.0 0.1 3.0 1.5 1.0 5.5 0.015 0.05 — —
IN-738L.C 0.17 16.0 Bal. - 8.5 1.8 2.6 0.9 1.8 — 3.4 3.4 0.01 0.01 0.05 —
HA-188 0.08 22.0 22.0 Ba. —  14.0 = — — — = = 0.08
IN-617 0.07 22.0 Bal. 12.5 9.0 — — — — — 1.0 — — — —
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a) As-exposed b) As-descaled
Photo. 1. Appearances of as-exposed and as-
descaled specimens exposed for 1000h at 700°C-
3 m/s zone.
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Fig. 1.

Weight loss of coated specimens exposed in wet-cleaned up gas.
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Fig. 2. Weight loss of coated specimens exposed in dry-cleaned up gas.
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Fig. 3. Weight loss of base alloys exposed in wet-cleaned up gas.
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Fig. 4. Weight loss of base alloys exposed in dry-cleaned up gas.
Coating layer Base

| Supface

a) IN939C-Al b) MarM247-Al ¢) IN738L.C-Al d) HA188-Al e) IN617-Al f) IN617-Cr
Photo. 2. Photomicrographs of coated specimens exposed for 1000 h at 900°C-100m/s zone
in dry-cleaned up gas.
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Fig. 5. Locations observed by an optical micro-
scope and EPMA. AV EREOFATHIRE L, E—L2EBEI DL

— 154 —



ooy —RRFACRERT X5 — o HEOFM 961

Photo. 3. EPMA characteristic X-ray images of IN738L.C-Al exposed at 700°C-3m/s zone in dry-

cleaned up gas.

Photo. 4. EPMA characteristic X-ray images of MarM247-Al exposed for 1000 h at 900°C-
100 m/s zone in dry-cleaned up gas.
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Photo. 5. EPMA characteristic X-ray images of IN617-Cr exposed for 1 000 h at 700°C-100 m/s
zone in wet-cleaned up gas.
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Fig. 6. Maximum scaling loss at 1 X 10* h.
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