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Analysis of Perforation Corrosion of Cold Rolled and Galvanized

Steel Sheets by Extreme-value Statistics
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Kouki IKEDA, Masatoshi IwWAl, Hirohiko SAKAI and Shingo NOMURA

Synopsis :

The perforation corrosion of steel and galvanized steels due to the cyclic corrosion tests(CCT) has been

analyzed by the extreme-value statistics.

The plots of the maximum values of perforation corrosion depth and the cumulative probability gave
straight lines and they were fitted to the Gumbel(Doubly exponential probability) distribution.

The decrease of the slope of these lines with CCT time suggested that uniform corrosion occurred in an
early stage of CCT but it changed to uneven corrosion with CCT time.

The period of the uniform corrosion corresponds to the incubation time, ¢; of perforation corrosion and
t; of the steel was extended proportionately with zinc coating weight.

The perforation corrosion rate of Zn-Ni alloy electroplated steel after ¢; was lower than those of other
materials. This phenomenon seems to be attributable to formation of a protective corrosion product of
ZnCl,-4Zn(OH), and a good adhesion of the product to the steel.
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IO 100 g/m? LML IR HEM THD, DOoER
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Table 1. Materials tested and their coating

Table 2. Cyclic corrosion test (CCT).

SST Dry > Wet
35°C 50°C 50°C,RH95%
r 7h 2h 15h
x10mm LTS EY R T HEERT — 7 CHE
Uich ORER L.
2.2 CCT

RPEBRYBET AL, SST LTl B
B AR ZAR CCT REATRE LML, &
, Table 2 wxRTv 1 210 CCT %43-o%-. SST
ik, pH % 6.5~7.2 i 3§#& U7 5% NaCl %% F
Wi,

FREDY 1 7 VERBR O T — 72 E L oD
B, 70°C » 10% r=vB7veE=v ABEKYHAWT
RBRF wBREFMEE L, KUk BERL. RPEBRES
ST AR e A A YA — OB AGWCTHIE L. D
RO EIERSE X £5/1000mm Ch 5.

R —MORBRECOWTIBRERWEER L, *
DR EZFRE L. X bRBRAOWHEMEKELE & L
EPMA TRERAERB O ST EITO7%k.

2:3 BARDEERRES OWERIT
F—%&fTF Tt COT 2t LicA—RBRF 0Bt 3 ik

Eltz. CCT R LOLARBAREO/FH 5mm

BEBRWCTHE2%], BS5TENE LT 17x24mm DX

% 15 EfpR L. (Fig. 1 ) ZFXERT5 258

DBAERILZPEL, WEEDO AL 7S A wIERL

foo BV THRRAE D MR BT LB BN SN 2 IXIE P oD B

weight.

No | Mark Material Coaiing weight (g/m?)
1* | COLD | Cold rolled steel —

2 | EG40 Electrogalvanizing 40

3 | EG8o ibid 80

4 | EG100 | ibid 100

5 | CGA45 | Galvanealing 45

6 | Zn-Ni | Zn-12%Ni electroplating 30

KMEZ/PE b0 b 45 B (15 XEx 3H) EX

* Chemical composition of the steel is as follows; C: 0.06,
Si: 0.02, Mn: 0.21, P: 0.008, S: 0.010, Al: 0.066, N: 0. 006
and Fe: Bal. (wt%)

Insulation tape

N\
L N

Steel or
L~ coating

N 1
|
Lol __t__J I

{ mm)
p——-

( ___1 shows the area for measurement of )
corrosion depth.

Fig. 1. Dimension of the specimen for CCT
(mm).
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#B7. BohiEONfixe A+ 75 a0 ¢ CCT
¥4 7 A8z Fig. 2 wiRd.
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Fig. 2. Histogram of perforation corrosion depth
of cold rolled steel after CCT.
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Fig. 3. Doubly exponential probability plots for
the maximum perforation corrosion depth of cold
rolled steel (COLD).

