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To cope with the aging situation of many indispensable social infrastructures built in the
high economic growth period from the mid-1950s until the mid-1970s in Japan, life-
extension technique for coated steel structures, for example by repainting, is one of the
most urgent issues. Although corrosion of the coated steel is a complex process including
deterioration of the coating film, chemical reactions at the interface as well as inside the
plating layer and bulk steel, most of the current research is just related to highly
“workplace-oriented” subject such as composition of paints and the methods of repainting.
Therefore, in this study, comprehensive investigation on diagnosis of paint layer,
improvement of paint and plate adhesion, sacrificial anticorrosion action of plating layer,
and mechanical re-plating method is experimentally carried out for the purpose of
establishing widely applicable anticorrosion system.

The corrosion mechanism of coated steel sheets have been confirmed by an alternative
current impedance (ACI) method at the first as the fundamental basis for creating a new
anticorrosion system. The results clarify that the ACI of the coated steel increases by 10-
3 to 100 times by corrosion progressing and the ACI measurement is an effective method
to determine the corrosion under the coating layer. The results also reveal that the
corrosion resistance of the coated steel is affected by the barrier properties of paint against
corrosion factors such as oxygen, water and strong adhesion of the paint on base steel
surface, and especially the property of resin in the paint plays an important role in the
anticorrosion property.

The corrosion mechanism of the steel coated with a zinc-rich paint was studied by
analyzing the relationship between the corrosion of zinc in the paint and the coated-steel

surface. The results show that zinc hydrochloride is the main component among the




corrosion products derived from zinc in the paint and the products lowers the corrosion
speed as well as suppressing the corrosion reaction on a base steel sheet. In addition,
the composition of the steel surface tends to affect the crystal structures of corrosion
products. Regarding the zinc-plated steel, it was confirmed that an addition of other
metal elements to the plate layer affected the corrosion process, especially the direction
of corrosion into the steel depended upon the distribution of the additive metals in the
plated-layer.

The surface treatment technique for the steel surface were colloid chemically
characterized by an analysis of the surface free energy of the steel plate using the contact
angle method. The results show that the surface free energy of steel plates polished with
a zinc-plated steel wire brush is equivalent to that of the zinc-plated steel sheets. In
addition, it was clarified that improving the wettability of the paint and the adhesiveness
with the steel surface is effective by the surface pre-treatment and improving the
corrosion resistance after coating.

The post-coat corrosion resistance was confirmed to reveal the superiority of the new
anticorrosion system relative to conventional technologies. The results show that the post-
coat corrosion resistance of the steel plates was confirmed by polishing using the zinc-
plated steel wire brush and it was superior to polishing by conventional methods,
polishing a steel wire brush. This anti-corrosion property is based on zinc deposits by
the zinc-plated-brush polishing, and the corrosion product at the interface between the
paint and steel sheet. The corrosion product provides barrier properties against the
penetration of corrosion factors such as water and oxygen.

Considering the aforementioned results, the present study proposes that the
introduction of the sacrificial anticorrosion action of zinc and the improvement of
wettability of a paint based on the surface free energy analysis lead to further
improvements of the anticorrosion property on coated steel. A future challenge is to
determine surface preparation conditions during recoating that will enable both the
removal of the old paint layer and adhesion of zinc to the steel sheets. The results of the
future study are expected to improve the practicality of the new anticorrosion system

described in the present study.
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Figure 1.1 The percentage of bridges that are over 50 years old".

Table 1.1 Electrochemical series”.

Electrode reaction Standard electrode potential / V vs. SHE (25°C)

Au — Audt+3e” 1.50
Agite —Ag 0.80
Cu?*+2e — Cu 0.33

(H"+e~ — 1/2H,) 0.00
Sn?*+2e~— Sn —0.13
Ni?"+2e~— Ni —0.25
Fe?*+2¢e~— Fe —0.44
Zn**+2e —Zn —0.76
AP+ 3¢~ — Al —1.63

Mg?*+2e~ — Mg —2.37
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Figure 1.2 Schematic of under film corrosion.
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Figure 1.3 Schematic of barrier properties ; resin, pigment.
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TRBOBEPOSHEIT L TN D & EDEN E Z BN Ecor £V, 2D & EDJE
IR BEIREE icon THD. JEEEN Econ DT/ — RHMEIIH Y — N5
AR LT & TN D EBIMBEE I TON YT — R~ —AThHobb 5.

exp {aaF(E - Em)} exp {— aeF (E - ECOH)H i

i:ia+ic:icorr

RT RT

Figure 1.6 [ (1.11) L EAL E OBMREZFEAK E LTRT. ZOKEY T/ — FER
ia &Y — REWEE i ODEMREZ 2 — 7 c )ViEik & DLy, 20 OO ERRE 2
SME LT RSB E R EREE jcon & ERENL Ecor £ 725 . FHKERIZIRIE LR
BV — RGMICa LTe & &, 1Y — NEIREE i \JIXEN E ITEAF LR WIS
b, FHKRIED L 9 2kFA A U BEMRO KRR TPICRBIT 58EEED
71— R EEFE OBITCSUS N ER & 72 B0, JEEKIZ X D &R ~DOfEHE OfMLiG
IZIERADR S D, Z OB OERIE~DILEN T Y — R E LT 5 Z &1



5. ZOSHEDN Y — REMERE i 7 EAFESR OILIR S ETRE L % Lo, &
AThobbaInsg.
l-L02 _ nk'D,,Cop,
o

n XSRS E N D E I, Do TR HESE DILHAREL, Cox TN E TORATIE
FIRE, SIEBBORES, FIXZ7 777 —EHTH 5. IEBEDOIES § X3t
2R VAT DD HRGE FOILHEDOE S 51341 0.5 mm & fE SN TWD 2. J§
BAR D8R I ZHERE LIS IR R OIEBD I S Ve G 6, AT ER SR OJLHR R
BIREE L2 DNNSL 2D - DERHENME T 5.

Z DX DI REHRIC & & DAV BRI A ST D ke S — T = VAMEIE O L
W, BEIEEEZRO HNRENRITED —STH D, T, DWIEPIE 008 H 5.
ZDFIET, SREDPENRIEE, VERRIC I BB & B O BRI 4 — A
OIERNZ L7235 2 L ZFIA LT A O#EE HiETH 5.

I E TR EITSEROBREHE L RO D FHiEE L TR LR TWD D
LT UTOHI LY M BT T HIEDERZN A B =5 o AW NI EITEBED
PBALFHIICAVW SN D, ZHUFBEF OBSUZEDR, B RE TIER <A 4 1R8I
KB EDEBEZFIZHEASNTNWD., Ly b X T 7 ZIEITEFREIEOEN, R
ICBATT 5 & X O aRERG ZNET 5 HIETH 5. B L T HISHK O R ES D E
WEFIHLTEY, HEMRE» O BERFICBIREESEZROL LN TE S, |k
OB THFHMBIATRE Td D Z & RLRERFH NELN E WS TR D 5 6 DD, BLIK,
FRGEBI 3 22N T2 D FEM R UL DB IR RE 2 IEREICHNIE T~ 5 72 D121E, L £< o
FLRET — BB TH D, A v B —F o AEE, FHlxt RN U N 7R AL i B AT
ZEIINL, TOEBIEENOA v E—F o ZAERET D HETH D, LB AT %
152 LT, BERPTCBRA RS 42155 2 LN TE 5. Figure 1.7 (R EIED
SRS O — B & R 2, ReIXBBEARPT, RIXIAEIEPT, CHIBFEAETHD. 20
FAREIRE DA = X ZITEABE S, AR o, RRBOEENLj 2 W TIRATH S
DIND.

(1.12)

R,

Z=R +—1
1+ joC R,

(1.13)

Figure 1.8 |Z2(1.13) D B WA R 2 R — RRK OB & LRI, 2k v EfE
WEREIR DA &= F AN DIRRIEII R 2RO D Z ENTE B, £, KA EkH
WA —F U ANLIEEIRPL R L BIEIEPL Re OFIZ RO L Z ENTX H700,



BRI DA = AN RDTIRIEIRET R & DEEZR T 52 L T, B
BHLRZRDDH Z LN TED. I, RiA v B —F 2 AEIT K D BIESLEHm L i
IZBE L T IS016773-1~4 & L TE L5730, 1S016773-3 B LN IS016773-4 Tl
VATRHSHT R 1T BBBEHEHT Re & R L THRD TS Wb B TE 5L LT D, B L
VN VBT EELIIR O ASTRA v =X ARSI & LT <
NOIFZERTONTEY, ZOHEMERBD LN TWD. T HEE LT, AL
12K 5 tand 1£ DKL B K DIriu sl EEE B R_ESNTWD. £, FT
I, EREUCE RIS E O AT K0, FRE A B AR BRI S B T D A v
B AD R EARIFEEE T 5 X907, 2D, A v —F
ZE % MW T2 BIES LRI EMIC BT 2 2 < OB HE SN TS, & 2IE, &
] 32 5 1 X EER OG22 Sl 5 & U<, BB & BIFEIKHT Re OFBIIC OV T
FEMT ATV, BIEHGT RelC L 2 BIRSEHEDOF A LN LTS, il P56
1, BIIERC 3 K OVBUEE D H 72 5 iy RG2S 26t L TR A v B — & o RiEZ
L, MY X ORI & IEIC B JIF 8L, BB Re 2 AWV TRHRET LT
L. FEY51E, ~ 7 e Xkiazfth LB EAT o v AHiICR LT, BiESkIC e
5729 A =X U ADEEEARAEEIC OW TR LT\ 5. Zoft, HEE ko
AV E—F ALV BEOLCEFTM U= FF b A SND. 728 20X, KPEE
BRRREE D TIRE R EL 200 Hz~2kHz DA B — X AL BIEO L 257 -3 5 )7
EERBELTWD. Eio, B3O 5 3B H AR OB 2 x5 & LT, JEAEK
0.1Hz, 200Hz, 500Hz, 1kHz OA & —X A LHVHGHE & OBRZHE L=, %
OFER, M 01Hz DA E—F AL, PERAWV G T X 2B £k (200 Hz
~1kHz) DA L E—Z 2 2 L0 bBESEZ PR TE D EERH 5 2 & 2 H
HELTWD., B—AEED A B —F v 22 L 5 BIESHEHE A5 S 5 BRI,
FRASHREEY T 2 OB 5 SITEBAMEDN H D720 Th 5. BARMIZIZH —/E
W OA v —F v ARE T/ NS E CRRFICHEN T T3 25—, IREEERO
A V= APEITRELE E N RKAUE T DA S 0 EE O b DI REH 4 25
L. THHH—FEREOA =& AREICE T 5 E AT, xS E 3 5 5k
RDA = ADEW BRI E H SN COE L, EOREHEEOA v e—&
VANBFELLEREL TV DN EFFNICEEL TBLERDH D,
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Figure 1.6 Schematic of polarization curves.
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R Resistance of solution
R;: Resistance of coating film
Cy: Capacitance of coating film

Figure 1.7 Typical equivalent circuit for metals coated with non-deteriorated coating film?.
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Figure 1.8 Schematic of bode diagram.
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1.3 BFEDBHY

ZZETHEARTLEBY, IEFOBREMBEDIZBIT 2BEAFTEITHIS LT, Bk
g &Y OB AN T 2R TN TS, B & L THW SN D B
I3k 2 2B ORI AR S s & L bic, e S M - X Tix
<HEEED>ENEASh-oob 5. £7-, EIRMLEEOBREMEGEY CI1X, #K
FiTh o & RSP RERH Y, SSHICF0 EBICBESNIEAENH D 3. E
BATRE O BIESREE Y 1) B R T, SRR D o & BSOS R IR sk
L& B DRENEESND. 20K 5 E, WL/ DRy, Bk
FHMAEBICE TN AN CEME IR L& Ry % OB OR 1S A
WELLHKR, BENEITTLE20ND. LMLARBL, AT TIIBREIOK
R EHZBRIE U 72 03 2 TIRICIRE L= M3 % < 339D, AL EY OB &
SRR O BRI IS W C, B2 S THALEE, BREE To—#EO 7t X%k
BHITE D B 9 AT T4 TRV, 20 Z L I3EEOR 73 BR 5 Bk &
DFEZIH L, BN RN A2 T2 5 A CRIETH D, £ 2T, RUFETIE,
BIFEL Sy, 8 o X KT-3 K OB MR /A0 AL oD B > & ISR O I8 At 2 A0l
Bat L, RO RERIZE B LR AT AOHEEZ B E L.

1.4 FSCDOHERL

KA SCITHE 1 BENOE 7T ETHRESNTWAS., EEOMEIIUTOLEY TH 5.
1 ETIE, RmXOWEYE S, FEOHRICONTRRD & & HIT, RifEEE
i 5t LOVEINR e B R A IMEICT2 9 2 C, RO BE R LT,
F2ETITHH R Y AT MMEED T2 O I & U CEREESR O B O i B 1
BHF LT, BIEARERRT DRIERTICHER L, SIS OZERNBIEE DS DDA
IZBLIFTREZH LN L.

FIFETIIFE 2ECTHLNE LI BIEHR O SIS SV TEREHIE 2l
SVEYRICHEH L, FHE D DM RO A IC B LI T HELZ R LT,
4T TIIE 3 ECHRF L2 HliSh R S 13RO B 2 R R O Highd - X @&
XL LT, Highed > & BN ORMITHE OFEHC A IREE D B I LI T E
wARET LTz,

FSETIIEB 2EN O 4 3 THL IS L BIEHR O JE S L OJERED By
L Mg DR ORI EAEMIC T 2 ME R 2B £ 2 T, FHRE AT La0a 7 &
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72 % FEHFHEES AN 2 Gt LT, i > Y 1 v 7 7 & Vo FEHEHEE 0 2 R
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56 = CIINEREAN TR 2 BB B S 2T L OEAIEZ B & 02T 5 72 i B LE#
DOt E M % it Lz, BEZOMRMEITEE A 7 vl Bz WL, o
JE A 2 R AT & BRAELFRIEN G BE LT, T b OMEHE R b RIS
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52T RHEED DR 5 BERHIR TE L S BROS LR

2.1 ¥

CRACHIRE G S 2 BRASEARIY, ESR SN HMTHFEESCRIERTIC LY R,
5. & BICEBEHNICEAT LBBEOS LIRS, REREISERNTSERNFIZX
WD, ZORDMABIIIE T THIRBIER D bk S 2 BEREN S D.
M RPN TR & Y AT DRSS 5201213, 3Rk & A &K DR
R L TR LEN D 5. BREEK T oRIEERRIC L0 R e D - o ik
PR DI BRSOV TIH < B Z < OIFFE TN TV D2, ITFEDOHZE TILE
4 53k TR BRSO AR HE AR I L 0 b L T i | 2k U CREEAULFIE 2 VT2 RE
A3 S5 9. 2 b OFATHIE TIRBIEA L O 2 &85 A B — & o AET
BONTHJEEEOA = 22V TEHEL TS, L LARDB L, BIES
{LOHIEFRIE & 72 DBIMEDORRE HFIEIC OV TiEm SN TE 6T, A v E—F A
EOBEARFUCOWT MRS N RS TV ARVWATHERSH S . 22T, &
Z TSR & I R - DRI b B O I R 2 RIS F L, SSRA v
E— X ZEOR AL R ERE Lz, £ LT, MR omEtEzZm L5 9
A CHERRNTFEZHAOLNITLZE2AMNE L.

22 HiE
2.2.1 2B}

Table 2.1 (271”5 4 FFHOBIEGURL 2 /ERL U 7o, AKPE= AR % SRR S K2 A0 U780
B R A, HTET L RBIIREREN A B4 L 7ol 2 33k B & L7, T&Y
ELUTAKMEEET RS UBIREE 2 A L, BB ELTKETZ Vv L ¥ R
R AT LTS 2 sk C, B & LCTKET 7 U v ) o U IR SRR & B
L7 Stk 2 325508 D & L7z, R ESAR  (SPCC-SB, 150 mm x 70 mm X
0.8mm) & L, BIEFE A, C, DI, @itz 7 /v U iR, 3 mass%HCl TEEVEE1Z,
N—a— MEZI D SFBE 2 3Am Lz, BEEE B 1X, (k) IPS.a—KRL—i =
Whobt &, #RET VD) BNE, AT —APEE%R, =7 AT L—EL 0 BEZ B
L7e. SRl ot OREIXEM AR () 74 vy vy — A A RV A
VBT 4y vy —Ra—7 MMS) CTEFLL, BIERE A 1363 um, BEEE BT
46 pm, BWBIEFEF C X 56 pm, BB D (X 56 um & L7-.
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Table 2.1 Coating sample for accelerated deterioration test panels.

