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Abstract Recently, the operating conditions of the various mechanical structures have become more severe and the
running time has become longer as the development of plant equipment increases with the introduction of high
technology. Thus, the reliability of the system and its accessories is becoming a problem. Normally, synthetic natural
gas (SNG) plants use 1.25Cr-0.5Mo or 2.25Cr-1Mo heat resistant steel according to the operating conditions. In this
study, a lab-scale reactor was set up using 1.25Cr-0.5Mo steel, in order to carry out corrosion tests for producing
synthetic natural gas. The corrosive characteristics were investigated under 1st-methanator operating conditions and
fundamental data about the durability and reliability were obtained by using the experimental test. The analysis of
results obtained on the durability of the reactor under emission and injection compositions showed that the hydrogen
embrittlement caused by hydrogen and the oxidation corrosion caused by H20 had the most effect on the durability
of 1.25Cr-0.5Mo steel in the SNG reactor. However, the hydrogen embrittlement and oxidation corrosion occurred
simultaneously under emission conditions, so that the corrosion of the material increased suddenly after a long
operating time. Besides, the corrosion of the 1.25Cr-0.5Mo steel under the injection composition was faster than that
under the emission composition.
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Characteristic
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Do not commercialization process
Do not commercialization process

The commercialization process

Main response
CH4 + H,O
Main response

CH4
Main response

CH,; + COz

Process
for producing

process for producing
(Hydromethanation)

Gasification based process
Hydrogasification based
Catalyst gasification based
process for producing

Table 1. Synthetic natural gas process
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Fig. 1. Schematics of the experimental setup
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Table 2. Chemical composition of a 1.25Cr-0.5Mo
steel(wt.%)

1.25Cr-0.5Mo(A387 Grade 11)
C Si Mn P S Cr Mo
0.05~0.17]0.50~0.80{0.40~0.65| 0.035 | 0.035 |1.00~1.50| 0.45~0.60
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Table 3. Composition of injection and emission
synthetic gas in the reactor(mol%)

C02 Nz CH4 CO HZ
Injection
0.50 0.52 6.14 22.35 Balance
CcO H CH4 N
Emission
0.20 12.38 39.27 Balance
3. 4% A% % w2
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65.92 wt% Fe
1.06 wit%Cr
N16.20 wt%% O

400 C
4.4 MPa
10080 min

—— 20 0um

[a] SEM image

1 2 3 4

ull Scale 7398 cts Cursor: 0.000

[b] EDS image
Fig. 2. SEM fractographs of 1.25Cr-0.5Mo under injection composition for 10,080 minutes
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[b] EDS image
Fig. 3. SEM fractographs of 1.25Cr-0.5Mo under injection composition for 80,640 minutes
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[a] SEM image

Spectrum 3
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[b] EDS image

Fig. 4. SEM fractographs of 1.25Cr-0.5Mo under injection composition for 161,280 minutes
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[b] EDS image

Fig. 5. SEM fractographs of 1.25Cr-0.5Mo under emission composition for 10,080 minutes

[a] SEM image

714



1.25Cr—0.5Mo%< o] &3k

T T T T T T T
1 2 3 4 Bl 5 T & g
Full Scale 1262 cts Cursor: 4.429 (32 cts) k|

[b] EDS image

Fig. 6. SEM fractographs of 1.25Cr-0.5Mo under emission composition for 80,640 minutes

Fig. 72 543 2704 161,280% &9k dh&-A171 B8 02 80,640% 5+ ¥-S-A1 7] AJHo] Hl&) Ak
ste} FaFg] g o 795 S AT 5 Utk SNGO =24 21 3 RA o7 Wi
Fao] 9 FaHA Aol AU B Fo AAL 25 Jdgo wE A ¢ 4FS
21 3, &5 oJste] 27] et %*éﬁ} AUA7F B & HaE S UERTh o] & 12 7] Z ol A
Also] o] e APHThrt SW AHEd wEHW A FEE Hojmy WA F2o] FEt
w27 A A E @4 o2 Holm SNG %”é of 1297 A A E = B AT gk e 7] 2
28 FHE7] A E oS 0 AT A F vde B4 dad Ao st

100 °C Emission
4.4 MPa
161,280 min

38.01 wt% C
0.94 wido Cr
4.02 w‘t% Na
55.53 wt% Fe

. X 3000

[a] SEM image
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[b] EDS image

Fig. 7. SEM fractographs of 1.25Cr-0.5Mo under emission composition for 161,280 minutes
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Fig. 8. 1.25Cr-0.5Mo fracture under injection composition
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Fig. 9. 1.25Cr-0.5Mo fracture under emission composition
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