DRVIERLSF L 7r 555, CCT Befins 19 w1 7 A
BEeA L 7T 2AOEREENENY, EERSTH DX
BIEBORANEETLT B LB, I 30 ¥4
7 Clke A b 75 AORRENEHRICHITL, &
LEBWIEEAREIIRBCET 0L Y & b 27
EHEAFCHEYT B, 20X 5o mRAEE, Al b
V- x v 2BV BRI R R LB RS0 s
FORBREL LAKCEREOSHLEEL DR S, Lz
20T, BEE LCORKME O 74 ¢ H % Gumbel
HAE (2 EIEEHR) BEBIGTREE LU T OB 2T

7.

BIROBRBEION, FXEZ EREAERRD, B
BT O FHEDC DT 2EBBHERKC T = » + L
#-. Fig. 3 1= 6~30 %1 7 A~ CCT %45-27- COLD
oW oiERERLYRT. Fig. 3 1o WTFhoCCT
4 7 VERWT S BN RFLERBERIE LR, GO
LDOJBAND XBREIN 2ERBOMCHESTT S C
ERHLENTHS. L LEEBEYFMCRS L CCT
P4 7 AR B EEROBEEIVNEL LY, BER
BEXOXENERY BRETHERDRE L KA EAL
b5, 2EBROSMOBEROEE DH R alx, REAT
A — & Thy EERFZE L OMIKRRIRILT 5.

a=(1/’§/ﬂ).g ................................. (1)

LicdsoT, REASS 2 — 2 OEIMIBREIDIXS
DENKEIRD T ERERL, BREIBRICTE—
LT C EfEEIhS.

Photo. 1 ¥ 6~19 %1 2 1> CCT %f70%
COLD olif # £AMETFHEMSE (SEM) THELL
BECTHL. 69174 (REARTS 2 —x a=0.014) T
1% COLD oML BVWALHBBRD LR 5 b O
D, BEBUhE-EBEAEIN 50 1291 7 1 (a=

a)

(a) 6 cycles (b) 12cycles (c) 19 cycles
Photo. 1. Cross sectional SEMs of cold rolled
steel after CCT.
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Fig. 4. Histogram of perforation corrosion depth
of electrogalvanized steel (EG40) after CCT.
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Fig. 5. Doubly exponential probability plots for

the maximum perforation corrosion depth of elec~
trogalvanized steel (EG40).
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Fig. 6. Doubly exponential probability plots for
the maximum perforation corrosion depth of elec-
trogalvanized steel (EG 80).
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Fig. 7. Doubly exponential probability plots for
the maximum perforation corrosion depth of elec-

trogalvanized steel (EG 100).
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Fig. 8. Doubly exponential probability - plots for
the maximum perforation corrosion depth of gal-
vanealed steel (CGA45).
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Fig. 9. Doubly exponential probability plots for
the maximum perforation corrosion depth of Zn-
Ni electroplated steel (Zn-Ni).
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L EEOEEOETIREALR LRV, Tib
B, ZOBRMETCIE Zo-Ni 3B—RBREZT A L
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EITLIRD A & EHEIRS.

4. % =
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ZRBRF O 2EIELHERT = » F DERENELER
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T_—_S/5=4.2,3 .................................... (2)
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% CCT w1 7 A% snBERT ey F LAFERY
Fig. 10 wrd. ORIV ERTYERESI Le DR E
THHET B L WThoRBA L b 55 —EHRBRC S
XWANETT DL bbb, S oiiE L L1,
Fig. 3 ¥ X ¢ Fig. 5~Fig. 9 T/R L -EBEOHEE D
KT HbbREAT A —2DH 1 7 VB X DBb% D
bR TERTH L, NbSEBRTEBRYH & BT
L, 20 4~5 44 7 V3B —KBR LT
REH—BE~NEEEL TV D LEbh 5.

RO TRE—ERE, BHKAMEOPEIBE T

- DERFCE LIS X5 CHFOEILHBRCEEIR

BT ENMBRTVWS.

ARBI S\ CHIRFREIC AR L 7c#fiz FesOy ks X
O a, B, r-FeOOH %EWAHpETHIDOTHY, v 1
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HECH k. ThbOFEOREREEY LB T % &
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Fig. 10. Relationship between estimated maximum

perforation corrosion depth of cold rolled steel and
galvanized steels and CCT period.
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B pH % ER LR 4~5 BEDHETHY, £
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S>¥w Fig. 10 kit % Zn ZHOXHERDO t; @
HHTZE, Fig. 1l wRTXoenox BNEI L
BIFE t; &L kB, L»d t; i1 EG, CGA kX
O Zn-Ni o» > XBEECEMRET 50, BB X
DIRIE—BHCHREEIhS EELBRS.