Coating
Undercoat

Sample A -
Sample B -
Sample C Water-based epoxy resin paint (37 um)
Sample D Water-based epoxy resin paint (37 um)

Coating

Topcoat
Sample A Water-based epoxy resin paint (63 pm)
Sample B Oil-based alkyd resin paint (46 um)
Sample C Water-based acrylic-urethane resin paint (19 pm)
Sample D Water-based silicone-acrylic resin paint (19 pm)

2.2.2 G EARERBR

R Rt & U CHRKEERER (SST), fREMMEMERER (SWT) B LS A
7 vikBR (CCT) %33 L7-. BEEREHCAE U2 BN A SSTIC L W FH L, %4t
Uk 2BFESZ SWT ICE D HEE LZ. & O ICHBERICEREICB T 2 BES{L
BT 5720 CCT ZFhi L. 7ok, BEEERBROGN LT £ TORIZ, &
FRB A EERY L, &I EZITo7o%, HERBREICE L.

SST | X A A akBakk (kk) B CASSER-11L-ISO Z HW T JISZ 2371V E STV D
PRBR SR HE U C 5 L7z, MEFEAWIE pH 6.5~pH 7.2 @ 5 mass%NaCl K{EHE & L,
PR DR L X 35°C IZRRE L7z, SST CTOMEFHEIFR]Z SSTnh (n IXHFfH]) &R LA
RAEGURH I ) U 72 SRR RE R OB, B 2E508E B 13 SST 375 h, B 4E50kF A 1% SST
805 h, HWEEFE} C 1L SST 898 h, HIEFAKI D ILSST1114h & L7=.
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SWT (T A 7 #kBak (FF) #S-80 % FVTIH JIS K5400)(Z HLE S 41T 5 skl 51
ICHEC CSEM L7, eRENI I — R 7 — 27 4T e L, B 255 Wm 2 (B & 300
nm~400nm) TH 5. 77 v 7/ F/URE 63°C, KOWESHT 120 MRS HIZ 18 43
MMEH L7z, SWT CTORERFFMZ SWTnh (n (XB5H) &R LABERBHCER L2
ARBRIER I IELS, BEHURE B 12 SWT 2896 h, B¥EEC, D IX SWT5905h & L
7= BB OFBITKT L TA v B — & v A F IR RO T A A2 20,
—EE L 7o TR R TRBRZ T L7, SERE ORIEIT JIS K5600-4-791C 7 U T S
L7z, JREOHEMAEIL 6008 L, SWT ilBRETZIZI T 2 EIRE O s b IR EE
FasR, WEDE, BEREALRGE (AARBEATE () ®VG-1A %) v
7o, F70, RmIRIZIEER =R oeH 6 SFF (Bruker fH5 WykoNT9100) % H M-,
HEHRL, BEEENTWHR (OMEE 1 nm), ¥ L2 AERIL 20 5 (FEH
PH 314 um x 236 um) & L7-.

CCT 1Z A Hiklpik (k) % 1SO-3-CY.R % fV T JIS K 5600-7-9 fff @& COIZHE &
NTNEHA 7 A ICHETTEE L. T XTOBREREHIR LT, AilEE LT
SWT % 60 h{T>7-1t%, CCT %3k L7z, RERBRSME, HKEZ T2 RN
IR 35°C T 2h, Mg TREZHRBMEANIRE 60°C, FHXHEE 25%RH T 4h, WiH TR
% A BRFE IR 50°C, FAXFEEE 95%RH T2h & 1 %A 7 & L=, CCT TORBRYA
I NV CCTn YA 70 (nldIA 71 8) &R LABIEARHIEM L7 B 1 7
JEITRWIRIZ, BEESUEE B IX CCT 175 1 7 b, BEEEUEE A 6 LU EEEE C 1
CCT 336 VA 7\, @IERE D X CCT398 A 7 iR L.

223 A v E—F R

Figure 2.1 (2423 > &= L AEORAX 239 — M, MRieERiRz
Sl L7 A BERBHI B 1T 51 > B — & 0 A D REBURAEITERULFERE S AT L

(Solartron # SI1280B) At L TAZHA v E—F L RIEICKLVHIELZ. 22T
HEGHE TORYFWDORS S A2%5E L TSR (Reference electrode) 1AWV, X%t
iz (Counter electrode) & L CHAA v 3 = Bk, EMM (Working electrode) & L T#4
wALEBE A AW 2 EEfRiE & L7z, BEARIRIT 5 mass%NaCl KisiR (W rfeSRfofn) %
A LT, SR THE Lc, HIERMIIRFELRE 10mV, fEEHE 0.2s, HIEE
P REME LA 78y NEMIZOV & L2, £72, N 120mm x40 mm, & S 125
mm, HJE S mm DT 7 VKRR OB L Z R
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Counter electrode (Pt)

PC

Electrochemical
measurement device

5 mass%NaCl

electrode

Figure 2.1 Measurement method of AC impedance.

2.3 FHR
2.3.1 HEKMEE AR
Figure 2.2 [ZEBEEHUBF A O SSTHRAMIZ & ©72 9 A B — & 2 X L A7 2 D JE I ik

FEZRT. A =X ADEEERA TR BB LV B2 D, 102 Hz~10* Hz
TIHEEEPME TS DI Lo T v E—=F AN L7z, —J5, 1072 Hz~10°
Hz DA VB — & 2 2T FREARAEVEDNT & A LR Do 1. 2 O R EURAT
PED 7oA B =& 2 AT SST #REIZ L7z N » TR F 9 DA 27~ L7z, SST f&itdic
KT DA = AOK AT SST Kl L 0 #72v, SST368h £ TIL SSTOh
ELER LT 1 HERIE DK F T 7278, SST434h TIX SSTOh & ki LT 1 #7Lh o
KFRRO LN, £, MBI TR RO b7 RBRIFHIL SST 368 h T
B o7, Figure2.3 12 SSTIZHITS 0.1Hz DA > B —F 2 A Zf=0.1 Hz DFRIGZE( %
AT BB E b, BB ORIEIZ L7235 T Zf=0.1 Hz 2ME T D[ &
;< L7-. Table 2.2 [Z3XBRAT & %éﬁ%ﬂé’%fiﬂ%ﬁ RO oI ED Zf=0.1Hz %
Y. AMBBIE CRIEI AR DL BERIE R 1, BEEHUEE A 13 SST 368 h, &%
BB 13 SST237h, B¥EFE C 12 SST346h, BIEFEI D IZ SSTI161h TH-7=. 4t
BIBEIZ L > TBEEN SR bz & X, Zf= 0.1 Hz [ Z3R8RAT & Hef LT 1~3
KK T L7=.
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Figure 2.2 Absolute impedance profiles of steels coated with epoxy resin paint (63 pm

thickness) after exposed to salt spray (5 mass% NaCl) for different periods.

21



10°
108
5107
S 10
N
= 10°
S 104
Il
“~ 10° B Sample A
N 102 L] Sample B
. @ Sample C
10 O Sample D
100 N 1 N 1 1 N
0 300 600 900 1200
Time /h

Figure 2.3 Change in Z f= 0.1 Hz with expose time in salt spray test.

Table 2.2 Change in Z /= 0.1 Hz with salt spray test by AC impedance method.

Zf=0.1Hz  Zf=0.1Hz /1 1y (After SST)
(Before SST)  (After SST) Z /= 0.1 Hz (Before SST)
/ Q cm? / Q cm? T2 Belore
Sample A 1.99 x 108 4.09 x 107 2.06x% 107!
Sample B 3.77 X 10° 4.23 X106 1.12%x1073
Sample C 6.65 %X 10° 2.35%10° 3.53%x 107!
Sample D 2.18 X 107 1.53 X 10° 7.02%X 1072
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2.3.2 {REmHMee R

Figure 2.4 |Z SWT (Z51) % Zf=0.1 Hz O#RZ2 LA ~7 . BB B @ Zf=0.1Hz
IZ SWT 449 h £ TITH 100 Qem? Z#ERF L T 5728, SWT 833 h #%121349 107 Q em? &
20, ZOB BT oMM 2R Uiz, BEEE0E C, D IE, SWT 2000 h f#iif £ THJ 108
Qem? ZHERF LTV D23, BEERE C 1L SWT 5905 h #2128 10°Qem? & 72 1), B
EFD 1% SWT 3219 h #1249 10° Q em? & 22 o 72, WP OB EEEEL & BRI R o 88
EE BT, Zf=01Hz [HME T T AT H - 727, BEAS ST —URO b
Nl

Figure 2.5 [ZCRERFFR ORI E(L A~ T, BEEECEE B O GIRERFFERIT SWT 449 h
BITIZ20% FE TIR N Lo, —J7, BEEEUEE C, D OiRGRFFRIL, SBRBAMAER LR
PR F L7223, SWT 1000 h LARRIZFE O IR FEm A2 7R Lz, ZOREEN S, Rk
I OREIZ & b 72 9 IR & Zf=0.1Hz DK FHEENIT R E < BV, SEiREREE
KOBTFNE T F -8, Zf=0.1Hz DI TNRD SRS T TH D
Z &M o7, Figure 2.6 (2 SWT & T2 OWILGARIR IR A2 HIE L7/ R 2 7R
T WTHOBERE O RAEICY Ty 7 RREL TN, 77y 7 ORRESIE, &
LESEE B 1E 10.50 um, #EEREF C 11X 5.75 um, BEEREI D 13625 um TH o 7.

101 :

10° O
‘& 108
O
a 107
N 106
= 10 ~oo—
S 104
=103
N 102 [ ] Sample B

| @ Sample C
10 O Sample D
100 . 1 . 1 .
0 2000 4000 6000

Time /h

Figure 2.4 Change in Z f= 0.1 Hz with expose time in sunshine weather meter test.
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Figure 2.5 Change in gloss retention rate with expose time in sunshine weather meter test.
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Sample B (SWT 2896 h) Sample C (SWT 5905 h)

Sample D (SWT 5905 h)

Figure 2.6 3D surface topographies (314 um % 236 um) of steel plates of which surface area

coated with various paints after sunshine weather meter test.

2.3.3 HEY A 7 LVEBR

Figure 2.7 |2 CCT (281} 5 Zf=0.1 Hz OFRIGE L2779, W o@EREs, o
AT NVBOEIE & HIZ Zf=0.1 Hz 13K T3 2 %7~ L7z, Table2.3 [ZFERATD Z
f=0.1Hz &, SMBIBIE CBIEI £ 72 iéo\znmh WENTZE XD Zf=0.1Hz Z7R~7.
SMRBIEL TR O - OFBERE A, B, D THY, BEFNANED L
iz A 7 VUL, BEEREE A 13 CCT207 Y1 7L, IR BIX CCT143 4 2
S, BEEREN D 1X CCT276 VA 7 v Th o7z, BIERE C DA, SONFEAE LT,
BEENARBELTEY, SVORENBO NV A 7V HBIT CCT8S A 7 /LT
bol-. HMBBERIC LV BEIENE XS VOCORENRBD LN & X, Zf=0.1Hz X
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FRBRAT & I U TR 2 M ~4 MK T L7, 720, MBI CBIEN 721X S OHGR
DB EY BEING Zf=0.1Hz MEF LTWDH DI, SMBEBIE CIXHMICHE TE 220
DT IR BEINC S ODAE U TV rTREME 2R3 5.

101!
1010
10°

0.1 Hz/Q cm?
S 2

O

N

2.0
e \Q\ \O,O-o\

T ¢90-g

105 ~‘\‘\ O‘
I 104 ‘“'=.*.:‘
NN\ 103 B Sample A u

102 [ ] Sample B

| @ Sample C
10 O Sample D
100 \ 1 \ 1 1 \
100 200 300 400

Cycle number / cycles

Figure 2.7 Change in Z f= 0.1 Hz with expose time in combined cyclic corrosion test.

Table 2.3 Change in Z /= 0.1 Hz with combined cyclic corrosion test by AC impedance

method.
Zf=01Hz  Zf=01Hz o | 1, (After CCT)
(Before CCT)  (After CCT) Z /= 0.1 Hz (Before CCT)
/ Q cm? / Q cm? /= 0.1 Hz (Before

Sample A 6.30 X 10° 5.15%10° 8.17%x 1074
Sample B 9.73 X 10° 1.92 X 10° 1.97x1074
Sample C 4.62 X 107 8.55x10° 1.85%X 1072
Sample D 4.79 X 108 9.30 %X 10° 1.94%x 1073
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2.4 B

BIEOLEHE & L TRA v B =2 v Rk WA 5E, SAhE BT 7> 5 G5
P Ry #H M T 256 ERERBERICB T 24 v E— X A EAWDIGERD 5.
Figure 2.8 [Z B BHRHT Ry, BIRA & Cr, TRIRIEHT Rs TR S NIZBIE T RN AT T
UNTRUNEREESRAR DA B 23~ 9. F 72, Figure 2.9 [ZBIEHHT Ry, BIER & C,
FRIRPT Rs, BATBEMEDT Re, BR _EEAE Ca TR S V2B NERNRAE L
7o BHEG I DS [E] % & 7~ § % 9. Figure 2.10 (Z Figure 2.8 O%5:fffila] ¥ %2 v C B 5
BEHR DL SHTBEITBIT DA v E—F 0 2 L FZED BB EE 2 3 L
oK% ~d. F£72, Figure2.11 (Z Figure 2.9 OB 2 W TEBIEHHT Re D AL
LSRG EITBIT DA B —F U R LN ZE DR BURAEME 25T LT R 2T
IO OFHERR L BERG R HMEEEHESICH b b s Z e Rbnb. 22T
IXBIEO BB 1T 2B O EDO & i MRt SR E LTEY, BEETIC
BT 2 FHHIR O IE RS, Wb HBIE TIEREICOW T 722 & 2> b A=
IR I T O TR RSO v =X A LT Zf =01 Hz 25 Z & il
. £, ZOFEOZEHEIZONWTELET L. B0 (A v —F 0 22 B
A DfEEE L L THWAEE, 01HZIZB T DA B —F U AOEMMENTER ST
WD 10 L LD, BEROBERE L & 2 THOWBRERE TR E O RN e
D8, BRIk A EEGE A T X 20,

ZF 2T, T2 THOWBRERE 2 BB o FIEICE A FTRENE N E REET 5. Ffigt
B TR 72 Figure 2.10 & Figure 2.11 (25 1) 51 > B — X 2 2O BB A7 % Hrik
T5E, £79 10°Hz~10*Hz (TdH & O D FREKAFAED I A o B — & 0 A TR
BPLRTH Y, i A v B — & U AEIZB W TCHEBMEOEWEMRIR ZEH Li25E,
WA TEHIZTE/NESVEL 25, RIZ 10" Hz~10°Hz 125 &b 2 BB EED &
HAVE—H U RAIBERE G TH Y, BIESHLIZ L bR WBRFIIKBRAT S Z
CICEVBERE CGORELRD LT, ZORBEERDA & —F 2 ATEN
AL DR, EOEMITNS S BIESILOFEIET 5 DIXREEE < d .

