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Abstract

In order to analyze the corrosion rupture in the weld zone of stainless steel alkali solution filter
during electrolysis producing hydrogen in a power plant, the cracked parts of the filter were ana-
lyzed by macroscopic and microscopic examination, chemical composition analysis, X-ray diffrac-
tion analysis and other tests. The results show that: during electrolytic water producing hydrogen,
the cracking in the alkali solution filter system was caused by alkali embrittlement in alkaline so-
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lution. Alkali solution filter cracks appeared between the welding heat-affected zone and the fuse
line area. The crack generated in this area and propagated along grain boundaries, and then ex-
tended to the depth of the steel. In the alkali medium, the formed protective film such as Fe;0,4, etc.
on the surface of austenitic stainless steel would be destroyed by residual welding stress. The pas-
sivation and the anodic dissolution process occurred alternately, which resulted in the stress cor-
rosion cracking.
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B KR R A BRI e, AR S SRR, BlERAM . WS ERE4ET 5. 5
TS BT S0, BT LA H R7E [ 153032 NP o B 7K A V0 R AR ) R AR — MR 25%~30% 11 KOH
8 NaOH ¥RIFW, Nz TAERE N 85°C~90°C, PHbxt 4@ A SR IR Bk [ 1] [2] [3] [4]. HERIE
[5], BT CI'\ F 2531k B B b\ B i AR AR T 4% 2 b O L e, RERILh s 4, 5 F BT RAE
IR, 51 R L. ST AR B 2 5 BN A T A, 2 T AR Pl 2 (B AL P R R BH
RF TR, AN R A AR R ko

LR K A S04 BRI B o, T IREE M &8 Fa R P IR B SR HoR
EMZE S SEUHHAEE X, ESARN SR, SIRERMEN TP A S MU Eh, ZEma . 5
HIRA, WBIR6] [7].

BT R 8 S AR ) S AN B AR E AR ARSI R I, TE BRGSO R R S — I R e Sk B
HHIL T JE e BN R A0 AR SO AN AN B 8 28 T 1 R P R P TR 5T Hh B S el kAT O Ay
B, FEATES ISR SR DR, Bt AE R SO 7V, AT B Iok 0 8 U 4 1A ) S sk TS 2 AR AR

2. Bt RER
2.1. BT

A E bR GB/T20878-2007 “ ANEFEANFNM VI 5 KA E 877, RS & AR RS 6300 B2,
CLAMARRAL 140 Y, 0P BURANGE I AL BEAT A6 22 o3 234

X FE P BRI YR AR 2 T 1 JE Pl gk AT R B8 5, IR BT PR SRR TR A I pHs-25 RUACERAC
BT =0 pH A .

U M AN R 10 A ZUR ] Nikon SAH B ABEIEIT WS . WLERHT, R IG/K LI 75
75 10 min, FUE T4 4 T8k,

KF GSM-5600L AL 44 L7 2 U BE (SEM) X A S ok (1) AN 5 AN aURE 1) JB T T Sk A7 W 8%, i
SEM H 7 {1 B F RETEAU(EDA) AT JE il BE R T T R 90 A7

H D/MAX-Ultima+%! X-§£&47 55 (XRD) 7 H # BUS T AN B A9 AR R T A 257, XRD F i e
MOy Cu B, FHEMAEH 20°~90°, FHHEZ Y 6°/min FH LY 40 kV, FLSA 40 mA.
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2.2. BWRSHR

B B T R AR T I ZE TE SR T 1 1o Wil 2t 07 MO 8 =X H A K 1) SR AN 54
BRI JE AR R S DA B G F AL 1. B 1 mrEL BT IERR R T A R B AR, B 1)
A JbFN B ALBRZIHIBL 2 KRG BRI R, 2 cMECTAT TIR4E, RO T KR4 T
PRI XA E, £ A I 3.5 mm BN RIZRL(E 1(b): B ADWEZERN(E] 1(0)K 5 mm IR L.

