AxAF 4449 2 A%

Corrosion of Rail Cars
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ABSTRACT

Rail cars are subject to vibration, impact and wear which can cause severe defects leading to
a fatal accident. Thus, they are designed and manufactured in consideration of such factors
influencing their service lifetime. Under-frames are composed of steel and support most of
load imposed on the car. Steel is very sensitive to corrosive environment and corroded even in
a normal service condition. Regular maintenance can protect steel parts from corrosion by
painting. However, an exposure of defect point to corrosive agents can make corrosion proceed
to a considerable depth, which may cause the structure to remain under safety standard. It is
necessary to understand corrosion behavior of rail cars in order to estimate unexpected
accidents by corrosion.
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BAL oy sHAE AYqd & gAY, dutdoze “@AHd J3to A7t 4
(degradation)s}= @-¢7olgkx AR = Ak oA Bate) F& EE= vFS AF7 2 FE
BA, 1A T A @A s 2o JuRE d& JuE Agsie AE 944 2
Aol g AL ojdd el wWd:= A vigAdsy] voe wEA A 7] Qi
d3jete 29 A8

oz ¢ A9 dIF, FHAAL vFE A7HHZ ¥hg(electrochemcal reaction)2 2
dojAl ot AstetA whgo S oldol wte=A AZA At o]Fo] WG L
#HE AL Fog. 48 S0 9 2ol 5 M ] FAEE S 2RI

F&o) RALYL s AL FHo] FHol22E g AAE ot AL kv
E M- M + e (AAZY

a4 ol ol dojus F ok FoAE o] Yoz YPd AAE LB W
$o) oA fo. oHFd AR LxwGogN F2 e AL g e £89 F
S3g Ao gdn Faviae T olrt,

0y + 4H' +4e — 2H0 2 A4
2H" +2e - H' (Ga7F2 0] BA)
02 + 2H0 +4e — 40H" (F2719) AA)

SN 2HE A ol ARE WelyE ol Loy £E anode(FF), W=
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1) Y4432 (General Corrosion)

ol A Eud] #UdsA TN Fdol AA g Rol: Ao rh. ol FH
o RAe guxe £ §F4 AERY S JdlAM RALES =AU w2 §olFiHh
oj} & RAL G E3A RASFAT APAHA FAHAAE FaHo] HojH) Audd ®
Hel nzA FAse $ALS Aol dn wEA fFARF A4 44 A Hr] A&, A
o #SY A AAHeZ ¥2o] Hol ¥ AHzA oz #gl
2) °1%8% FEY¥ 2 (Galvanic Corrosion)

T e b8 4 & 7L FEHHEE £F 44T §F FAEY o] ZRFHLR A=
e g st F Az AHAIE A B W) Az ojFo] Ao A/EA NSAE
FA3te] F&ol RAHE AL FAAL vAHeZ 2 o A BFE &9 FAAYL 4F
9] o)FE4 HE¥odn # = jld.

ol FFE& HYFAL s 2ol AA 3 THE ERE
g & Utk
P8 O Galvanic Cell : A2 t}& F&9]
| i) Concentration Cell : & F&
R
iii) Active/Passive Cell : Anode/Cathode®) B2 u]d] e}
RA&E Jg

A7 YellX JZ
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o F R FEF ¥

& TY %0 IHF0E Y& ¥EY L9497 HIjo WY FAo AN gEd

3) & ®(Crevice Corrosion)

ERAe Aol 2 A= FdH oz vl$ Fod P ¥ojvr? Exse
WAoo T F4 do]l I Je F& A F&A0] ndJE FHAA dojdth FFA 9
SAY APFAE dHEA o & 2o

D A M->M +e 849 0+ HO + 4e — 40H
i) Adanyg, gdvkg RA
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&L g% Fo] #Y, Y4029 diffuse-in (A5FY)
iv) M'CI' + H:0 = MOH | (34) + H'CI
v) ANE 5L RN
vi) A&7t FFE A RN 7] A4 (cathodeﬂ-)

AL #A7] daAAe Q279 o EEY gl AL did s d & £3E dx
£3m 24 29g AHgdolt st AfdE ¥ B Ee2g 2 2R E & o] &3y
Fol 4714 &EE 3tajof dr}.