Figure 2.10 T/% 10 > Hz~10°Hz, Figure2.11 T/X 10 2Hz~10°Hz |Z& H i 5 JH
WHBURAFIED IR NA B — & 2 A TEBEHPT Ry & IRIISHL Rs OFICTH v, BIESH1L
& B RWBBEHE ReDME T 45 2 & T, ZOREREERD A B — 2 ANE T
%. %72, Figure 2.11 T/ 1072 Hz~10 2 Hz TH b b D AWK GO H 5 A
E— X A FEMEBICHK L EEBER _EHEAE Ca ThdH., RHERICHKT5E
MR EN T Rec 1S OITARJEIR A EIL TR S D . —ARICERIEHIR O F =& 123
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T &I FE A ORPNEIRIE, BATBEHRHL Ra> WBIFEHNHT Re> IRIIRET R, X
HEAE Ca>BIFRRE CGTHDHID, [ E—F 2 ZADEPREARLED & 45 0] 1 5
FEHEHTE D, 728 20, ®EEGEE TR KA D 2RV A B — 2 A3
R EnIUE, ZOEMOA »E—F 2 AIERIRPL R TH VO, T Dk, &R aEk
2> DAKJE I A5 Ik ORI S A AT U7 & & I RE I AR TR S 2 R Bk A
DIpNA » E—F o R TERIRHT Ry L BIEIEHL Re OFITHH. £ LT, S HITEAE
WAk E CTER L & ZH O DLN D EEBURFNIED A B — X 0 A, IR
HKPL R, BT Re & BATEENEI Re ORI TH D EHERITX 5 Y.

T L EESE X TR THER LA B —F 2 2D ERBUEAFTEIZ DWW T E L
T 5. KWIECTRIEA B —F o ZAOHIEIZ W T BRI 5 mass%NaCl /K T o
52 ENDIRRIETL RITIEA TE 51X E/hS V. Figure 22 (TR LA v E—H A
DJERPEARAFIEE 2D &, WP Rs & & 2 DD AR BURFIED IpnA v B — T
AV SN TR, ZHUIARBFTRIZI T 280 A > B — & 2 A ITE O J& i Fti B
WIRNT=O T D EFE 2D, 10'Hz L0 & & ERBERO A B —F U A Z R ET S
I VIR R DB SN D EE 2B, 100Hz~10*Hz 12 b b5 &
BUKGFHEOH DA v E—F U AIBEFEE G THDH EEZ 55,1072 Hz~10*Hz O
[ T H Db D R BURIFENTZ & A L7200 A B —F L R XIRTRHCPTRs &
BIEHPLReOFITH D EEZ HND. 10 2Hz £V HAREREEIC BV THE AR
ICHR L7 ER EHEA E Ca PEMBENEST Ra DB SN D FTREERH DO,
ARV F51T D I E T8 B FHi P I 2 OEMIEERR D HivZe . T b ORI FHE RS F
& FEPFER OISR & & HIZ, AR THWZBEREHILH S TW 2 HRE
BtCh o BHERITE B TH D Z L, ZHA v E©—F 2 2 REOBMIIL 5
mass%NaCl KIEHK CTod 0 HEMKIER TH D Z &, RiiA v B —& » ZHEORIEJE
W EF PRI TS Tl AV STV 2 B 2 D ERIRRETH DL Z LD,
FEHFE R TR0 ST HPEARTFNE D 20 A B —F v AT BB RO ) % X
L TWDHEEZBND.

AHRBET OBSLENERETIEIRA T VBETHL L35 L 9, B
R DR FIXBIEDERR ot 2HEEHEDIKR T THL EEZOND. ZDOBZITH
S &, BEMRICBIT AT MR T35 ERERE, KLBEZEOF R 17
BFEPICRE L, BIEOFF OB ER I T 2BWEME T L2 2 LITRIS LTV D
Z L2725 9. SST232h TILSSTOh &bk LT 10°Hz~10 2Hz DA B — X 1
MOTNIET L TWD S OONBBILE CERIEFZNABRD LN TN RNT LD, B
AT NaCl KR 2NZ%E LTV D S O DOEHBAR DOIE BITHA L TORWATEEMED
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B\, SST 368 h TIL SST 0 h B L TN SST 232 h & kb LT 10° Hz~10"2 Hz DA >
E—H U ARSI HIE T LTS & &b, MBI TRIEZNDFED vl 2 &
5, BIEFIZ NaCl KK DN =T L 32 HSHIAR OIS &3 F8 4 LU T- wREMEDS V. SST 434
h TiX, 10°Hz~10 2Hz DA ' E—F U AR H/NE L, B CTHBIEEI N RD

LNTZ LD, BIETOFRMBRPIEET 52 & TRENRKREML LiFonzz
ETCRIFENHEE LR b 5. BIRAEIEE L& T, BERICLY —FE,
NaCl /KEEE2N=% L= fER, 10°Hz~10 2Hz DA VB — X AN/MEZ R LTZ L
#2234 5. 10°Hz~10 2Hz TH b O D JAEEIRFED 720 A B — & 2T RBUAK
AKW%L,@%%W@ BARAE & B &I LTV D ATREMEDS . TERAFSE 108 & %

LINDOBREHERN SRANNHEET LT Z f=0.1 Hz »BEH(LEZ/RT 2O fIE
kbfﬁmf%b ABFFEIZBNTC Zf=0.1Hz Z W5 Z L34 THDHEERD.
Fo, TITEHEEIA IZOWTORBE—EERO A o v—F 2 EBES{IZDONT
EtL7edy, 3EHA, B, C, D OWTHHILHAREEZ AW TE Y EE S R
ThHhdrZEnn, BB, C, DIZOWTHRROETTH D LB 2, BWEHTH -
MERESy & TEER T ORIRIZOWTUTO LB E825d 5.

—RRI7R B RRE FIZBWTaBIT, K, BREFDRERFOFIEICLVERET 5.
B, T O OBRR T 28REREN LT 52 & T, FHEELZHREL TV
BRI 6T 2 MR RN S O D, BRI 2 MWL m W 2 & E STV
% 10 Zofh, BEMRKOMMAENMEIZE > TEERN L LT, MEERHTONS.
Mt & & AT EMEORRIL, @IE & RSO AIEMN, BIE FICERESNDT L H Y
é%%@ﬁf%@ﬁ IZA T DNERIS B IS 7. BEMKOBILIZLLTD X 5

THERERTLHEZEZONTWVD. JERETFDBEEMEOREICET S &, EXbFK
FSthDY/~F%B&7U/~FﬁB7D>$LEZ) ZLTT /= REISIZE B9 SR H
V— RSZ & B 729 NaOH O AR , BN ET D D, A v BE—4
VX%Kﬁﬁéﬁ%&ﬁﬁﬁf%bEﬂém#&Ai WEIZIRE LK, BED
BENoxh+ 28HitEE2 R L T0H EEZ LN TS 1,

SST 2BV T, FMABIE CEIEENNAFED D £ TORBREFMIT, EWIEIZ
REFA, C, B, D Thote. Zh &b, BERE A BNKLMEMEICENL TN D é:#lnz
TE 5. —JF, RBRAETO Zf=0.1 Hz Z X0 T % &, @3B B, A, D, CD
EIZ KR E W, BERE CICERT 5L, BEEHE D &k LT 2 5L EoFRERIREH]
B2 B2 MR LTV D23, Zf=0.1 Hz 13830 D & il L€ 1 AR B R .
N E VARREZ Zf=0.1Hz NMEWEATH, LWIRMmEMEICEN LA RNH 5 2 &
NDIND.
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BEEIAIC BN T, BIENEIOKCIBEENZE L, FHSRICEEL TH, B
& SEHERAR O SIS NZEBRICKSCEIR E MR AT 5 2 & T, 13 U o THEHSHK O &£
WA LT RERE L CTBENANAE LD ERESNTND 20, iz, BIE L ik
DOFRENP N2 22BN 72 <, BRIAEMEZ A L0 28I, imatticEns
EEZBND. ZDX OB ZRTGE, B C TIIEER I3 2 HElrERE )3
o 7o T DAY Zf=0.1 Hz (3R MEZ 7= L7228, IR & Sl O 5 M AL T
W2 T2 O EMEIIMOFE L i L CTRF THh 72O TIER W EE R D,

RIZ, SWT (28T 2 @Ik & XL FRE D BRI OV T~ 2. BIEIZ 300 nm
~400 nm DR OISR A RS2 &, BIEA T 2 BIIE O ES A D T 5 7=
W, BEERBNSHENETT S . HL, EEOZXALX—L, ZOXRHZH
BIERHE R O OEE TR NX—DORE XTIV E D, BIERE B 13k 7 4
NEEZMT Va—L e DRAEIZEVELNOMIETHY, ZATAFEEZA LT
%2, BB c v LA USRS EARL, BERE D kv et UEAEALET
7 UNBIIRRIETH D, v ax UG AT 5 Si-0 1%, C-C % L THAT X
NXF—=DRE W=D, MHEMEICENLD 2. X BOEE Tk (X-ray Photoelectron
Spectroscopy; XPS) Z#HW\\T, BERmIZEBIT HILFHEEOREELZ ST L, BIEOS
{LIBFRCTHANEIZ SO TORMET B T T\ ¥, Z ZTiX, Zf=0.1Hz & F@HEIk
OREFRERD D, (EEMHEERERIC I T 2 BEAICOWTELET 5. KBRERE D
SWT IZ & & 72 5 JLIRIRFFR DN T, MR ORSHZ L0, BIEKRER S L, Hik
Bl THhDEEZLND MW, 2 LT, BERENT X o TRIRIRFEFR O T M
NEZ2 DO, FBERE O T 2R F OB E TRV —2NE ) 172 L LT 5.

Zf=0.1Hz & CRIRFFROE TEMIIRE S B> TV Z &b, A v BE—4
YABEIZ R o TBIEREOHICE b ) M kA RE T 5 Z LIXR#ETH S, L
LG, WINoBERE s, BB TRIZIZZ = 0.1 Hz 2% 10° Q em?*~10° Q
cm? L 72572, Figure 2.6 OFREIRERIEN S B ER 572K Sum~10um 7 7
v 7 BEREFREICHA L CWAIFD Zf=0.1Hz 1%, W oSS & P1E & ik
LT, ITHUEETFLTWE, BERE C, DIX, BEREB L L THRA= R
F—DREWMELEEEEZ AL TV, RIMRC L 2 BIERE oSN ETIC
<L, HRBFFROIL TR 7 v 7 ORENVIehoTztEZBND. F12, 7T
T DIEN DI T2z, BEFENC, DICB T2 EBREIO Zf=0.1 Hz OEI,
BAEEL B L L C 4 BU EORBRRFMER T BN 5. LLEDOELE)
B, SRR T2 B LR AT o DARMEMEEMERER CTlk, BLIEHNRER m O M mE L3 LT
L, RO 10%~20%ZET ARSI DY T v I BEUTSGE, 77 v 7 hbKkOimHE
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DG AR F-DNBIENEICIRE LT Ro iR, Zf=0.1Hz NAMMIZIK T L7zD
TIHRWNEEZD.

CCT % Elfithk, IMABIETHRIFELINRDLENIZEED ZF=0.1 Hz 1%, BERE
IZR Y R oTWe, £z, HERTED Z f= 0.1 Hz DR TR B IR K 2 HikR> T
7. ZD7, Zf=0.1Hz 7~ b @IS OB 2 W 2 HE T 255, Zf=0.1Hz
OHBERENRNETHDL EEZXDLND. £Z T, Zf=01Hz DZ{LRIZEFEEH L. =
T, 2{bFEE Zf=0.1 Hz OFFES EEFR L, Zf=0.1 Hz Z BRI T 7
HZ EIZEDERDT.

Figure 2.12~Figure 2.15 (Z CCT (2817 5 Zf=0.1 Hz D bR Z55E L= R 2R
. AMBIBLEL THEDFE O DI RRBRIFFE K 0 AT, Zf=0.1Hz OZ{bRN/E e
TS T enbnsd. BEREA TIXCCT 114 ¥ A 7 LT Zf=0.1 Hz DELRNE
TN e D% LT AMBLE: TBIES LT O 5= dD1L CCT207 %A 7 /T
otz BHEFE B TIX CCT 114 YA 7 LT Zf=0.1 Hz DZALRB Y o |25
DITxE LT, AMBBIEE TBRIESEDRBO NI DIX CCT143 A 7 Vv Thol-. Bk
B C TILCCT 64 B A 7 VT Zf=0.1Hz DELFERE 2 |ZiE SN =Dk LT,
AL CBRIELL RO HT=DIE CCT 85 A 7 Vv Th-oiz. BiERE D Tk
CCT 175 YA 7 VT Zf=0.1 Hz DELRNE 22T SN =Dt LT, AMEEIET
BIELL RO HTZ DX CCT276 A 7V Thoiz.

ABUBIE THIEDRRD HILDANT, ZAEENRE LT L TWDHN, AMEIEIE TS
LR BT, ZBALROEEMNT L A Ela. MBI THILNRD BT
BILIRE, ZALRMNEEAE—ETH LD, ZOHED Zf=0.1 Hz DHALESY DI % X
L TS 7ol EZXbND. —T77, SMIBIE THILDRD B D LRI (bR
RKELEBH L THDHONE, MEICKEND Zf=0.1Hz 28, RBREHN Z & IC® 257
DIEEEZLND. Tihbb, BENZERIZELL TR, BRRIENRET D
L LV ORGBRENDTEEICERINTE 6T, JIE D &I2R72 512 EBRKK % 8
WL TWDIDTE L HERT S,

U EDOBES, Zf=01Hz OZLRRE 0 |Z 3T —E Lol b &, 44
BETITHETEXRWBEOLLZFRNCRA T D AREMERHD. 202 &1L, Zf
= 0.1 Hz OZLRENBES L Z RINCHET 2720 DEE S L TOAMEL R L T
HEBZD.
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R, Resistance of solution
R;: Resistance of coating film
Cy: Capacitance of coating film

Figure 2.8 Typical equivalent circuit for metals coated with non-deteriorated coating film® *).

R Resistance of solution

R;: Resistance of coating film
Cy: Capacitance of coating film
R.: Charge transfer resistance
Cy4: Double layer capacitance

Figure 2.9 Typical equivalent circuit for metals coated with deteriorated coating film® *).
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—— R;10°Q cm?, C; 10 uF cm ™2, R, 10 Q cm?
....... R:105Q cm?, C; 10 uF cm 2, R, 10 Q cm?
............. R:104Q cm?, C; 10 uF em 2, R, 10 Q cm?

R B A AL Bt Bt
R=10%Q cm?

107

10° Ry= 105 Q cm?
5 10% fp-----e7) R;=10*Q cn??
a
N (L] 'SE— N
0}
g 103
o]
2 102
=
10!
100 NPT EEPRTTTY EEPEETTTY EEPEPTTIT EPETITY BT
10731072 107" 100 10" 102 103  10%
Frequency, f / Hz

— R;10°Q cm?, C; 10 pF em 2, R, 10 Q cm?
------- R:105Q cm?, C; 10 uF cm ™2, R, 10 Q cm?
............. R:104Q cm?, C; 10 uF em =2, R, 10 Q cm?

Phase shift, 0 /°

90
10731072 10°" 10° 10" 102 10° 10%
Frequency, f /Hz

Figure 2.10 Bode plot are calculated from the typical equivalent circuit in Figure 2.8.
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— R;10°Q cm?, C; 10 pFem ™2, R, 10 Q ecm?, R, 107 Q cm?, Cy; 100 puF cm ™2
= R;10°Q cm?, C; 10 pF em ™2, R, 10 Q cm?, R, 107 Q ecm?, Cy; 100 uF cm ™2
------- R:10*Q cm?, C; 10 puF cm ™2, R, 10 Q cm?, R, 107 Q cm?, Cy; 100 pF cm 2

107
R:=10°Q cm?
106
o R:=10° Q cm?
510° R.=10* Q cm?
a = cm
N 107
S
£ 10
e
2102
E
10!
10° NPT ERPETT BT BRI BT BT
1073 1072 1071 100 10t 10> 103 10%
Frequency, /' /Hz
— R;10°Q cm?, C; 10 uFem ™2, R, 10 Q ecm?, R, 107 Q cm?, Cy; 100 puF ecm ™2
= R;10°Q em?, C; 10 puFem ™2, R, 10 Q ecm?, R, 107 Q ecm?, Cy; 100 uF cm 2
------- R:10°Q cm?, C; 10 pF em 2, R, 10 Q cm?, R, 107 Q cm?, Cy; 100 pF cm 2
0 BN LLL B LR AL L N L Ll BB R R L BN R ALLLL BN R AR AL B AR AL |
| Ry=10°Q cm?
R=10°Q cm?
° 30k L Ry=10* Q cm? .
- -
&
7
O
260
A~
—90
1072 1072 107" 100 1ot 102 103 10%
Frequency, /' /Hz

Figure 2.11 Bode plot are calculated from the typical equivalent circuit in Figure 2.9.
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1F §Zf=0.1Hz—0 .
114 cycles

AN

Deteriorated coating film
207 cycles .