ZEEBDY bMIRORD TR & D, Zn R

DOEXDOMNEI LD t; R LB EEREL TS
A% i WRAICEMAEDOD DXEWIRCL Zn RDDOED
M T Fe 2 Nt 0FFBRK L H AKES BT S
ELTEBY, AEEREIBRBLOBEYB 5.
ZDERCOVCTOFMERITHTH S22, RBRAFE
HADBEEERL 7 v A0 » POFE, BREREOHE
eFeERLTW 0 EBbhb.

WIhieLs, Fig. 10 w/rL 7z COLD o ¢; % Zn
FODOEDFFER LY ELKBDI1LDH 0 BHAKMIE
X0 BB EET 5 0@ U R ARS R
RETHZLRERLTVWS. btk 10 1 7 A8
» EG 40, CGA 45 s k. 1% Zn-Ni &R 5% NaCl %

30F o

LCT. o
©
© 20} o)
&’>: Zn-Ni EG
- 0 oecea
~’°i/////m

)
1 1 1

i 1

0 20 40 60 80 100
Coating weight (g/m?)

Fig. 11. Effect of coating weight on the initia-

tion period #; of perforation corrosion for cold
rolled steel and galvanized steels.

Brhesd 5 HRBAIIVTRE —0.60~—0.65V (vs
Ag/AgCl)y DEEHY, WO HREL —0.55~—
0.58V Xy BirfERR L. ¥, DOXHEMNERS
T2 ERARHMROBHIEHAEL THZ LY
L ERATAHAREAEZRL B DEELBRS.
PhoXs ti R EFERBOBRIETHS
TEREBELICH, i O XDE BRETEEY TR
TEHEOES I OWTCL Tt 5.
42 RHPEBRETABRLODODEREERYORSE
Fig. 10 X » COLD, EG 40, EG 80 it 1 EG
100 DEROEZXINIZERETH DN, ThbiehkT
CGA 45 R#iz Zn-Ni OEHEOEZIVPIWVEWD
ERPET . COBFBEIMKR E~DBSHM Zn Ho X
RO ARD EFENET LIRD S LDOX BB
BAfR7e < BB & 1313 F UEE CHIT T 548, A&/biEm
Zn HOF T THE, FLT Zn-Ni HOXinlkd
ROEBREEXERBTESLZEERLTV 5.

DT EHHERT o, COLD, EG 40, CGA

. Cold
{

A o -
x o

EG40 cGA45

i corr (A/cm?)

1 | 1 | i |

o] 4 8 12 16 20
Test period (cycle)

Fig. 12. Change in corrosion current density
icorr Of galvanized steels after GCT in a 5%
NaCl solution at room temperature with CCT
period.

Table 3. X-ray peak ratio of ZnCl,-4Zn(OH),
to ZnO formed on galvanized steels after CCT.

- X-ray intensity (cps)
Specimen C?T ‘ie"o‘j y P C= A
cycle) @ 7nCl, - 4Zn (OH)3| ® ZnO B
4 2 400 4500 | 0.53
EG40
20 3300 4650 0.71
4 3000 2 250 1.33
CGA45
20 3 860 2340 1. 65
4 4650 2100 2.21
Zn-Ni
20 5150 2240 2.30
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EG40

Zn-Ni

(a) & (d) 7 cycles, (b) & (c) :19 cycles, (e) & (£) :32 cycles
Photo. 2. Cross sectional SEMs of electrogalvanized steel (EG40) and Zn-Ni

electroplated steel after CCT,

45 B X Zn-Ni oW TEE 20 1 710 CCT
BIFOBEERD 5% NaCl BEHRCTT /) — Fi 1
Oy — FoBMEEREL, WEH S PEARSON OF
B XV BRERBE icorr RDI. icorr & CCTo-
4 7 VH & DBIR%Y Fig. 12 i3, o5 CO
LD, EG 40 35 Y 0' CGA 45 13 12 44 7 A —SETn
icorr T A CGA 45 13 COLD % EG 40 1~