4) F2(Pitting Corrosion)

AL ERAAY $ARAE WS AA FRAINE FARG shtolg P
349 542 d&3 2
- EAQR43 §A18 AF (autocatalytic reaction)

- F4 %7|3(pit initiation)o} FAIZF &8

- A B9, 7144 93 2 2H40YY, daux
Bl 28]

24gQeE23E T4 vud JAgd ¥ FHe FEHoEA

UW3A4e FEA7171 A8 98 st F894E Fst

= 3yo] BA3E3n Ao

iii

a2, TAA A8 A= &4

5) 4A5-2 (Intergranular Corrosion)

A2 L 268279 E3AR AF Uehies FAPFo2A 5L dd7 Ao

- €2 A EAFE BEE, §F HEESA 99 <ld.

- 2618279 B4,

- STS 304 (0.06~0.08C, 18Cr, 8Ni) — CruCs B3 (min 0.02C °o]/)

- 500~800C A Ce} AAFA o] F, JJAE wet Crnd (fFst8P)

» A+ anode, YU+ cathode : area effectoll 93 33 ¥4

- AL AN AR A,

- A 4 Iy dAe (2EFulol=d &)

- BAFE 002% oldtE ] (CraCs B4 AA): STS 304L or 316L

*Nb, Ta, Ti 59 A7t (M2& FHale]l= A): STS 321 or 347
6) 48238 (Selective Leaching)

4 AN AVNSAFHOR active® FHol AR B GHHE dGoEN B
Hass oy A4 Zxe 4 R RAMAE FEAUY FF(Brass: 70Cu-30Zn)e] 73
S8 oA ofde] A RAHWN AW AASd Bedor A Hed, o)t 1% Sn
& AZMSAY = F4%9 Sh, As, P5& WAUtgezA UAY 4 JHAS & A IFE
(gray cast iron)lME A9t AdR Y gaso] ZAZA(graphite network) HFAHE didol
Ap?

rr 4
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7) €8x 9 £ 42HA (Swess Corrosion Cracking and Hydrogen Embrittlement)

S8R AL A7t FAEN7] o Ao UA FAG AFSHE WAL W 25
$8o] Bgdon A45d 944 B JUE e ddo] X HFHg FFHes Agg
g dodle d4-¢ o A5 RAGH ued dE2rE s e A #9Y Al
£ #¥E7)(incubation period)7t £A3H, 4 Fgo] 2AY Tt vuy HE $x2 42
3t 4 2d A g s 9.

FEAR L YA AR Rolx FouU AL ¥4 §13A Ffunrgoz AAd
F&7F AR R, B3 ¢g ddezm I A5 i o HAaA aA Jelvdes 3
ojtt.¥
8) Fretting, Fatigue, Erosion Corrosion

Agrt o2, S22, AF FY HEAQA GRIYE = FAg R 29U & Fo)A H
H AR 24 L QFol si&HAN Al&gHo] A Fade ARE A2 ojy
P53 d4e 71 FEF L AR AFS vE FEE SN AF Bzdg?

9) £ EHH(Corrosion in Concrete)
AZol YAY ERLE FZENA TASE FAYHEAN FAEE AAEL o2 2o
- 4E, 344 4950 E3HE YRE JQd— H - B 49
- 23EE W9 F98 9 ¢, 4¥ 9 I, ¥4, ¥, 74
o oy
~ Adequate depth of cover {embedding the steel deep enough)
- E/NYE <04
- 3% & (chemical admixture)?) A&