§Zf=0.1Hz X 10°
(]

—2 . 1 . 1 . 1 .
0 100 200 300 400

Cycle number / cycles

Figure 2.12 Combined cyclic corrosion test exposure time vs. rate of each Z f= 0.1 Hz curve

of steel coated with Sample A.

W
I

0Zf=0.1Hz—0 7
b 114 cycles
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I R

Deteriorated coating film
143 cycles -

5 Zf=0.1Hz X 108
(e}
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- 6 2 1 2 1 2 1 "
0 100 200 300 400

Cycle number / cycles

Figure 2.13 Combined cyclic corrosion test exposure time vs. rate of each Z f= 0.1 Hz curve

of steel coated with Sample B.
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L i
S | 0Zf=01Hz—0 1
> 1 64 cycles -
N
n
S
I
K‘N\ 1 Deteriorated coating film 7
“w 85 cycles T
J— 2 -
3 . 1 . 1 . 1 .
0 100 200 300 400

Cycle number / cycles

Figure 2.14 Combined cyclic corrosion test exposure time vs. rate of each Z f= 0.1 Hz curve

of steel coated with Sample C.

i 0Zf=0.1Hz— 0 A
175 cycles -

0Zf=0.1Hz X 107

Deteriorated coating film
276 cycles

_ 3 N | N | N | N
0 100 200 300 400

Cycle number / cycles

Figure 2.15 Combined cyclic corrosion test exposure time vs. rate of each Z f= 0.1 Hz curve

of steel coated with Sample D.
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i & SR ISR DA DB L TN D TREPE DS /.

3) SAMRIBENC X2 BIEERE ORI, BESEL LR, 7Ty s nAETD.
DA O EL N AE T2 £ 0.1 HzDA » E—X U A [HIF & A EZL LRV,
AR R LT 10%~20%DIRS DV F v 7 PRE LT L E01Hz DA L E—X
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WIE DU vFXA v bOBAEE

3.1 &=

92 B IRy D B n BB 2 -\ C, RN DR 2 3 O 2R
ZIME L, FBIENR & A BIESILOBREEE L. ZO/E, 0.1Hz DA B —%
YARZEY, BIEOERR T 5 R E AT CE A Z LA LI LTz £,
BEVA 7 VBRI T 54 VB —F U ADOELREFE T D 2 & T, AMEEER
L0 L EMICBELILEZRMTE D2 Rl boTz. £z, BEMROM AN Z M E
S D T2 OITITBIEDFF O B R A2k 3 2 Bt LM BRI & 35 48 O 5 %
et 2 EMREZHA LI L. B2 ETHLNLINLDMA LS & LTH 3 &L
Fe CHiER ORI BERICE B LTI BT AT AOBELRFTT 5. H2 ®E TR
TEDERSy T DRy & BB D 5 BB IZE B L TR EIRF & OBRIRZ et
Lizte®, &3 ETIXBEO LS Th DR & Bk O 5 HEEEHIE R Lz, X
KRR E LCTHETMEDRH Y, ZodlmRESZHBEL LTYr 7 U v TF g
YEIDBIRSEKRLTWDS., D7 Uy TFAA r MIBEET LT, Y2 Uy
FRA 2 N ZD SOOI EEEEINCET 2 b ORHFLTH Y, #ALERH Th 5 FHh
oyl U T b EDBRITIFEE ARSI TV WA CRIEMRGTOR
Hind 2 19, 22T, ZZTIHHEEHMRE TS T2 70 v F L MEHW
TZO BBV TEIEANB LT T HELZHL NI T E2HME L.

3.2 FiE

3.2.1 &¥b

Uy TS hOREN T EIL, o X HIK A B HL CHRECUINT L,
Do E@HEE LR, BOoSUENTERWIMOAETHL. 22T, 22T
IEEARR BT D200 o TP 2 st L ekt 3 e, Yo7 U v Fg
> N ORFUERE 7L S B 2 RRAET D 72 DT 2 V7o Rl 1 F 2 fERL L 7=,

BB ORI, RIE 3 mm ORERAEHRZ R E L7ZERT 1 RGO 94
mass%Zn-5 mass%Al-1 mass%Mg 548 > ZHiflk ((K) B TEFRR, Do X ftEE
350 g m?, 3 mm X 75 mm x 35 mm) & W72, Z OER 94 mass%Zn-5
mass%Al-1 mass%Mg &4 8 > T BRIk L THE T — 7 s Biiklic Lo Te— 37
L— MNatExEie Lo, WHEMENI T A4 LT 2 =Y% (932 mm), EEEEIIT 110 A,
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WHEEEIX 24V, BHAEEIX 150 mmmin !, AZLEIL 1056 T cm™ ' & L7z, BEEIC K
STRMEBEMIZELCTZIHNL, AT VAR A Y7 5y (FTE) THRELE.
AR ORI, W ES (SPCC-SD, 1.6 mm x 50 mm x 35 mm) % Fu 7z,

Table 3.1 |2 VAR 3 il & MEyAHERCRE | FICHE ) U 7= BEERTLEE 2 R 3. izalet
AT Y A v 7 Z 408 (U 3 —t (k) 1 CID-1100, FI#ELEEE 2400 min ', ALEE
R[] 180 s) ZAT-o7-. WEEEHEL B 137 7 X MEL ((BR) A Z8YfET# P-SGK
4DLS+DSU-3), #&H5H#1TT VI TR ((BK) A HUYEFTR WA-24, RifgE 610 pm~
700 um), HEHESX 0.4 MPa, FEHIREEIL 100 mm, BHEFRIZ 10s & L7z, AR
B C I —=2 7B (G T (BF) % COP-U3) %17 - 7=, #5413 Ni ok ((BF)
AL LSRR SR TS NTE-02PB, RifE 2 um~3 pm), #5E 771X 0.4 MPa, JIEE 71
0.5MPa, #4FEREIT 20 mm, #HEERIT 10s (FBRAFIC & 2 EMEZE K SRR 0.2,
JEAEZE SRR 0.1s D VI L) & L7=. Figure3.1 (2t — = 7 WLE DA [X %
AT JERMEZER AT U TS 2 LB Rl 22 S 5 M CT7 7 A MLER &t
WL TWDD, == AT T T X MLBRE 720, JEREZE5D ON & OFF % &
BT K 0 HES 2 8 L 2 AN R IRIZZ2 > T D I EZR R’ S 5. [FODH
W ZAnvm o s, SMINTEMEZER DR, NRNZEMRZER & EAM RS, £72, 5+
18 D JEAE 22 RE NI D JEREZE SUE L 0 @, SMEID & o S 2 JEREZE SIS L U N
B DA SN SN D & &b, BREMPEEICRET 5 2 &< #
RLPEAA 229 5. Z D —= JEIE T T 2 MLUEL L Bl U C, BEH 0k
LEIHTEL L EHBITENELZRGICHETE L L WIRMNH L. £z, HEEEE
AEHIHR D A v 7 Z S (U g —B (BR) # CID-1100, [EHAHE 2400 min !, 4L
PRRFER 180s) &AT-o7=.

FWAEFTLER, Uo7 U v TF A b (m—rUL (BF) ) Z28A5 Lz, AR5
THWEY Y27 U v F_Xg 2 MIARS U F—E LTORIT URHE, BERtE LTt
um OFEI RN DR SN TE Y, MEBEICK T 2HNEARIL 6% THDH. %
WHEREHIREOMMZEI D V7 ) v F S NOFEZHIET 2008 REETH D
e, V7T NEMERTHIET S L &L, KBTIV
TV TFXA U MNOMERIFNISSgm 2 E L. D7 U T N BB LT
%X, =|IETH 1 » ABZEA L7=. Figure 3.2 D LBV, FIAHEREN O iLFE i
TR E— FE2ET30mmx35mm, Y27 U vF 3, hOBMAREIIEEE— R
e E AEte 40 mm x 35 mm & L7z, BHEE— REZ &3 60 mm x 25 mm LA
N~ AF 2 TT =T8> THIE LTk, ezt L.

BRI 7 U o F A b (m—r0L (BR) ) OFE 2K 200 um & L,
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Do) o TFN, U N LT RIE, BIERTR Ly AEEA L. LT, ikt
LIRS 30mm x 20 mm AN ERIE 7 4 LV AT D~ AR T L%, BERERERIC
7.

Table 3.1 Conditions for surface conditioning before organic zinc rich painting.

Base material Surface treatment
s\:rflldlleni Steel wheel wire brushing
_sample A Hot-dip
Welding zinc plated steel .
sample B (94 mass%Zn-5 mass%Al Al O; blasting
- - 0
Welding massretle) Ni pennin
sample C p &
Non-
welding Steel Steel wheel wire brushing
sample

Nozzle

Compressed Air

Projection material

Figure 3.1 Schematic diagram of the fine particle peening device.
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Organic zinc-rich painted area (40 mm X 35 mm)

— Various surface conditioning area (30 mm X 35 mm)

Weld bead

Figure 3.2 Photograph of the welding sample before organic zinc-rich painting.

3.2.2 BREERBR

JIS K 5600-7-9:2006 FflJ@E CUTHLE SN TWDHHA 7L AIZHEL T, A 7B

(BR) #I1SO-3-CYR Z W THAYT A 7 iR (CCT) Z#FEM L7z, RESMIE, S
mass%NaCl /KA IR E 77 TH2 2 5B NI EE 35°C C 2 h, WM T2 2 3B NI 60°C,
FEXHEE 25%RH T 4 h, Wi TR 25U PR EE 50°C, FEHm AL 95%RH CT2h % 1
A& Uiz, CCT TORBRY A 7 VL CCTn YA 7 v (VA 7V LFEL
7.

3.2.3 M

WiEREHT cCcT20 Y4 Z VB, CCT40 A 7V H, CCT72 %A 7 /LH, CCTI98
+A 27 )VH,CCT121 ¥+ Z7/LH,CCT141 YA 7 /VH,CCT162 %A 7 /L H,CCT 182
P17 VH,CCT202 A 7 /VHBLOCCT222 4 7 VH CHRERFE L H L,
AREK T, |IECHIEE, TUFAIAT () Va—H CX4) [2X->THhRE
L7z, £ LT, HEmBgIos U CHmifgalety 7 b (LIA32 for Win32) ZfH LT, #
HIEAH T B R U 7R S OV AR t& T & 2 M LIS O BT I {95 2 & T, FHgiRIC
HoR U7 AR S OV AR RIFE O P48 &R ERZE (1o) 25 U7, Fl—EEaleh 2 ik
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LCiHlid2 &L, CCT 141 A 7 ETiEn=2, CCT 162 VA 7 Anbidn
=1&L7.

F7, WEEPEEHT CCT74 Y1 7V H, CCT224 %A 7V H, CCT302 %A 7 v
HIB L O'CCT374 A 7 LV H CREEGHELD H L, 788K CTHg, =RiE CoRE,
FORNT AT (=W (Kk) 8 1-835+L-600-12) Tk L7-. =L T, HEEEg
WZxf U CHEfg ALy 7 b (Imagel]) ZfEMA L C, BHBIHIZH K L7ZR S OO EE
AT & 2N DA OBEFTNC ZfE kT % 2 & T, FEHERIC R U772 R SO OR A mE O
wﬁkﬁﬁﬁ%(w>%%mbk [F]— DR HR 2 kBl s L7 3T 2 & L7z,
x7z, , B A T BT DT L e RS R ST Y, KA 2

#5@&%%%%M¢5muﬂﬁﬁﬁbk.%ﬁbfﬁﬁbkzﬁﬂﬂ%%ﬁ
Lkﬁé@%éﬁ%k,@ﬁﬁ%%%ﬁwimbt1ﬁﬂwgﬁmbt%éw%$ﬁ
D, RSOFBAMBEOFEME L IEERE (lo) ZHE L. b, ZZTEYY
70w F_XA U MERANTED, ZOBEO 80 mass% Ll LIZHEEN YR HAERR ST
Wb, ZD, Y7 Uy FRXL U MRERTDHIEICEABERIVUIIEEAEE
UF, Vo7 U oFRA U MIEENLIHMRDIERETHZETELLIASIVEL
IIHEHIEHM DRI ONE B2 LD T8, BEAVITHE LenwZ & & Lz,

3.2.4 FHECOAT

JLFESHTICIE, SEM-EDX (HAE T (Bk) 4 ISM-6510A, IMEEE 20kV) Z
7o EEARYOREIZIEL, XRD ((#E) U # 7 % RINT2200, &k Cu, EEE 40kV,
‘BEI S0mA, 0-2075, HE 10.154nm) ZHW-.

BV E OB DOREICIE, CCT 141 A 7 MV OX RSB E R (AR
B— RNEF, £ 10 mm x 25 mm) 2 HERE L 724 & ifEEiEs, Hekick - T
Btk v U o VIR ((BR) A— "=y —X e o 7 AL A - = 2H U
B p3mm S 0.3 mm) Z AW Todricft L7z,

XRD ([ZHW e RITEEEGARR mIZ B 1T D ©— R K9 10 mm x 25 mm O#ifH >

LR LTWAZ &b, EHEEREIRMIICK T 28 L — R OFEHHKETH 5

k%i%hﬁ.:@kbxmaﬂ&~y@wﬁ@ﬁﬁlﬁkLyﬁ%MmemN&~y
O i B 2[R E L7z,

ﬁm@ﬁﬂwfﬁéﬁwwﬂm %, EEEEEREIRE (KU 30mm x 10mm) 2B
UGB &R RIE A A CARITHIE L. 2O X 5IC L TER L 72K
k%, Boro-Silicate ¥ v £°7 U — (WJM-Glas/Muller GmbH #, %+ &7 U —PH£E
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903 mm) ([ZFE L2, SR-XRD (bbb rmburiftr¥— =LA77 1
582, X BT /N¥— 124keV, HFE 210.1nm, XHBE—2LY A X 0.5mm x0.35mm)
THIZE L7z, SR-XRD IZ AW By RIT EE AR 2 1 040 30 mm x 10 mm 2> & BfS L
TWNDHZEnD, BEEREIERmOFENMHE THLEEZLND. T D=8 SR-
XRD & —ORIERFUT 1 B E L, 55472 SR-XRD /N — ) b i Akt i % [F)
ELT-.

3.2.5 BXULFHIE

Figure 3.3 [CESULFHE ORI 2 ~9. BEXILFRELEE (BE—-=— - TR
(Fk) B model 2325) & VT V) — Rophihifg 211 & L7-. £ M (Reference electrode)
1% 3 mol dm™ NaCl /KIEH 1 D Ag|AgCl R (FNEBANE 3 mol dm 3 NaCl /KIFK, AL
TIX Vs Ag/AgCl ZlE LTV L 527), % (Counter electrode) X F 4 A v ¥ = R
& L7=. Figure3.4 [ZEHEE O ERL U 72 EM#R  (Working electrode) DX % 7~
T BIEEEEL A R T 2 72 O OERIARIE, CCT 141 Yo 7 N4 DK EEHEEHI I 1T
HIEHEE — Ml &) 25 mm x 12mm OFERICYI L, U— P&t Lok, 1EH
MROZMH 10 mm x 10 mm & 5% U Tl & B> U 2 UBE THET 5 2 LIk » TE
U7, (B L 7= ERM A2 KABH AL, 25°C @ 5 mass%NaCl KK+ (A7 EEE fafn)
(C ThiE L7k, WREMNOHRRFMA~ImVs ! TEETDHZ & THY — o
HR 2 JE Ue. £ 70, MEEOR 2 57 5 72 D OE I, MEaaeslbl o aeis 10
mm x 10 mm DS ZRHHE 7 4 /v S LD gE L7k, CCT 74 A 7 )b, CCT 224
A 27, CCT302 A 7 VIBLWCCT 374 ¥4 7V THEMLIZ. 2L T, Thbx
FREKCTYey, BRCHEBEIEZLOEHAWE., 20X L CTERLZI1EASE K
SPBAR L, 25°C O 5 mass%NaCl K¥EHE (BFIRFREAR) 12 2 h IRIESE2%, HR
WAL DRI TR~ mVs ' CEAETHZ L TH Y — Rl 2 HE L. £ LT,
H—7 x )WINEIEIZ L0 Y — Rl L2 & & O - FRR 3R OYLHBIR R B
EA R EARN G, BREIREEZ RO, Ik, FHlixt SRk OB BERIC
B4 2 BEITIM D b ed T /) — R OREITEM L2 & & L.
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Reference electrode (Ag|AgCl)

Counter
electrode (Pt)

Working
electrode

5 mass%NaCl y

PC

/

Electrochemical
measurement device

Figure 3.3 Measurement method of polarization curves.