THEEDEIPNEL Ieh. Fic Zn-Ni D iy DO
RNEZE»ORBRHF LB oclHAR LY 451 7
WCEDEEZRL, A4 2 VB TITE icorr THEK
L. L»L 20 44 2 A BWTh Zn-Ni D icop ik
COLD, EG 40 X1t CGA 45 oy 1/10 TH ),
Zn-Ni kAT 5BRERW B C RIFCERR
EEEHIEELTWAZ N b.
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Fo e bRBAFECAR L BEERYE XR
FEC X o B L. XEEHFAZ — v bizgi oy
— 7R Ehich, —BI Zn RHoX @R T
ZnO %EWAHETHBRER it~ ZnCl;-4Zn
(OH), %A &ET5 4 O »VER L BRI
ShBLEBLRTVLAEY. 22 THRHYEDOXES Y v b
BEPELFOE RO ZOfFERES Table 3 iR
3. Table 3 kv ZnCl,-4Zn(OH),/ZnO O X ' —
7 Cx, EG 40 /&L, 2wt CGA 45 L
7t Zn-Ni @ C FIEERXE ok, ZoOFERE
OxkADA B2 X 5B Zn fo Ni p3 Zn(OH), ©» ZnO
~NOBEEIMET 5 L OREC—HK LT 5.

ZnCl,-4Zn(OH), oKL LT, ZOBKE
EHENEL D HREOBSILERIGEIH TS 2 Lk
RLTWS EBBEIRTVSA, ZREDG T Zn-Ni
DRDP XFBEBREIEHODOEWMR I D /M2 &%
T BB T X Tno.

# ¢ CCT %4501 Zn-Ni oMiFE% SEM %X
" EPMA THZ UBREBRYDOERRRE D XBE
RRABE L. FORKES Photo. 2 iRT. Z0OF
BT HEH & LT EG 40 ofERL b URLE.
3 EG 40 wonwTHhBE (a) o744 7 LTk
Zn »o%x O kT Zn OFRAERY I ECHER L CHEit
WMROBERRKLE—THB. Ll 19 4 7 4Tl
(b) WRT X5 CBBRERYYMFCESE L T 58
2T O BRI B —Th B0, (c)DX
5 B BB SRR S HIHE U 2 BT il o /&
AN OT Wiz, i Zn-Ni o3 EG 40 L
FEDOEMTHD (d) D744 7 A THE—BRTH
B 82 4Bl (e) & (f) BHLM
IO RBEEBRDOBK~OEE T HMT LD ER
RV H—EE AR 5.

PO X 5 R D S EEEAERYOEBO M
WM~ DEEBECIREIKFEL TS EBbIS. &
EMETRTARTFELAUL, BEERDE R O B —
P, BT HRER I ERBT BB, ToOFM
COWTIEREF THS. LaL CCT B RESMER
i Zn-Ni BRERLEBEERYE EG 2 CGA

BRI WEWSIBSEABEIRL T L b,

Zn-Ni B LR ARERWII R~ © BEEN T
CHRTHBZ LEIRDEFBREENNIVE EDO—FHT
hHrEEZLRD.

5. B

PWRB LY Zn FHoOE@Ml o CCT 2TVWRHE

RBAEBEYRAND XREEIOBEMITIC X 0 BT L
7o BOWERLZENTAEUTOI 5k 5.

(1) @B IV Zn RDOXWROBRAND EBR
B 2EHEE ST (Gumbel 577) CHEL, TOE
BoEx CCT 4 7 AR BWRTHEIENELS R
5. Thbb, ROZXBREIONMAHKREL LS.

(2) RbHEEARZCCT gilcizy—BENEME T
BED, FRHHCARE—BENEFLL L.

(3) RIPEZBROBRIIM t; X Zn RDoEDf
B Xy KBRS, chiz»oxo@ElovbL
ArOFEMNBCEATEI OEEZLNS.

(4) 4 RoRbEHAEE X COLD, EG 3}z
ER% T, CGA 23 Thi/PE VA Zn-Ni 3x7kh
INEWEERT

(5) Zn-Ni o/N&RDEEREE X, ZnCl,-
4Zn(OH), #EHETHRBERDN ERTHI LS
X OBRERY O FHBMT~OBEEMRIN T ShTHB C
EHRL TS D EEbR5.
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