(@) (b) (x50)
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Figure 1. Macroscopic morphology of cracks on the surface of alkali solution filter
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AR N S30403, FEILESEMSEIR GB/T20878-2007 “ AN AW AN 4N 5 Ak a4y 7
022Cr18Ni9 (Bl 00Cr19Ni10)4M i HH 5E T 5 .

Table 1. Chemical composition of crack tubes (wt%)

= 1. KERD PIERWt%)

Element C S P Mn Si Cr Ni Fe
Sample 0.030 (0.001 0.029 1.446 0.529 18.00 8.45 Bal.
GB/T20878-2007 0.030 0.030 0.045 2.00 1.00 18.00~20.00 8.00~12.00 Bal.
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2.4. BEUR M ERE pH 23

XS PR JE A PR T A k™, AT RS IR BT PRI K PR I pHs-25 LA RRAR
MART =A™ pH fEL. 7 2 AN RERW], JE 100 pH {EAE 9.2 2 9.3 ZIH], ZHliE.

Table 2. pH value of the corrosion products

5% 2. B 48 pH &

Test sample Weld joint Crack A Crack B

pH value 8.5 9.3 9.3

2.5, FHETRDH

2 7 WG D s b RE R T A B B I . IR AT L, B D E R T [ T AT IR B T
HEU(E 2(a)), HEERTT A9 HF ML T — 28 ZIRBEREHERE, REUERITREIRI(E 2(b)), B YR
ARSI G, e ST PEWT AR 8] (9] Histt, AT DA W HR R U d I R AR A0 2R N 0 T BT

(IR, W5 SRR b e oy A WUIR B Tt i (P 2(c)), ARRRAL,  HL AR SRR ML= AR A5 B
TVARE(E 2(d)),  DRISEANER B i S AL D0 56175 S e 2

100 pm EHT =20.00 kV Signal A = SE2 30 um EHT = 20.00 kV Signal A = SE2
H WD =10.0 mm Mag= 40X File Name = 1-01 if WD =10.0 mm Mag= 200X File Name = 1-04.tif

(@) (b)

20 pm EHT = 20.00 kY Signal A = SE2 10 pm EHT =20.00 k¥ Signal A= SE2
WD =15.0 mm Mag= 200X File Name = 4-16.tif — WD =15.0 mm Mag= 1.00KX File Name = 4-15.tif
() (d)

Figure 2. Scanning electron microscope image of the surface of the alkali solution filter
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BRI e B R L Uk T T B IR s T 3. W 2 “UkiEER " ARFESL(FE 3(a)), XA ST
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rn LA B T R S N IR, BRI RE RTE IR .

100 um EHT =10.00 kV Signal A = SE2 10um EHT =10.00 kV Signal A = SE2
WD =26.8mm Mag= 100X File Name = 1-09 tif i WD =268 mm Mag= 500X File Name = 1-08.tif
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Figure 3. Scanning electron microscope image of cracked fracture of alkali solution filter sample
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Figure 4. Microscopic micrographs of cracks on the surface of alkali solution filters
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Figure 5. Microscopic micrograph of the crack sprouting area on the fracture surface of the reverse side of the intercepted
alkali solution filter
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Figure 6. Electronic energy spectrum analysis results of specimen surface on the reverse side of alkali solution filter
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Figure 7. X-ray diffraction analysis results of the surface of intercepted alkali
solution filter
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DOI: 10.12677/ms.2021.117100 875 PR R


https://doi.org/10.12677/ms.2021.117100

Tk 45

ANBEANAE TV BRI (082 0 8 T T R H A A BRI 51 S B S RN SR 18 R T
G NFENR LB Fey Oy JEA A B VIR R[16]. AEMERFEANER H AL T PRSI, R U

f¥] FesOy PR ik -
2Fe(OH), — Fe,0, +3H,0 (1)
Fe(OH), +Fe,0, — Fe,0, +H,0 )
3Fe+40H™ — Fe,0, +4H,0 +8e 3)
3Fe0, +2H,0 — Fe,0, +40H +2e )
B T2 RS2 RN A FH T 2R, SRR R AV R, AR ORI PER FeOs )2
Fe,0, +40H™ — 3Fe0; +2H,0+e 5)