Weld bead

Lead wire

Organic zine-rich painted area (40 mm X 35 mm)

Various surface conditioning area (30 mm X 35 mm )

Silicone resin coating

/

Cut off >
2

25 mm

/ Working electrode
surface area
10 mm X10 mm

S

12 mm

Figure 3.4 Schematic diagram of working electrode.
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3.3 MR
3.3.1 BREEY— NER & BB DR AR

Figure 3.5 35 . O} Figure 3.6 (A L7212, A7 VAP T A v 7 7 LB LTI
BB B T 20 - T JBOBEEIRIEZ /R T, 4 EDX ~ v 7 HEE CIIK eRBE N F
VIEFEAZ WY P T A NTRARINTEY, & EDX v v VEBOHEICH DI
T N= T 5 2 & THRILR ORI D T2 & 21X, Figure 3.5 IR L
72 Fe = THBIZEBIT D 7 — " —% b ELRRENE WO ZITHA~RA,
FRIBENMEL DI LTV ~fa~F o 2L, TRIBENZ iﬁmk@é

EATIIRAM E~BATRRIN TS, LA > T, Figure3.5 ® Fe~ v 7 HI{ETH
B~FRO~FFEDFIREINTVDHES Tl Fe MRS TR, Bffa~BEa Tk
IRENTWVDERY TlE Fe N SN TWRWZ &1272%. F7=, Figure 3.5 D Zn ~
Y THEIRIZBT D7 T — =% B D L LHREDNE WS A G, JTTRIRENMEL 7
HIZ LTSV, STTRBENIIFE e LR 5EFTIIEA TR I TS, LER
-7, Figure3.5 D Zn~ v 7B THADFE RN ENTWDES I Zn B EN T
B, EO~BOORTIDEINTWEEHZIE ) A REGETEEZEZ LD ZnlE
BH SN T2V, 20 X 912 LT Figure 3.5 35 X O Figure 3.6 ® EDX ~ v 7§ %
HDHE, BHEE— RO O > ERIXEEAEME L Enbnd. —J7, ¥
BIZITHEN D > EENEF L TEBY, ZORELITHI S0um THo7-.

Figure 3.7~Figure 3.10 (Z A7 > L AFHL D A v 7 ALER L 7= i EHI e L C,
Table 3.1 OF IR 2 H L 7= Kt o £ i SEM-EDX i R4 rd. 73
MAREHANTT 7 2 MU L7238 B B 0854, il & Heife U CH LS 2 i AN ML
fbL7z. F£7-, Figure38 | R L7ciE#EE — NED Al & O © EDX v v V' H & H %
EHBELEE CRRENENW L 2HODOTHOATRINTEY, Zildghst
MERIZESM E LTHWET VI THRICEKRT 20D EE 2%, 728, Figure3.8
DEHEE — FEICERIT 54 EDX ~ v 7 HER T, A S0 M0 ILE 3 %
A ERAD I T A MBI ZORKIE, BROBEICE AW ARE
B B ORE N OFEAE LT RE X M08, TEHGURHR I O K E MM L - ThiHigs
FRSOETRIT 6N leDIZE U EE 2 bivd. £, Figure3.9 35 X U Figure
3.0 IZ/R L7 Ni B3R Z W TRk - & — =0 7 ALBR L 7= 388 C 12B1F 5 Ni
EDX~ v VB E 425 & , NIOTRERIRENENZ EE2H LT HANEEL TWD

AUTEE E— N L OGRS & IR E LTHWE NE BRICHKR T2
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DEEZD.

Surface photograph
Weld bead

L
R

Cross section SEM-EDX
SEM

Heat affected zone

Heat affected zone .
Heat affected zone

i Weld bead |

| 'Wélead ;

218 mm [ Ik

Figure 3.5 Damage of the coated hot-dip alloy.
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Weld bead

30 um

w30 pm w30 pm

Heat affected zone

— 30 pm

0 jpm

w30 pm w30 um w30 pm

Figure 3.6 Surface morphology and SEM-EDX analysis results after stainless steel wire
brushing.
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Weld bead
SEM ’ Fe

Heat affected zone
SEM | Fe

w30 pm w30 pm w30 pm

Figure 3.7 Surface morphology and SEM-EDX analysis results of welding sample A before

organic zinc-rich painting.
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Weld bead

w30 um ' — 30 um w30 pm

Heat affected zone

— 30 pm

- My %

30 um w30 pm w30 pm

Figure 3.8 Surface morphology and SEM-EDX analysis results of welding sample B before

organic zinc-rich painting.
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Weld bead

— 30 LLm

Figure 3.9 Surface morphology and SEM-EDX analysis results of welding sample C (Weld

bead) before organic zinc-rich painting.
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Heat affected zone
SEM

w30 um

Figure 3.10 Surface morphology and SEM-EDX analysis results of welding sample C (Heat

affected zone) before organic zinc-rich painting.
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3.3.2 &M

Figure 3.11 (2 CCT 141 ¥ A 7 V3EhE L Io S EaH0R OB G B 4 7" ¥, £ 72, Figure
3.12 12 CCT faliZ & & 72 O BB O R S OB ATHOHR 2 R"d. 2 2 Tk~
LIRS OENL, Yo7 Uy TFA 2 ORI ER LTRER, FHsik 5
AUTSOBERAERY Th 5. WHERE A, BlX, CCT 98 ¥ A ZNEREVDIH
EDIE L 720, TO%, YA ZVEORINE & IR S O A HFRDE KT 2 ]
AR Liz, —J7, WEEREICITZ CCT 162 A 7 A bR S ROFRENHFEL 20,
ZD%, TA 7 NVEOEME & HITRS ORATBAEA Lz, FEERE ORI
FAETBA T 5 &, CCT162 YA 7 VIS CIREEEL C O S O A R I LA
PEEE L R L Tl b/ & <, ZOMEIIMIARGRI O IR S U A E RO 30 450 1 LA
T THo72. CCT222 YA 7 NVHFEIZEB W T HIEEERE C OFR S O A mifs I Xy sE
B R L Tl b/ &<, ZOEIIMEEERE OR S OBAEEHOKN 3 5D 2 Th
S7=. 728, CCT 150 YA 7 VLIFECOR S UM FE O —RF) 72 il b 358 B v 7.
ZOHERE, EMREICB LS CCT IZL» THBEERBREICRE LT-Z2E0ERE
By, TR RmE O O FEICN T Z L2k - T, RS UFEAED B D
NilzbThdEEZD.

Figure 3.13 2 CCT 224 YA 7 )VEN L 7= a0V G B 2 7777, £ 72, Figure
3.14 |2 CCT fhlZ & & W EEREHI A LT R S OAmMOHER 2 /Rr 3. R
SORAEmEOVHMECTRMET 5 &, CCT224 VA 7 LBk SO DOFAEN I L 72
D, LR A 7 VB O E L HITHR S U IR 2 L 7.

Welding sample A Welding sample B Welding sample C

Figure 3.11 Surface appearance of the welding samples after combined cyclic corrosion test

for 141 cycles.
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100 0 " y ! v T v T
— L Egeigmg samp}eg
. elding sample
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o | L 80 - @ Welding sample C 4
72}
=GB
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G P ©
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o — N &
== 9 40
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Cycle number / cycles

Figure 3.12 Change in the incidence of red rust with exposure time in combined cyclic

corrosion test.

Non-welding sample

10 mm
Figure 3.13 Surface appearance of the non-welding sample after combined cyclic corrosion

test for 224 cycles.
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Figure 3.14 Change in the incidence of red rust with exposure time in combined cyclic

corrosion test.

3.3.3 FHEKSHT

Figure 3.15~Figure 3.17 |Z CCT 141 ¥ A 7 V# O EHEEIO Wi SEM-EDX 57
Wi R4 "4, &% EDX v v VHEHBG TIIA R EBEEREWVIEEH LIV FT AT
TREINTEBY, % EDX vy VTHBORICH DN T —\—Exfth 352 & THILHE
Do AIRERN DS, 72 & 212, Figure 3151278 L7=Fe~ v 7VHHRIZBIT D0 7 —"—%
FH D LRI D E OIS I B A~IRE, JTEREEME 72 D12 Lo BV E A~k
~HEEELL, TERBENMIFEE e LR ETTEMA~BOATERIN TV
L72728-> T, Figure 3.15 O Fe ¥ » 7 THA~REA~FADOR R SN TNV DS
T Fe MRHENTEY, BHO~BOTERRINTWDES Tid Fe M SN T
VN 2U. Figure 3.15~Figure 3.17 |28 L7 & EHE RO EDX ~ v 7R L 0, FE:
AEFAIL, Zn & OZEMD L LT Cl2a oMt OBRAENRD &, Fe & O £y
LT Cl 25080 BRAERYOIEENRD bz, £, WERE A OB ARARRK
WNZIEZHDZERMPE L T e, RN B IE, Zn, O & Cl 2 Epksr & Licigho
B EAERD DI TR Hivle. 7ok, WHEB O Al ~ > ZEBF R 50040
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T2 AL Uy FREENFELTODN, ZUE7 7 A MLUBEOES T & L THW=T
NITHMRICHKRTHEDEEZ D, BHEE CIX, Zn, O & ClZEE L7zl
SR DGR LR OTCR RO DTz, 708, WHEEIC D Al v~y 7EBIZALY v F
FEIR D BHAEDTE O DD, ZAUTWrimBLEFBHERIR: I ZBE R L 72 7 L < A EER 23
BRELEZLDEEZD.

72, BEHEREN C Wi SEM-EDX TiI Ni 2MF & A SR S Cunian., —7,
Figure 3.9 O Z fii SEM-EDX 2> HIINi AR SN TWe Z &b E 2 5 &, Wi SEM-
EDX CNi M SR WBEIHO—2 & LT, NI L7 NI BMETh - 72
T2 EEZD.

Fe X° Zn NE R L7256, AN & i U CRENIZET 5. R4 ORISR
RRIL, BERARDOFEHEICL > TRES BRI ENMOLNTEY, 2L xIE, o
FeOOH DORFERZIREHRIL 2.9, ML LELM) D /v v & CaFeO2C] DIAFERZERIT 6.9
EDOWEND D V. FBIEFE O W SEM-EDX 587> 6 b 1A B — R D Fe oA 1
DTV TN MIEEND InDNERE L TRELSED Lo TNDHZ b,
KRR ENE U= E 2 BN 5. 728, Figure 3.5 L VAL — RERD D > & JEILTH
KL TWZEND, Zn DEBERDITIT 7 U v F 1 v MIEEN DN RIC
HEkTH5bDEEZBND.

Figure 3.18 |Z CCT 141 YA 7 )V ORI HEREED B EEH L 728 B A )  XRD &
Rarmd. Ko T 2 FERFRARDIX, HEMETHE Zns(OH)sCL -
H2O L FAbHligh ZnO Tho7-. EHEREE C I3 th ek & bl U €, M AR bl
1 Zns(OH):Clz » HoO DRI B — V7 BREN K E W2 E 3o 7. 7ods, BEERE C I
BWTNIHRHE S TRV, ZoRRKEIE, BEEE FMEeEORmITFET 5 Ni 2
WETHoTOTHDEEEZD.

Figure 3.19(Z CCT 224 YA 7 1% O MEEsHEE O Wik SEM-EDX 3 #rfs R &4 =9
A EDX~ v VHIE CIIK LREENEHWVIEERA DL N T AR TERRINTED,
% EDX ~ v THGEOREIZH 5 T — /"= L5t d D 2 & T ITRDOOAMIRIEN D H
L., U yTFNAL L RETIE Zn, Cl, ONERDTHoTZ. ZDOT 7Y vFx
A ¥ FAEBIZEBWT, CLIZREFT I O & O AT RIE T 2 BmR580 6
iz, ZOERIE, BRAFESRMIC L2/ A 4 OUKENZEK L TV 5 & HEZ
T 5.

Figure 3.20 (2 CCT 374 YA 7 /L% D HEEEEE O Wi SEM-EDX 70 s SR & 7~ 7.
Zn, Cl, O ZEpsr e LIcHS O RAMMIE L, Fe, O ZFpm & LIBOBE A
[P DI RN BT, HEh DI EAERMEICER T 5 &, CCT224 A7 L&
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CCT374 YA 7 )V TlX Cl O AIRBICHHIE R ZR BB O bve. 3725, CCT224
A 7 NALDHER DRI ENEIAFAE LTz CLIL, CCT 374 A 7 V1% TidiZ
& EFFEL T2\, Figure 3.21 (2 HEEFEURE D B BEH L 72 f RKEEF O SR-XRD
e R A g, R URHT AR U7 I & A i g 13 MR AL SR Zns(OH)sClz - H20 &
Rt dign ZnO, kOGR4 KYIE X a-FeOOH(Goethite), Fe3O4, Fes(O, OH)16Ciiz TH

S77.

Welding sample A (CCT 141 cycles)

Embedding resin
Paint film

Spalled areas
Corrosion products (Fe, O, CI)

Weld bead

Figure 3.15 Cross section SEM-EDX analysis of corrosion products formed on the welding

sample A after combined cyclic corrosion test for 141 cycles.
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Welding sample B (CCT 141 cycles)

Embedding resin

_ Paint film
— Projection material (Al, O)
_+ Weld bead

SEM Fe /n

Fe K

100 pm

Al O

100 pm Zn K

Figure 3.16 Cross section SEM-EDX analysis of corrosion products formed on the welding

sample B after combined cyclic corrosion test for 141 cycles.
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Welding sample C (CCT 141 cycles)

Embedding resin

_ Paint film
S Polishing material (Al, O)
_+ Weld bead

——————————— 100 pm Ni K

Figure 3.17 Cross section SEM-EDX analysis of corrosion products formed on the welding

sample C after combined cyclic corrosion test for 141 cycles.
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Welding sample A Py

Welding sample B ® ®
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| 8 |
S
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|
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Figure 3.18 XRD pattern of the welding samples after combined cyclic corrosion test

for 141 cycles.
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Non-welding sample (CCT 224 cycles)

Embedding resin
» - — ———
—t Paint film
e

-~ Base material (Fe)

= 990 pm ak

—100um e 100 pm

Figure 3.19 Cross section SEM-EDX analysis of corrosion products formed on the non-

welding sample after combined cyclic corrosion test for 224 cycles.
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Non-welding sample (CCT 374 cycles)

Embedding resin

Paint film

Corrosion products (Fe, O)

w500 pm — 500 pm

S5 mm K

" s 500 e 500 um

Figure 3.20 Cross section SEM-EDX analysis of corrosion products formed on the non-

welding sample after combined cyclic corrosion test for 374 cycles.
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B Zn (OH),Cl, -H,0 ® Zn ¥ Fe,0,
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% CCT 372 cycles CCT 372 cycles
v
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% CCT 224 cycles % n M O mOm Om/\ DOEy
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— Jk EE Om [
o e W tatnn Mo s s = T —r‘ 1= |L
6 7 8 9 10 11 12 18 19 20 21 22 23 24
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Figure 3.21 SR-XRD pattern of the non-welding sample after combined cyclic corrosion test

for 74 cycles, 224 cycles, 302 cycles and 374 cycles (4 = 0.1 nm).

