Clean Technol., Vol. 24, No. 4, December 2018, pp. 339-347

BBAUKXIIE

737) LA 2Rk A 2066
A EA T B A A 2B T
T A A= ] 7124 89
"M et 717 8t
AZEEA AT AAZ 50
Heledgdstdet, 938 D AawE
Al 8T 7P = 217

(20181 79 319 44 2018\ 8 20 47 A< 20181 8¢ 22¢) xe)

High Temperature Corrosion Effect of Superheater Materials by Alkali Chlorides

Beomjong Kim'?, Soohwa J eongz, Hyesoo Kim™, Changkook Ryu', and Uendo Lee***

'School of mechanical Engineering, Sungkyunkwan University
2066 Seobu-ro, Jangan-gu, Suwon-si, Gyeonggi, Republic of Korea
*Thermochemical Energy System R&BD Group, Korea Institute of Industrial Technology
89 Yangdaegiro-gil, Ipjang-myeon, Seobuk-gu, Cheonan-si Chungnam-do, Republic of Korea
*Department of Mechanical Engineering, Yonsei University
50 Yonsei-ro Seodaemun-gu, Seoul, Republic of Korea
‘Green Process and System Engineering, University of Science and Technology
217 Gajeong-ro, Yuseong-gu, Daejeon, Republic of Korea

(Received for review July 31, 2018; Revision received August 20, 2018; Accepted August 22, 2018)

2 o

A ARE Q13 AH LA L 71T S-S 95 AN A FFHFL A F7154a Glon] @AY 7] % oA
AU A ALRES] 60% 71 ZpAIskat gk, et o7 e S ARl b)) W WAFS 1A 3 of e o)
Aol 3 H] o] glo] WA HA ol 2§ A chFet BAS AN 53] AR o) GRS B A Audtio] &)
7 A e S A BEE Gho 1o 0] 28 A9l0] Hn) ] FEES WRT S HH§-S F7HI B 4
Tol A Gaterzrelo] o3t Ba7] 2Ae] RASA BAL 915 27§ F 8 F4 4 AH(ASME SA2I3/ASTM A213 T2
TI2and T22 F3) % hY 02 0294 APL 25k 2A| gapulat FAHAA] A o L4 R AL 7| (SEM-EDS) &
g3 ChpE A WE FASHS BASE AF 20 2% U G542 GFo] H24F 40| 271540 H NaCl
HTFKCIY] 24 40] B %82 Selstalrh, B3 A4 9] 2B TTo] 25 Gatalrtelo] tat 4] S4o] S-551

bt

FHO A7 =, da, Fotd

£
K
flo
i
>
u
ne.
N

Abstract : In order to cope with environmental problems and climate change caused by fossil fuels, renewable energy supply is
increasing year by year. Currently, waste energy accounts for 60% of renewable energy production. However, waste has a lower
calorific value than fossil fuels and contains various harmful substances, which causes serious problems when applied to power
generation boilers. In particular, the chlorine in the waste fuel increases slagging and fouling of boiler heat exchangers, leading to
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i)

areduction in thermal efficiency and the main cause of high temperature corrosion, lowering facility operation rate and increasing
operating cost. In this study, the high temperature corrosion experiments of superheater materials (ASME SA213/ASTM A213
T2, T12 and T22 alloy steel) by alkali chlorides were conducted, and their corrosion characteristics were analyzed by the weight

loss method and SEM-EDS. Experiments show that the higher the temperature and chloride content, the more corrosion occurs,
and KCl further corrodes the materials compared to NaCl under the same condition. In addition, the higher the chromium content
of the material, the better the corrosion resistance to the alkali chlorides.