F TG - PG R SRR, AN AN R T R X R TR R R B AR, T MR AR X A B AR, TR T B
KA/ N BHAR ¥ B T 5 4 . FERRARIEERIER T, S FeOs MR MIEIEFFZRL, 4k i Al A
GEICER

3Fe0;” +4H,0 — Fe,0, +60H +H, (6)

X T T AL T Bh A P ECRAS IS, 15 R BHAR AR LN S R T o X SOt S8 2 R R T 1) X4
LRATH TS R(E 7), RIHFZEH Fe,0s. FesOg IR I E M ATk BT A5 B EDIE . X 1 55K A %[ 17]
FERF TGRS 316 L AEANAE 330°C NaOH VAV 1 ARIB I L i) 285 S A — 3

PPARBRAGET, B T AR . BIREZ AL, IETHEH RN IR . AN R AR B R R e
A AR N I (B AR IR N F7), AR R B AE RGU B N, JR RIS o AN T 45 e
SIERAL S Z R, TERE G 74 H AR 5 AR XA S8 ST AT IK S Wi, AR = AR A K
YRR AN /7. PEIRIE[18] [19] [20], H5422 DX I vA S0 (48 51 ke, A% vh BT 8 R I 6 4 9 L e
BT LA P2 A 207~276 MPa (B AN 70 SRR AR L 1 A& AL 7= 6 N D Dl 32 22 098 . 7E
AN R, (RS R AT 4 X R B IR A 5y = AR e, B IR, HEWZR.

AR SEIG IR B2 45 S, SSUE IR T 52 A5 4% 1) F R DXOR I 4% RER 58 ST R0 A 26 X3 3),
WA SRR I R 7 A R R AR AR N RN = AR BN 77, 5 AN A 0L 7 JE5 b 284 1) e 57 I {1 W 2
TR B, ARTF B TAER A0, RIATEEAE AL,

4. GERRIEW

1) AR K S0 B RO DERS AR VA T SN T gk, R RIVBRNGE -

2) B PE A AR R I R SUR I B, L RGBS, REMHE T B AT, et
o, ROREWE ST N .

3) BRVBUIL i 2 SR SO AL T X ARG X P L AT R 4 B S T A 5 2 DXk, DAz il
R, WY S RRERLY .

4) WA, BRI A BRI K FesO4 55 IR IS N 1F AT T I A2 85008, FRA AL RE S
BEATIN S R T PR ARVA A L ) JE 2R

NBIIECLE RSO A, B BT

a) N T RLLERN IR, G R BREN(C > 0.2%) MR IR ANERAN,  BRAEBREN L9 Ni, LUACRH]
BRI S SRR B E AN

b) 4 T BRIEEE AP FT, AT R BER/ N A AR N (AR B AR 753, DR AR 4

DOI: 10.12677/ms.2021.117100 876 PR R


https://doi.org/10.12677/ms.2021.117100

Tk 4

ALFR(— MR 300°C~350 CAIRIRALFR) B A T7 1%, DRI AN S AL RC S /] o

c) FERRALA AN T3 S I3 B RO R TR 3 7T 7 L 2 T T 2

E&WE

E & 8RB FE ST H (21676040, 21276036), R HE SHF A 1HRI(2016YFB0101206), KT AH

R4 T H (2018712GX053).