3.3.4 BEULFHIE

Figure 3.22 12 CCT 141 WA 7 W& DX EHEREHT I D0 Y — Rt 2 <7
WEEREL A, B OBRBMIZTNZENN—04V, 1-03V TH-ZDIZH LT, &
Pkl C DR BN ﬁ—mV?%ok.@&ﬁﬂA@ﬁy~F%m%Wﬁ,@ﬁ
BAL L > THRARBAITBATEZICHE R L, EIEEOWERIMEICE L. stk
B O Y — NEREEX, BRENMN L > THRAREN %ﬁ%m@ﬂmvwmmﬂ®@
XEFFOEMRD o b T=%, — 1.0V 8 CEREEORERFEIZE L. 58
RENC OB Y — NERBEIL, BAREMNE > CRARBMICBITHR, —1.2 VAHTICh

— NERBEOE =7 NBO LN, TO%, B Y — REREETEMICEmL,
15V ARETH Y — NEREE ORI/ HMNRBD biviz. EREEREL Y O
b, SEEEEI O Y — NEREEZ BRI T2 2 LIETERVE 0D, %
WHEAEI OB REN S —1.5 V £ TOENMFHIZIBNT, BB C ol Y — &
T L, ”ﬁ<E%@@%ﬁﬂ®ﬁ/*%ﬁm%ﬁk%@LTﬁW@ﬁ%%bk.
WESRVELB, Clzdh bbbzl Y — R ) 2 ERE Y %, SERENMNET
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SMETHZ LT, BRBIZOBREBEREEZET L. ZOE, BEREB, Co
JEREBEMEEIIZNZN 15510 Acm ™2, f40x10°Aecm 2 THDH Z En3bo
o7z

Figure 3.23, Figure 3.24 |ZHEEEREI OB Y — Rt 24, EREERE o B
Y — NEREET, BEEMNEY b RRBEIITITERITIR LIk, SO0
THMEAE R LT,

Figure 3.2524-4 A 7 MBI 50 Y — Ropeh#R O EARE 5y 2 4 8 BB £ THb
452 CHEBLEEREREBEEZ Y. CCTO ¥4 7 LVEBLOCCT74 14 7L
THEEBEMREE TN 107 *Acm 2 TH DN, TO%, EEEMRBEEIZEML, CCT224
HA 7 )b, CCT302 HA 27 /v, CCT374 ¥ A 7 )V CHEAEEREEITINI03Acm 2 L
olo. B, SR C RMEEEEEHIB 1T D CCT 0 A 7 VO REENM I T
Ao h Y — REREEO Y — 713, EABEDIREILIC L > TE Uz flighie b B
F TSR KBL LD R ER Ch D B X B D 9.

10*3 3 v T v T v !
= 1074 : ~ < 3
S p T~
< K ‘\
=10-5L et N -
2 ) \
£ % '
g = ‘
310°°F L
: % '

g 10-7L Welding sampleA§ : i
&) E — — — - Welding sample B § |
b e Welding sample C *° I

108 - ' - : ' ' ‘
—2.0 —1.5 —1.0 —0.5 0

Potential, £/ V vs. Ag|AgCl

Figure 3.22 Polarization curves of the welding samples after combined cyclic corrosion test

for 141 cycles, which were measured in 5 mass%NaCl solution (Open to air, stagnant, 25°C).
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Figure 3.23 Polarization curves of the non-welding sample before combined cyclic corrosion

test. which were measured in 5 mass%NaCl solution (Open to air, stagnant, 25°C).
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Figure 3.24 Polarization curves of the non-welding sample after combined cyclic corrosion

test for 72 cycles, 224 cycles, 302 cycles and 374 cycles, which were measured in 5

mass%NaCl solution (Open to air, stagnant, 25°C).
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Figure 3.25 Change in corrosion current density with expose time in combined cyclic

corrosion test.

3.4 B

— %I, HigR O - ZHIR 21T U & LIclign R DB B ITR OO~ TH 25 4.
O L 7= @ Hfign 7> DGR S5 #ifh BIRIZ K > THRHSIR D HE ST b 7o,
IR FE DGR T IEBHERM R & 5. QN EIESHFEE IITHEE L, HoricH
HFR S B L7236, SN EUIRO BRSO S & DO < REMIZ L - TH
IR DS R IH S 5. @UHENZIEDIE &I X » TA U A4, Bl
PRRZIE b 72 IR FE MR B ICHERE T D 2 & T, AN TR AL, S5 5
EROEITEZIEIT S, ZRH0 D BbOI, IRE, WECHEIY A 4 %0 [ RS
IZE > TREA B ERAERMETRT D Z ERMONTEY, ER LEERAERY O
I L > TR ERRITRE S Hpp 10,

HPEBR BRI BT D Mg DI B UG & IR AU R T,

Zn+1/202—Zn0 3.1)
Zn+2H20—Zn(OH)2+Hz (3.2)
Zn(OH)>—ZnO+H20 (3.3)

66



F 72, MR TS5 SR D A A A OIFET D BRETIC BT 2 DS A

& RAUTRT
57Zn**+80H +2Cl —Zns(OH)sCl (3.4)

NS DOBEARY D 5 HAKERLAES) Zn(OH): o HMEE L A4 Zns(OH)sClz » H20
I, BbAESh ZnO & bl U T RiB o NI R A RE N E &N D, Lo T, #ifh
FRED Mt m FicksnwT, KEgbiigh Zn(OH): CHEMEH L #ER Zns(OH)sCl: -
H:0 2R S, EHICINODBRAENYZ EMMZEMICHFESED 2 ENEHE
%, HNRD &RV, TETIIEEZ 2RI EGeD > SHIRAAFE SN TR Y, Hifh
B> ZHIRIZIB T DTHEMEOR EOERDO—> L LT, Mifhed > & EEFIZHEIN
L72 Al Mg 12X » T, KEELHESH Zn(OH), o ML SR Zns(OH):CL: + H20 %
BETDHZ EIZhD EHRESN TS D,

[ 12501, Bl S VE HWZEBR T Zn(OHL 2 ZE(LT 2RO H L 8B THE L L
T Al, Mg, Ni, Co, Mo &b L7 dignt e o E #ilth 2 W CHk A 4 %
B EMRVEREE CAR L7l S ONEOFEBRIZE Y, Zn Do X HZ Al, Mg, Ni, Co,
Mo % ZAVEFIIN L7230k CA U2 B AR 1I3KER (L #EENY Zn(OH), Th > 7= DIZ
* LT, Zn BMEEI O E &AM ITER(LHEN ZnO ThHh o722 LD, Zn H > EHIC
Al, Mg, Ni,, Co, Mo Z Z U L7-4506HE, KER(L SN Zn(OH): ASER(L A En
InO (23T D&M LT D s L Tnd. £72, FEEOREIZ AW, ik
WA F v B DEKEHERR CRAET DERAERY ZRE L. TOMKE, EmA
I B G HKEZERBRICB W TRAT DB RARMIL, Zn 8 - X BMGUSH I M
HEAEHEER Zns(OH)sClz » H20 36 X O bHigh ZnO Th 7=, —F, Zn H-> T HIT Al,
Mg, Ni, Co, Mo & ZALZIIRIN L 724308 T4 U BB AW, SRVEE Ll gn
Zns(OH)sCLz * H2O Th o7z, 2D b, Zn > ZHIT Al, Mg, Ni, Co, Mo %
TNENIRIM LTSS, ZORMILREONEE LT, HWEAMELISR Zns(OH)sCl: -
H20 23ER{biigh ZnO (IS0 5 D2 Ml 21EHR & 5 L #E L T 5.

DI TS L, 3um~10 um OREEEIR &S X — L L TORIE
MBI TEY, £DIFEALIFHHRTHD. LoT, Vo7 U vF 1
MR, RIROHEN O > E 21X LD & LIZMSn I & 138720, HigE L= 4B fish
MO STV, E, AHRBEIIKCIEREE OB BRIk 2 M R
ITENZ ERH LN TND Y, LER-T, V7 U v I hEROBE%EIT,
Aind L72O~@ D 5 HODJEE A& K- HEWrE I ASHgh B I & bl L T/h v 47725,
CCT #9812 L7228 » TEURIGERER, Yo 7 U v F A > b EIERNIC KRR E S D
BERFMRETD. LT, ZTRODOFERFIZE ST 7Y v F A MR
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TOHMMRPIBET 22 LI K> THRBERINPELD. £ LT, ZOBEENRY
WHEFET 2 2 & T, BROEITHIMH SIS EEZ NS,

TDEIREZORESNT, LT, MO BAERYICEIR L TR R E
DR AEE%:9 5. £, Figure 3.18 [Z/x L7 XRD fE R0 5, KlBlOE BAERRY
2B T DT DM Z IR T 5720, EEN R HBEREHE— 27 PR TE 5 b
D& LT, HIEVEEALHER Zns(OH):Clz + H20 (003) & E&{LdfER ZnO (100)Z &R L, B2
(LSRN ZnO (100)1Z %F9~ 5 HE FeME R L SN Zns(OH)sClLz + H20 (003) D [alHt &' — 7 58 % b
ZHEM L7, Table3.2 IZFERZ T, BB C ORI —27@ERN R REL, 20O
EIX RO 6 (5L ETH D, F£7-, Figure3.26 |ZHERBEZEHZI W T H [EBEICA D
A 7 BT HEREEEE ZnO (100)1Zxf 3 2 HE FEMEE L #i$n Zns(OH):Cl2 « H20 (003)D
Al v — 7 BE L FH LR 2R, CCT 74 1 7 VDR B — 7 58 E L i b
K&, CCTT74 YA 7 NVUUED 2EU ETHS.

WA T T 7% AT AEVER AL TSR Zns(OH)sCl2» H20 (003) & B2 {LHiEH ZnO (100)
O d Z i Le. 77 v 7R3 Timle J, ASA (BHrA) 0, IR 1,
BEn 2N TRATHLDLENS.

2dsin 6 = nA (3.5)

Table 3.3 {2k -1l d DFHEFERZ T, W b EMNE d ISR 281X
WOLIR. B, EaA— A= —THKEEMEdDOILES2EDBECTND
HRTT=F AT —VEOEBR R THLEBZZOND.

WA, HEEEVEHEAL BEEN Zns(OH)sCl2 » H20 (003) & FR{L#ESh ZnO (100) D {-{HilE 2 Hrik
L7-. Table3.4 |ZH¥AMEDOFREIER L RT. WL s FAREICHAR 2@ m X722 &
Mo, BIEEAERM ORGSR A RZTHO MR ERITNEEZEZLND.

I ETOBRRIND, B EARM DR R d <0l 1338 #igiHE J7 150 CCT #%
W K DM <, RIORARBICHEL B XL TV ERNTHE S
DERDEEARD DOFAERZD L DIEFEL TV D LHEZRT 5.

INLOREREEZ T 7 vTF A FOBIE#EEIU TO LY IZEZ DL
5. CCTRRMAIZE b7 o TV 7 U TS NEERIOKCIBESE OB RR 7 2N2
AL, Y7 Uy TS MRIEOHE I RITESAC TGN X > THEEERY & 72
5. ZOBEERIL, CCTIZE b ) iR K LAY V7 U v F A v b
FFICB T BB RN RIBRE DEREIZ L - TEL L, A0 0B C I3t S rh
{bH#i$H Zns(OH)sCla » HaO 23RSy & 720, EROMEITIZ L3, B biligh ZnO 23
T4y 725, = L, Figure3.25 & Figure3.26 L v, ML #EN Zns(OH)sCla «
HoO 28 FER 7 D556, BRLHILER ZnO 23 E Rl oy D6 & ol U TR R E MK <,
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fER s L TERRHEDK TIZE bW FEHHR OIS EMEl Le L HEET 5. F
7o, = VR & DTk 7 B — = o ZAVER U 72 iR C MR Bkl & bk
LT, CCT #dlz & b7 5 R S OFAEmMES /N E <, BRAFRMTEMEZ R U7 ZEIRIZR
DEDITHELET D, sl C 1L, iR EE AR SRR B G & HALBAA FLm 2 Ni By R AT
FHLTWET2), 2O NISERK U CHEIEMECHER Zns(OH)sCL - H20 NGy & L
TIHEL, TRICEVEROEITHRIEI SN, £z, BiFBArfafsEi 5
mass%NaCl K CTRIE L7 Y — oot R/ U7 R T, v
FREE C Ity EERE & i U TR 1ML ERW 2 D, R C IcA T TV
R HAMEEA L AR ER Zns(OH)sClz » H2O (MR E TSI R T DI RN b -T2 &5 2
bid. TORRE LT, BWEEE CIfhiaszael & il U TR SR IZ Bk 578
SOFARBEN/NSVHAICH T2 LEX DD,

Table 3.2 XRD intensity ratio of the Zns(OH)sCl2 + H20 (003) face, and the ZnO (100) face

of the welding samples after combined cyclic corrosion test for 141 cycles.

Zny(OH),CL,~H,0 (003)

ZnO (100)
Welding sample A 0.3
Welding sample B 0.8
Welding sample C 5.0
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Figure 3.26 Change in SR-XRD intensities ratio of the Zns(OH)sCl2 + H20 (003) face, and

the ZnO (100) face of the non-welding sample after combined cyclic corrosion test.

Table 3.3 Calculation result of lattice spacing.

Lattice spacing, d / nm

Zns(OH)¢Cl,*H,0 (003) ZnO (100)
aXilgig% Séaznzlil;cﬁs 0.789 0.281
a;tt]jlgig% Szaznzqf:l;c?es 0.789 0.282
a;t)\e]tilgi(ril"g} S2aZn2lF::1;:c?es 0.787 0.281
e CCT 74 eyles 0.786 0281
e CCT 224 epels 0787 0281
e CCT 307 ey 0788 0281
Non-welding sample 0.788 0252

after CCT 374 cycles
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Table 3.4 Calculation result of full width at half maximum.

Full width at half maximum / °

Zns(OH),Cl,-H,0 (003) ZnO (100)
afﬁ%ﬁ Séaznzllfyecis 0.28 0.21
e COT 323 eyl 014 020
e COT 323 eyl 013 029
e CCT 74 ayles 013 013
e CCT 224 epeis o1 010
e CCT 302 epeis o1 010
e CCT 374 ey o1 o1
35 e

TRz .

1)

2)

3)
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DYDYy F A v bR LI EROR 3 R L SEEERURE | IR LT A
DOV TN L, BRI AE LTz 5 X TR L O BIRE B5 LIAE, U

BEYA 7 NVEBRGEIC L 72 5 IR SOSSAIAE IS X > Tt 258 L7-
= VR ERAW = U FAER L iEsERENT, T A v T LB L
R ERE B IO VI Tl RE AT T 7 &2 MLBE L= AR L el L ¢,
B A7t A R L.

D7 TS MCHORT D RARML, #HET A 7 VIR Tl
MEHEAL ISR Zns(OH)sClz « H2O X ERKy CTH Y, Dk, BALESH ZnO 23 ERSy
Ll M D o 7.
=T VHREANTE—= 0 Z 0B U iRl thia szl el & el L ¢, i
FEMEE AL TSR Zns(OH)sCla HoO 2N EERIF B & U THAET DEMIZH - 72



4) LML TSR Zns(OH)sClz « HoO 28 E k70 & L THEAEHIAFEL TS & X, J&
REBEIDN/NSUVEA 2R LTz, 2 OBEEIR & O A A OB AN S X L
TEY, BEEREENNSWIGE, RIOFEARE /NS VERIZH > 7.
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FAE BELRMERORNEITEK S NI EELERY DS M
IZB LT

4.1 S

ZZECHBENIE ENABIR Y DR L EENCE N ABEEIAIHANEICR JIET
B ZNEIRE LTz, TORER, BERSIC XV BIESRIC RN & U BIFEOF:
DI RN T3 2 MEWHELISMT B IE & FE e R O AN RIS 5 2 L,
FiEtE LCHENMREZ ERD LT D007 U v T MIERARY O Sk
L0 ERIK A DI C =R N E U S 2 L, R ORE RS XL PR
ThHHFEHBYOFBELZITH I EEHLMNC L. HhOBHRIERICEER L
BFHEY AT LEET 295 2T, Z2F TRHFLTE-BEICH T 2 EER
PIAMZ, B TR S - A R IS kT 2 R AR O R EN T AT I 2
HTEMEBZOLND. DT, HEER & ITRED K72 2 Bk R O High o > & JE
ERIGE L, HighO > TRNICE ENDIRMICHEIZEH Lz, i) > TN AL
Mg ZEIZEIN LN B @ > & D BEHEIZ OV TR B2 < OBFERTTH
NTnD D, =L 21F, HhGaH > EOMHELBRINTOBR DSLHh G 4D -
TICHRT 2 BN ORE S 2ICBT 2HERH L. oL TIIHEHEED - &
AL RO A DE NI KIETHEIC O W TORELH DL D). oo
FATE THOW L NS HiER D > X BN OUITTE TSN O > S JBNIZ—RRIZ 04 LT
BY, WINTHEIHEEND > ZENICREL T AEAEDBRXEIC S W TEm I T
W BB OREYERI AR 2 0 LB HIE &2 AT A2 ST 5 7 DI IT SR D
SEDFREEICONWTHERLEBEBLETHDHEEZXD. £2°C, T2 TIEHigHD
> ZRFNICBIT 2IRINTCHE O AIRIEZ BEMEICRE S E-a3B 2 vz, £ LTl
D o TN D IRNNTCHR ORI & AR B S B 2 6 JIX T 82 I & e
T A EEEHBE L.