Keywords : Waste, Chlorine, Alkali chloride, High temperature corrosion, Superheater
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Figure 1. Mechanism of high temperature corrosion by alkali chlorides(chlorine-cycle)[14].
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Table 1. Previous studies on anti-corrosion technology as material aspects

Year 2007 [6] 2012 [7] 2013 [8] 2013 [9]
Institute Umeé University Chalmers University of Metso Power Oy, Finland Swerea KIMAB AB
Technology
Experi- ut it R Type 2 oxide
TTTTT N 7 . san
mental im‘w‘z il i e e s WHCIJ e N s
facility S AT I N WA o CE)
ST35.8, 15Mo3, . 13CrMo44, HCM12A, Super 304,
Material | X20CrMoV 121, Esshete Stsezlglgii 10Cr1\/éc;191;(1:§)(;®AZI§I 347. 1317 L, Sanicro” 28, Nickel-base
1250, Sanicro” 28 alloys Hastelloy C-2000, Inconel 625
» Significantly increased corro- | * Corrosion attack is initiated by | Sanicro” 28 exhibited more | * Comparing the corrosion rates
sion rate was observed when | the formation of alkali chromate | internal degradation during| and the type of attack, a clear
extra chlorine in the form of| through the reaction of alkali| exposure to NaCl than to| distinction is between the three
Key PVC was added to the fuel mix. | with the protective oxide. KCl1 lowest alloyed alternatives (13-
findings | * The corrosion losses were 2-3 | « Chromate formation is a sink | * Oxide formed through va-| CrMo44, HCM12A and Super
times higher for the low-alloyed | for chromium in the oxide and| porization of chlorides at| 304)and the four higher alloyed
steels compared to the high-| leads to a loss of its protective | lower temperatures with| materials (317 L, Sanicro® 28,
alloyed steels properties NaCl Hastelloy C-2000, Inconel 625):
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Table 2. Characteristic of boiler tubes materials and their applications

i)

Application
Steel grade Compositions ASTM Econ- | . |Super-| Re- Main | Re- vszfe?r Water
(U.S) omizer oratgr heater | heater | steam hegter heater fepd
tube tube | tube | tube | pipe tube | PPe
A53-Gr.A,B
A106-Gr.A,B
0.15-0.25C A178-Gr.A,C @) @) @)
Carbon steel A192
A21-Gr.A-1
A106-Gr.C
0.25-0.35C AD10-Gr.C ©) @) @) O
0.35-0.5Mo T1/Tl1a/P1 @) @) @) @)
0.5Cr-0.5Mo-V @) @) @)
0.5Cr-0.5Mo T2/P2 @) @) @) @)
Low-alloy steel
1Cr-0.5Mo T12/P12 O (@) O (@)
2.25Cr-1Mo T22/P22 ©) ©) @) O
2.25Cr-1.6W-V-Nb T23/P23 @) @) @) @)
9Cr-1Mo T9/P9 ©) O O O
9Cr-2Mo O O O
] 9Cr-1Mo-V-Nb T91/P91 ©) O @)
Ig;i‘tfchggf 9Cr-1.8W-V-Nb T92/P92 o | ol o
11Cr-0.3Mo-2W-V-Nb T122/P122 (@) O (@)
12Cr-1Mo-1W-V-Nb O O
12Cr-1Mo-0.3V O (@) O
18Cr-8Ni TP304/TP304H @) @) @)
18Cr-8Ni-Ti TP321/TP321H (@) (@)
. TP347/TP347TH
18C-8NI-Nb TP348/TP348H N
18Cr-11Ni-0.6Nb TP347HFG O O
Austenitic 18Cr-9Ni-3Cu-V-Nb UNS 30432 @) @)
stainless steel 18Cr-9Ni-2W-V-Nb-N UNS S34705 @) )
16Cr-14Ni-2.5Mo TP315/TP316H @) @)
22Cr-25Ni-1.5Mo-Nb-N TP310MoCbN O O
25Cr-20Ni-Nb-N TP310HCbN (@) (@)
YUSTM170 O O
MN25 TP309LMoN (@) (@)
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Table 3. Chemical composition of coupons

Compositions (%)
Grade -
C Mn Si Cr Mo
T2 0.15 0.45 0.2 0.65 0.5
T12 0.1 0.45 0.5 1.025 0.5
T22 0.1 0.45 0.5 2.25 1
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Figure 3. Procedure of high temperature corrosion experiment.
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