&5k

]
]
]
]

(3]
(6]
(7]

—
—_
—_

[13]
[14]

[15]
[16]
[17]

[18)
[19]
[20]

BTN, RFEH. BEHESEMERE0]. FE TR, 2018, 20(3): 58-65.
TEE, TH. IS EAERAT NI &0k, 2018, 54(5): 12-15.
HLEE, FH0, AR, & /AN TR KIS R & B AR [T]. 4t TR, 2020, 48(9): 70-73.

Schmidt, O., Gambhi, R.A. and Staffell, I. (2017) Future Cost and Performance of Water Electrolysis: An Expert Eli-
citation Study. International Journal of Hydrogen Energy, 42, 30470-30492.
https://doi.org/10.1016/i.ijhydene.2017.10.045

JAE, RoCZE. TEE K S A R AR i L EE A FE ). AARARL SR, 2006, 28(4): 34-37.
TKEE. MK EAR R A AR AR B R R (D], (R TR 53 4%, 2010, 38(9): 70-72.

Rhodes, P.R. (2001) Environment Assisted Cracking of Corrosion Resistant Alloys in Oil and Gas Production Envi-
ronment: A Review. Corrosion, 57, 923-966. https://doi.org/10.5006/1.3290320

BRI, SRR IM]. dbat: A Tl R, 2003.

XSCHE, AREkAe. EETRMEIL R I A R TR ], B R 53R, 2017, 33(5): 38-39.

XERR, Wms, PRbf, & KA IS AR EIRETTRER ], &8R4, 2019(44): 267-270.
B, FIRR. IR A Ak B R MR S5 DR b RO SR [T). R R S TR, 2018, 48(5): 51-53.

Alireza, K., Abdolhossein, F. and Mohsen, S. (2015) Failure of Secondary Superheater Tube by Caustic Stress Corro-
sion Cracking ( CSCC). Journal of Failure Analysis and Prevention, 15, 583-592.
https://doi.org/10.1007/s11668-015-9991-y

AR, I, TR RARNERAE SEPCERAAINR B ITI]. K748, 2019, 36(9): 53-62.

FAER, BREZ, k%, & SiREAE SA-213TP321H WE BB IFR LI ST IE, 2017, 46(1):
259-261.

XER R, fias, RE, & REKEESRPEASE LD LFRERE )], &R, 2019, 4(9): 267-270.
gl ﬁi%ﬁyxiﬁﬂ&ﬁ%ﬁﬁﬁlﬁfﬁuaﬁzﬁ%ﬁﬁ@[] At TEARSZ5F, 2017, 33(1): 50-53.

TREM, BEW, EAK, & ZHBES 3161 AEMTE 330 CHA R - N B F 24T A L I]. R EE S
B9 2417, 2015, 35(3): 205-212.

SR, HERRRE. AR EIM]. dbnt: HURK T H ik, 2000.
SR, VIR T e R R 2 BT AR B TTVED]. AR TR S R4, 2020, 35(6): 173-175.

/b, EY, e, 2. 670 MW HIG 4R TP347H TS BT, o BEUF Rl i3 & 22 42, 2020, 36(6):
54-58.

DOI: 10.12677/ms.2021.117100 877 PR R


https://doi.org/10.12677/ms.2021.117100
https://doi.org/10.1016/j.ijhydene.2017.10.045
https://doi.org/10.5006/1.3290320
https://doi.org/10.1007/s11668-015-9991-y

	电解水制氢不锈钢碱液过滤器开裂失效分析
	摘  要
	关键词
	Failure Analysis of Stainless Steel Filter of During Electrolysis Producing Hydrogen
	Abstract
	Keywords
	1. 引言
	2. 理化检验及结果
	2.1. 检测方法
	2.2. 宏观分析
	2.3. 化学成分分析
	2.4. 截取腐蚀试样表面pH检测
	2.5. 扫描电镜分析
	2.6. 金相微观观察
	2.7. 腐蚀试样表面的电子能谱分析
	2.8. 腐蚀试样表面的X-射线衍射分析

	3. 腐蚀开裂原因分析
	4. 结论及建议
	基金项目
	参考文献