4.2 FiE
4.2.1 # ¥k}

REbF & LT, RL 94 mass%Zn-5 mass%Al-1 mass%Mg &4 - X ik, Wt 60
mass%Zn-40 mass%Sn 54 8 > Z Hi I KL OLiAS & L TR 100 mass%Zn > & §if
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W& T2, PARR 94 mass%Zn-5 mass%Al-1 mass%Mg &4 - Z i IC OV TIE,
—In A AR EATS, B IR % Zn, Al, Mg 2 B HiERICIRIET D ImIEIC K 0 1E
HENT2bDTHD. BMORESIEZ TS mm x70mm x3mm & L7z, FHoEED
JEAIE, VAR 94 mass%Zn-5 mass%Al-1 mass%Mg &4 - X B 13K 90 um, AR 60
mass%Zn-40 mass%Sn 54 > X JE 13K 60 um, AL 100 mass%Zn > X &34 100
um ThHD.

WAL, 3 FHEORMICK LTT T A MLEEA LT, N—a— MEICX D To 7.
7T A ML, B SIO ki ChifE 50 um), HEHES 0.4 MPa, e EERE 250
mm~350 mm, FHAEITKFEED D 35°~55°THBHRBI S 72, BBV BEHE, &
U7 X P LR RS EE (B~ A > b (Bf) "R~V ), TR BEHX
TIUTH 7 MR UEREE (BESA b (R "R~V GX) &
iz, BIEORELE, EBVSBEN 10um, FRYEBEEN 10pm THY, BHEOH
FHEEIX 20 um TH 5.

XM T 2B EMABEITIR & L, BELZEM 94 mass%Zn-5
mass%Al-1 mass%Mg &4 > X Hilk 2 BAZEUE A, BIE L 72 %Rl 60 mass%Zn-40
mass%Sn 5428 o X Hifk & BAEUEL B, B34E L 72 %l 100 mass%Zn 6 > X #ilik & Bk
AUEHC & L7z, AHtoe S fe 34 R0 P R B DAL 20 mm OFEPH & L7z, FFAfie5
HLSMNEIZ AF L 7T =TI L > THFE LT, 2 L C, Ml G o pgeic v # —%
AWT, Do &EIZEETLE (NLRMEE) 2 ANz, NLXMHOKRE SI1%, &
S 15mm, M8 0.1 mm, A TRIEEOFFFIIEAE M & Lo, FBEAtoRmIC AT
REaEs 2 A Dy, GO EERCE S ITRFOMEIZL Y, NLRMEEH D OB EFHA
WHEBIIKRES AR ZEDRMLNTNS Y. 2ok, BIEERmICT 5 AN TGS
DT ITIE, NS K 5600-7-9NZHEHL L, HA DY VAR AL, BEHEZ LI
FLWAEE AW, B EIE, M300g & LTERY, YVAREDFELIZ
A UL, TEZERICEVBRELE. Zhicky, BIEROEO NGRS, %53k
MBI OB mEEICIZEE A EEEL T enWEE 2D, £, FBREREO n
L1 THLHZLIZEDELSEZMENT 5720, —RICEEFEIOFMEE L THH S
D NLRIEER D B O REBEIZ “BR7 12 X 25Tl <, G & OBk

‘IR ICEVEMIE L7z, 24U &0 N TREGE D B O 72 8 BT OFREE & 51
HTLENRTES. TRHICKYBBRIEKEO n B 1 TH-TH, FBRERABHIEB T
HIHEMEDOFHZDHDDOWEIFE L RNEBE XD, LiohoT, 2 THEFEER
Bton#z 1 & LTERZED. ok, REBEOERIESH D - & #iRCR a5
o TERIE, > THIROIE AR PG ERBREFR OB & & I/ D> X
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FR R MmO O, BT 5720, EEAERMZOLONMEMIZE LIFTHELIE
ﬁuﬂﬁ?%&W._@k@,i L 7= VAR SR & 42D - E HiHs L OVARLTEER D -
S 2 WD 2 & T, B NI R AR A HERE ST 9 2 O RERIAM 2 52 hE L7z,

4.2.2 B EIRERER

JISK 5600-7-9 FffjEE COICHE SN TNWDE YA 7L AICHET T, A TR (KR
# 1SO-3-CYR ZHWTHAY 1 7 Vi (CCT) ZFEHi L. ERBRSMEIL, 5
mass%NaCl K IEIRE 7 TF2 2 U0 PNIRE 35°C T2 h, Rzf TR 2305 IR 60°C,
FEHTEE 25%RH C 4 h, 1 T2 2 5B PR L 50°C, AHHEE 95%RH T2h % 1 ¥
A7 vE Uiz, CCT TORBRY A 7 V% CCTn YA 7V (nidH A7 v LEL
7=.

4.2.3 &M

BN BIRA LB IIL, T XN~ A 71 A a—7 ((kk) =2 8 SMZ1500)

ICR VB LT, BIEMAERIT 304 E L, N LRIGH» S OB EREZ RO, &
AEHZ2WT,CCT30 #1127 /VH,CCT60 Y1 7 /VH,CCT138 ¥4 7 /)LH,CCT186
HA 7 VH, CCT222 4 7 VHBIONCCT 324 +4 7 VBIZ, #BRFEN S H
U [l —ak 2 flksfoe L CRii L7z

4.2.4 KRS

BRI DAL HTITIE, SEM-EDX (HA®E T (BR) # JSM-6510A, JI#FETE
20kV) W, BIE FERAERDOREIZIE XRD ((BE) U 7 8 SmartLab, & EK
Cu, BHEE 40kV, EEIR 30mA, 0-2015, &K 10.154nm) & W, BEAERY
DoHTIE, CCT 222 YA 7 Vil OFEHI T L TEM L7z, XRD IZHW 23 EHE
FEAE A G R Cd 2 S B R A OB 20mm TH D Z &S EHM R TH D &
EZBND. 2D XRD NF—OREERFBUT 1 EIE L, 554072 XRD /3% —

O i e A IS % [RE L7z,

4.2.5 BEXALFHIE
Figure 4.1 |[CfE BB AEORRR 25+, BEEENMOREICIE, BXLERES
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A7 2 (Solartron ¢ SI1280B) % VT, ZE5XBEMK, iR D 0.3 mass%NaCl /KEE T
(BAFERFaFN) ©H I 28t L (B— . =— - =2 (#) 8 PTC1 BET 2 F&L)
TiTo7z. ZMEM (Reference electrode) & 17 mass%NaCl /KIEHEH D Ag|AgCl i
(NEREWE 3 mol dm™ NaCl /K¥EHE, AL TIE Vs, AglAgCl I LTV &523) & H
VN7 kR (Counter electrode) 13 4 A~ o = &l & F V7= /B FAR (Working electrode)
XA BEERRE & Uiz, AL ORIERI 46> 5 3600 s 1212, BALIZT —EDEE /R Liz72,
ZOMEEBREME LTHWL, BRBEMOWNEIL, CCTHiE CCT 222 ¥ 7V
DA BHEFRH R LTI L 7.

Reference
electrode (Ag|AgCl) Counter
electrode (Pt)
PC
I/ \\I
[
0.3 mass%NaCl ; Electrochemical
Working measurement device
electrode

Figure 4.1 Measurement method of corrosion potential.

4.3 #ER
4.3.1 M

Figure 4.2 (2 CCT 186 YA 7 )V L 7= K @RI ONB G E %~ 7". Figure 4.3
IZ N TR 2> & OBIEM RG22~ 7. BER AU E TR R B 235 b K& VW i
2R Uiz, IR A &R0 C OB NG 2 i35 &, WA Iz s AL
ZITRD BN o7, 2721, CCT324 H 1 7 Viklitk ik, B mEIIES
PR E BICA— KL oo Tz
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Figure 4.2 Surface appearance of the each samples after combined cyclic corrosion test

for 186 cycles.

100 T v T v T v T v T v T
B Sample A
| [J Sample B i
80 @ Sample C

o)
O

N
O

[\
(e

S

0 50 100 150 200 250 300 350

Blister area on paint film (n=1) / mm?

Cycle number / cycles

Figure 4.3 Change in blister area with expose time in combined cyclic corrosion test.
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4.3.2 RS

CCT222 YA 7 NVA%IZE T 2K BB OGN L CEAIZEIW Lz, Sl
AERH ORE ZIIF 20 mm x 20 mm x 3mm & U, HAEH D, AFESL, WmnslisEa 17
- 7-. Figure 4.4~Figure 4.6 |Z CCT 222 A 7 )V Efi L 7= @k A, B, C OWrm
F 5@ SEM-EDX oAb R & ~9. & EDX ~ v 7 HE{SR CIlIA LR RE D E O
FHLZWa Y F I A RNTERRENTEY, FEDX~ v TEHBORIZH D1 T —— L
K5 2 & TR ILRDOGMIRAEN oD, T2 & 1L, Figure4d (2 RL7Fe~v v/
ERIZBIT DT —N\—%H D & RRENE OIS ITAG~IRE, JLRREIMEL
B LTV ~fka~F O L AL, TRBENZEE 0 & e 2 EaTiRie
~HBEOTERENTWD. LN - T, Figure4.d O Fe ~ v 7 TH GO ~F RO~k
BOERRINTNDES T Fe ZRHENTEY, Bifa~RETERRINLTWD
B34y CTIE Fe ME & A ERH ST, F3EREHC BT % EDX < v 7 HigIc kB
WTClOZEENCERT DL, WTnoiers, B FEEAERY I Cl 23 EME L T
W5, ek, BIEEUEE B @ SEM B O R RO Sy TIE, B ORBHKIZ &
B2 ) MERAAE T TWD. Zau, WrimBle el ERIREC B T 2 TR CTA L
EEZD. Fl, MEHIZBWT Zn OAEHSINATEY, CI 0 FH st Tunen
£ 91CH % 5. SEM-EDX 7547 TILEF# 2 sUBHI U L7 BRIC, BUBHR 2 & ik
SNDOFME X MARET 52 L CTuELRET D, LREROREILSICHEDOFE X ##
TANX—IZENH D Z LR L TP, Bt CIIFrE X o B s K&
W ERHBNTWD., 20728, MEEOTRMIE TRAE LI/ X ok E 5
FREEDIK TS, Zn XV BBILHETHL O CLIZBWT, BHEICHOLDLNTTZHTH
HEFEZD.

B TS RN IE & TR A7 - T JFOREZFEMIZAT T 5729, CCT222 YA 7
R DOBEIEREL A, B, CIZoWT, ERAA L E—2A ((BR) HyinA 727 /e P—X
#l FB2200, Focused ion beam; FIB) |Z X 0 JE &A@ OWimZ T L7-#%, SEM-
EDX Z3#7 %17 > 7=. Figure 4.7 ® FIB NI TORKAKIZ/RT LB Y 3 mm x 10 mm x 10
mm (ZEIEF L7308k A i (120 um x 120 pm x 10 um) % FIB {2 CTHI T L7=.

Figure 4.8~Figure 4.10 |Z FIB /I T. L 7250kt O Witai SEM-EDX o#r i 2 ~d. &
ERELA TlE, BED-oZEICALY v FREENH 5. BERE B T, BRAEK
P)FIZ Sn U FRiEEA S B & LB, FHFED - ZBIZE VT Sn U v F 2RI
3 um OFRITHFIEL TV D, CCT HID R 60 mass%Zn-40 mass%Sn &4 > & JE1E
F160pum TH Y, ZOH > EJFOWEIILHHIRBIZIB W TKI 3um @ Sn @213 H -7
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ZEEEWRLTWS., BEEEE C T, IEBAERWIE & RAF D - Z 8 OB TR
RRERLTEY, HBERNSEHEST S L, ZnFe G@EDO—D2THD (D]
REMED B 5 P, LA EOWriE SEM-EDX 73 R A AAMKICE L D5 &, Figure 4.11 &
.

WIZ, B TIZAECTBRAERMZRET 5729, CCT222 A 7 Nkt D&%
RN LT, 20o—#2 W%, BELFIEEAIC L VBREL, BMRmICEEL
TWIE B A XRD 12X V5387 L7=. Figure 4.12 [ZBIE FIcA U W@ a4d
D XRD fEREZRT. WTFh oL S, FER v — 7 [T AR LR
Zns(OH)sClz » H20 Th o 7-.
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Sample A (CCT 222 cycles)

Scratch , Embedding resin

Paint film
Corrosion products

‘ Coating layer
¢ = -H*’“\/ (94 mass%Zn-5 msss%Al-1 mass%Mg)

Fe

100 pm

Figure 4.4 SEM-EDX analysis of corrosion products formed on the sample A after combined

cyclic corrosion test for 222 cycles.
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Sample B (CCT 222 cycles)

Scratch / Embedding resin
Corrosion products

' Paint film

Coatm g layer
(60 mass%Zn-40 msss%Sn)

— Steel substrate
Fe

|:; - . : 00 |.| g

Figure 4.5 SEM-EDX analysis of corrosion products formed on the sample B after combined

cyclic corrosion test for 222 cycles.
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Sample C (CCT 222 cycles)
Embedding resin
ScrfrltCh Paint film

~— Corrosion products

Coating layer
(100 mass%~Zn)

0K

100 um

100 |.|

Figure 4.6 SEM-EDX analysis of corrosion products formed on the sample C after combined

cyclic corrosion test for 222 cycles.
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Focused ion beam

Scratch

3 mm

/N

Processing arca by
focused ion beam.

120 pm X 120 pm X 10 pm 10 mm

Figure 4.7 Schematic diagram of the FIB processing.
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Sample A (CCT 222 cycles)

- EDX anal
fz.'.'-;.r: ;

y K.?g b
P e

Residual platig layer, 60 um
94 mass%Zn-5 mass%Al-1 mass%Mg

——— 10 pm oK ———— 10 pm CIK 1

] pm | () pm w— ] () pm

Figure 4.8 SEM-EDX analysis of corrosion products formed on the sample A by the FIB

processing.
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Sample B (CCT 222 cycles)
SEM

EDX analysis area

Corrosion products

Residual plating layer, 20 um
60 mass%Zn-40 mass%Sn

——— 10 pm CIK

w0 um e | ) pm

Figure 4.9 SEM-EDX analysis of corrosion products formed on the sample B by the FIB

processing.