o A#H
-g4d 4 ENE By
- ¥ mYAg

- SEFEAAYH B
10) 7 AE F-2}(Microbial Corrosion)
nAEd g Yo EFL g3 2o
- MIC (microbiologically-influenced corrosion)
- B REY EA 4 5o oo ¢
- f7) B 71 FAE s F2Apit)e] Fuz 2
- Biofilm2 HIZ#AE ZANUAN 24L& A
- AA"E A MIC 24 &9
- §&442Y FiolL(acid) Fol EXA] B4 £9]
- #7143 ¥ 2loH(anaerobic bacteria)®] -9, 894 3EA AF — MM rivet holes
ol¢} 2 nAE AL F& TN X9 A biofilm), FE=EF W, 99 PFE 59
A gAgsted, 99 A9 vEr] dEd oF gRyol 2o P (copper washer)F-F
9 SRS o|AAMN Fdo] A, A dHoRE= WA LAe A, biocided A
&, vE5EAS 771 JAE AALY Tl Aok
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AEAFL AHgxAd we} FA9 ddd HojE yeded FFAAY AAARE F=
THste Bl FASEE BgAE TS oA 8k o= U] F9 RIAItE JED ol
318 £ 49 9% WEold FAL ol TAY 9 IPF=d AFY dF e HE] &
oA AzHEU B AZto] S3A Ak £ A F 7 AHo| &oldA ¢goeuz FAY
Fdo F3E FAAAELE AAAA gL AZ LAFL A2 JADT. gy Eyt2

$8 S o3 E¥d =Fo] B&Ed e $AFHe=
Aol NS dd FHo] AAHA FA =gty
AE we $Ao] §a5o Ytk Azte] Ay LR
o] $4% EHEXE FHd oA Ade] &4H FEo
LEAAN ZAZTEH FDoix WiAdY. AEAF AAE
BAFE a9 304 R Eoje g E9Ee] wH&EHT xEW
AAE AFE Fo] Hople AFE € 5 o

i N : . AFE gL A2 FAHNLH olHF olgMEL
a9 3. A4 g% =9 & F2o] AAE7] HE 2D AT oM e Al
Aol <tsln] WAy oA Eol FFH7] A9H 715 33 FdFHe A A8 ¥4
Aol 77 AAEo] o]HF F Yo FHHA FHUEYG FEVF A FAHY AGP FHAA F

i e o

(a) 728 HEZH b) EE oA

a9 4 AEAZ SFolA TAHE SN A

Aol Azg. 29 4 = F A9 FAZ 2RE 29 EAE g ¥4 AAH] Ut
Wge BaZTh ANAA Be Fiol A4 g XY £41 ¥Yoith oA Ay A
RANE A% B39=d 29 4 (DS 28 2E vjelREd] 93 42 ZAste] FANA ¥
Ao} A Yee  F Utk

oh7-2)

Aaso] 34 EAd U $2 A59) Bl 42 FohAR Qrk ol FAoz
AN AAH &AL BBO|T, WTE 439 IR SIAAE 4 A9 AR ¥
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247 ol
34 2oz A% &4 A Bot deF g A SN 4748 &
2t AAgelt. 45 ZALY, A%, A, TF o ¥Hoz A¢ FAY 4 s
T oAAzE Aol $AL WEt ole 349 £52 A4 H, FR2d 33, A
EE 33 52 498 57 AL, 0¥ H9 AAR £4 B9 oz, dde] SRE AL
= %97 B A WAZE A REOlY. AL F2 35 A4Y 2AS duatd, AT
49 FEAY FFE @Y gonz old@ 349 PHoz A S8 I AU 1
2 7oA Bk oA EW FH 4G 2 Aze BAY oA 4L JuHAE @
ok,
ARG F9E MANZ AN, DAY L A 2 o $Ao| oF AR
SRl B0 FEAGE AA BQ U 45 ¥E WL 2 AR 5 o Rl
$40 w49 JFs4el ¥tk 714 RARS A L AN 5& Fael ¥4 BASES
AAY £E gon o JAE FINge £, $IUe) 24, 4AA 4, e 58 2
@3 AN 74 5 T ASHOZE $AL 49 A 2 & Atk )%} HEe) T3
S Ak B AZE ARAA SR A 2% o187 B BeAE AAUA B
vhge ol Fojob sttt

N

2 ATE Agrlere FANAGFLAGNRLS A9 A9 glew, ojd A=
Byt
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