85



Sample C (CCT 222 cycles)
SEM

E |
Corrosion products

Residual plating layer, 80 pm ~ 90 ym
100 mass%Zn

———= 10 pm ClK

| pm

Figure 4.10 SEM-EDX analysis of corrosion products formed on the sample C by the FIB

processing.
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Sample A

Scratch
\ Paint film
Corrosion products (Zn,Cl,0)
&—— Alrich area
®— (Coating layer (94 mass%Zn-5 mass%Al-1 mass%Mg)
Steel substrate
Paint film

Corrosion products (Zn,CL,0)

dD
L ‘ - W‘;@/ Sn rich area

®— (oating layer (60 mass%Zn-40 mass%Sn)
Steel substrate

Sample C
Scratch

Paint film
Corrosion products (Zn,Cl,0)

®— (Coating layer (100 mass%Zn)
Coating layer (Zn, O)

Steel substrate

Figure 4.11 Schematic Figure ures of under paint film corrosion of Hot-dip Zn alloy coated

steel sheet.
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[ Zny(OH),Cl, -H,0

® 7Zn

Sample A
=
<
2
g Sample B
2
E -

Sample C

0 10 20 30 40 50

20/°

Figure 4.12 XRD pattern of the samples after combined cyclic corrosion test for 222 cycles

4.3.3 ERILFHIE

Figure 4.13 (Z CCT RO BB BN P ERE R %~ 7. Figure4.14 [ CCT222 H A1 7 v
B OIS REN 2777, Table 4.1 (25 BEEEHIISIT 5 CCT Aij & CCT222 WA 7 Ltk
DG REENMNZ 7. CCT RIDFRENIL, FBREFE L b1, 1T LA EEITR<K-1.0
V &R LTz, ZHUISBEREHIA 5 L2 N TREEICE W T, Do X RENFEHL
TEY, Do ER\IFEITZn THDLHEBZx NS, —F, CCT222 A 7 L% T,
BIERE B RO ERIBREMEZRLTEY, ROTERERE A, BERE C DIET
bHotl-. L, FRBIOANTKRIMEEICENTEHL TW D> EXEMEE L2 &
T, PIHPREE L FBRARLIREIIEE LI L2 RL TS EEXDBND.
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0 - ' !
X Sample A 1
= | - Sample B 4
% 02 Sample C
L—04F I
<
>—0.6 F 7
m-\
=—08 |
=
)
S—10F T--—-----—-----—-- y
—1.2 | 4
0 1200 2400 3600
Time /s

Figure 4.13 Corrosion potential of the samples before combined cyclic corrosion test, which

were measured in 0.3 mass%NaCl solution (Open to air, stagnant, room temperature).

0 T T T T
Sample A
-~ _a~alL ---- Sample B
0—02 P -
T )
< Sample C
204} ]
I
>—06F T TTTT T s-—-- .
5§ e
:?2:‘_ 0.8 A ]
= A
)
‘E——ID - -
— 12 1 N 1 N
0 1200 2400 3600
Time /s

Figure 4.14 Corrosion potential of the samples after combined cyclic corrosion test for 222
cycles, which were measured in 0.3 mass%NaCl solution (Open to air, stagnant, room

temperature).
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Table 4.1 Variation in corrosion potential with expose time in combined cyclic corrosion test,

which were measured in 0.3 mass%NaCl solution (Open to air, stagnant, room temperature).

Corrosion potential, .../ V vs. Agl/AgCl

Before CCT After CCT
Sample A —0.95 —0.75
Sample B —0.99 —0.59
Sample C —0.95 —0.82

4.4 B

BRAE U 7SR B4 D o ZHIIC R 1T 2B P RIX, KOMESENBREEL LB
LChHoXBERICET D L, FEMNERSNVERNELSD. £ LT, BRNIG
12 B 7o THER LKA A sk, BIEOBEEENMET L, S57R5805H
TEAENEITT D 9. Z0k, BELED > ZHROBE FER 2B 2548,
OBIEO KRR E T Hilat:, QBIEE Do X EOREITEIT L5, @
S EBOMEMEEZBETDILENDHD. LNLRRDL, O COBEREIC LT
Do XBITETDHNLKRMGHZ S5 Licied, MR TIET / — RIS L DE
BARMOIE, HRENAET D Z LTk d. I, MEBIZIC K-> TEIEEN %3
i L7235 A0 28T, BIK FICA U a4 OHERDRIE 2 3Tl L 7= =
D, Lo T, BEEIREND, MRMEEZFMT 5854, Ak L720H-
TEOMEBMEN LB THDLEEZOND. ZOLIIE LSS, MEBIEIC K
o> CRO - BIE VIR DT EMEZ T 2 &, BRI A= BIGEUR C > Bt
Bt B ONEIZIHEMEICENATND EWVWR 5.

BB URHZ B 1T 2 N LRIMGE B A CTeBERAO ERIE, BE D> EBOE
BT E B0 AE LT EMHEAL IS, Zns(OH)sCl: « HoO % R & L7 BN
HE LT ChoTz., ZOLDBETHERIIUTOLIICEITTS2EBZ20615.
XU DT, HEPBHEANLTZKRBREICL ST, Hox@BRERTSH. ZhicE b
S TRAE LB EAERD DB N ICHRET 5. 2056, NLRMBEEHHHEA L72K
REFEIL, BRETICHME LZERAERME T LT, DoXBOERNETTSH. L
Mo T, BB CRREBIEIZIUEIZZENE U BN E LT, OFBEREHT
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BT LBETEEERDOER, QD> XBOFRHIEDOERNHIT D, AR
HITESH NG > EHIROBE FEEZEEZH LN L TEB Y, FBEREHCE
OB TEREFEE BT 5B 20N5b. 22T, FBERBHCRBIT 2 BE TG
B & > X OB REEEIZ O TGS 5. Figured 12 (R L7z &R0 %
FEE 8 B AR R I SEVEHE AL SR Zns(OH)sCla » H2O T o7z, Z OV LT Eh
Zns(OH)ClL2 - H20 1%, ERfbfigh ZnO & LEER L C, KMFEFEOBRER 71254 58
SR DB E N EVDILTWN D 12 FEEFER N D DT OBRERE T, HEAEME
HHER Zns(OH)sClz » H2O 23384 LTz, 7=, Wikl SEM-EDX Z0#Hric 8 C 1 & ik
AREHZ BT 2 B T A AR OFUE SR 72250372 <, SEM i 5 iduvih
bR B AR R A T IR TR AR DR e & E EACRFET 5 72 SEM
EGBEE L TR D HiEE LT, 77 v 7 X e HOTEBIE TIE R AR O -1k
f@dztigd s Lz, 77y 7RI iEfMbE 4, AFHA (BlTA) 0, 1R A,
B n ATk Thobahb.

2dsin @ = nA 4.1)

Table 4.2 (Z#5 T MNE d OFFEFERZTRT. WIEN b EHNE d (S 2= BT
RN BB, BFEEEI NP EaA— A= —TIEL OV TWAHERE LTide
SF AT —VEOIEERKTH DL EBEZOLND. RIS IEMHEACTEEY Zns(OH)Cl, »
H20 (003) D - & Frie L7=. Table 4.3 |2 HE O FE S B2 w4, S datphic A
U TV B RER O AR AR ZRIT 2. IO OmET LY, B FEAL
R OREREE T Db D L, BE TIZBT 2 EERM DOFEENIEMEICEE L T
WD ATREME DS .

WIZ 8 - EJBOERIHE DZEFNT DWW T, R EAL OWIERE R L OWrifi SEM-EDX
IITORERNOHELE T L5 L, WTNOBIEREHIBW TS, Do EREOM Zn (ZHH
M DRI EICIE RS 5. 7270 L, B3l B 1T Figure 4.9 (27K L 72 rifi EDX
D&Y 60 mass%Zn-40 mass%Sn 5D - XJEOREIZE Sn Vv F /RN SLE L
TWele®, Zn & Sn OFENMZEIZ X VMBI L D I EEENR KT NWEEZ BN
5. FO%, #i Zn LITER DO HBUZ K > THRIE S M OJE B2 H S Tz
EEZOND. BARRIIE, B A TIX ALY o FEE, BEERE B Tl Sn U
v T8, BRI C Tl Zn-Fe &4 £ B 2 G D IO MBI TH 5 . Figure 4.8~Figure
4.10 |2/~ L7=Wia EDX X0, B3EE B TiX, Sn U v F B0 LI B4R 3 HERE
LTEY, TOEAIFA0um ThHoT-. —J7, BEREA, ClIBIT2ERAERY
DEHITHI 20um ThH o722 Linh, BEERE A, CITEBEFE B & ik U TIRIE S
FOBEOETHRMFEI SN TN -EB 2 b5, £, BIEREBO» - X BNITIL,
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Sn U FREESMT Sn U » FREURAAEL TV, 2D ELiX, Zn &, Fe °AH)
ek L7z Al OFAG D LD bEMMADRKE VY Zn & Sn OMAGOEBNELTND
&S ok, BEREI B OD o XIS Zn MEEMICERL, %
DGR I TBEREL A, C LR LTRENWEEXOND. Liondo T, wiEEE
B IZEEEEL A, C S Hl LT, ERRICERAERM N RETIDICE LS T, &
KRBz S K& REE R LIz LT 5.

ZDXHTEZESE, CCT BV TiE, BEERE B 13hidalel & i L
T, AMRBEERDOIENET D SO0, —EBIRRGEE I A& AR O HERS
L, TRUCE B )RR IERRNRICE » T AFHEIXME T2 LT 5. 2
OHERNL, Figure4.3 DFERNHEZ TR Y THS LHKT5. $72bb5, Figured.3
IZEBWTEBERE B IE, CCT60 W1 7 /L &BEIC LT CCT #aldlz x4 % B mfd
DHENRRKE S H2D. CCT60 VA 7 25 L LT CCT Rl 4 2 @B E Lk
FEZ BRI L35 E, EROEEIE, CCTO YA 7 1~60 YA 7 L TiL 6.3 x 1072
L7, —J5, CCT 60 YA 7 /W~222 B A7 MZBITHEDMEIX 1.5 x 102 L7205,
L7=8> C, Bkl B i3kl A, C &Il U I R AN BAET D
LOO, BEOREE EHICEREEIIK TIN5, 7o, BERE A,
C DBIFEHANEFEITIEE A EENR2N-T-00F, WA L7z CCT HIF T, »-o &£
DR Zn ITHY T HH D BERLIZOHZRTH Y, T Oy OB RITI L Clddiiae
A, COBBEEICHEENEL RS20 THEERD. £, BEREA, CT
1 CCT222 WA 7 VLI BIEIZIVRFE DS R L2 IR, SEE0E A l2B10 5 Al
U FiER L OBEERE CI2HB1T B Zn-Fe A48 D/OAMIRRE D ZEFICHEK L T\ 5
DTIERNI EHEERT 5.

Table 4.2 Calculation result of lattice spacing.

Lattice spacing, d / nm

Zny(OH),Cl,~H,0 (003)

Sample A 0.789
Sample B 0.796
Sample C 0.803

92



Table 4.3 Calculation result of Full width at half maximum.

Full width at half maximum / °

Zny(OH),Cl,*H,0 (003)

Sample A 0.40
Sample B 0.52
Sample C 0.44

4.5 K=

5 94 mass%Zn-5 mass%Al-1 mass%Mg & 438 > X Hiltl, Rl 60 mass%Zn-40

mass%Sn &4 8 o = HiHK & R 100 mass%Zn O > R DW T, BIE NI S 1
TBRERMDEMEICB JIFTEEZRFI L, Do ZBRNICEBT 20NLE O
EARREDF N OB LR, U ToMimElS.

1)

2)

3)

4)

BREAEEICE > THEEZFEMLZSES, B LZEM Zns
mass%Al-1 mass%Mg &4 > Z Hitk I L OB L7245l 100 mass%Zn 8 > & 8
MiX, CCT 222 %A 7V H & TIlIEdE L7l 60 mass%Zn-40 mass%Sn 5438 -
SHIR LV b BAF &M E s L.

CCT222 YA 7 )VERBRIR ISR FICHERE L T B RARWIL, AR e b
(Y AL SR Zns(OH)sClz » H20 Th - 7-.

A A 7 ViRBRATR CEARBMZRNE LICFER, CCT222 1 7 villirizicis
WC, BEE L7 IARR 60 mass%Zn-40 mass%Sn 54D o X i 2N i b B R EAL A R
L7z, ZORKNE, DoZBHICHLHK3um D Sn U vy FETHDZ LHELEIN
Tz

BT IR S DB RAERRY) OIRIEIL, > Z @ OWRINTLHE ORI
REICKE S EEBINDAREERE <, Do X BRI 2WINICHE O AAIRIEIX
JEROETHMICRKREREEZB LT L TWD Z ENRBINT.
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#SE RMFRE L REIREO MR

5.1 &5

F2EB IOE 3 ETIIBEDO R Th D RIRR Y & BEERIAHAMEICB XIETE
BERET LT, TOMRER, BIEZOLONFOERR I3k 2K L & big, &
& FHE R O EENTNEMEICEE L TWH I e 2B L. £/, ERE LT
W= B RIZHR T 2 8 B A O S I LR e B ORBICEE IS 2 &
Woholo. 4 ETIIRMERE L L CTHEhD > TR Z HWTH - ZBANOERINIT
FIEB L CTEREEMEAZ G Lo, ZORR, Wi > ZBNICTE T 2 IRINTHE OFE
& ATIRBENE B DOHIT H B L TWD Z L2 LM L. Z 2 F TOMR
FERAZHE 2 C, OB RIERZISHA LB BT AT A0 a 7T Lie b FH
TEEEM OME L BIE . BARE L THIND » S WHZ i L= T 1 v 7 7 1Z
£ 2 FEHFEEZTY, EOREIREBERIEH BT RV XF—ITIC LV BREET 5. Kl
H T VX — AT I B 2 0 THFZE T, BIROMBELRY /5 ) & Rl H = Rk
F—DRIZOVW TR SN TN DN, FHRE L -&EERm & B OMAEbED
BAEOPOREBABHT XX —IZOWTEm Lo mEIXIEEAERND. 22T, ZZ
TIEEHFHIEL AT L0a 7 LR O T A ¥ 77 L & btk z
AW TR MR U 7otk o R mik g 2 R im B B = L —fTIC L O BREEL, Bk
Mt E ORBREHLMNCTHZEZHE L.

5.2 Fik
5.2.1 &¥b

Table 5.1 |2 &R B2 ~d. 3B A, B, C DR & L CHRBIEZLESK (SPCC-SD, 1.6
mm x 50 mm x 35 mm) ZHANWTUA ¥ 7708 (U a—b (%) #CID-1100, [
R EE 2400 min !, AUEERFM] 180s) AaEH L7, BB A IZHHRAR A —L DA ¥ T T
V, REIBIE= v o TR A — LU A ¥ 7T B LORENC TSR o 3
BRA =T A YT TV 2N, Table5.2 12V A Y7 T IZG@A L= - & &4t
T, F72, FigureS5.1 1KV A Y7 7V ONBEEEZ-RT. 3k D, EORME L
T, BRAE O - MR (BF) AZ X — K7 A FE—2X# SPCC-SD, H->XJE 8
um, 1mm x35mm x 50 mm) ZHW\W7z. BE D IZe—=0 270 (T ()
H COP-U3) %#1T-o7-. HEHHIIH T A —X (k) & _Resi7e il FGB#80), #%
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HESNIRCKI 0.4 MPa, JEM 0.5 MPa, S EEEEIL 10 mm, FEETEFREILZ30s (B

B&IPIT & 2 JER

BHE 1%
T RKEZE

RREERT T A~ WS IRE IEREZ 3 mm,

#AEFD LR TE—

v e )
ME 25 K NE

EOTHFM] 0.2 s, JEMEZEAUE IERFRT 0.1 s D
=B T-1%

DKL) & L7=. &
N2 (#fFE 99.9995%LL F) Z Hu

BT TR (T T A~T 77 F)— (H@iPF DFMIJ01) Z 3 L7-.

MREHEE Z 1 mms! & L7=.

Table 5.1 Various surface treatments of samples.

Base . Surface treatment
material
Steel wheel wire brushing
Sample
A Rotation speed 2400 min~!
Processing time 180 s
Ni plated steel wheel wire brushing
Sample
B Steel Rotation speed 2400 min~!
Processing time 180 s
Zn plated steel wheel wire brushing
Sample
C Rotation speed 2400 min~!
Processing time 180 s
Penning
Sample Projection material Glass bead
D Injection pressure 0.4 MPa
Acceleration pressure 0.5 MPa
Electrolytic Distance 10 mm
Zmztlé (ljted Pennin Atmospheric pressure
& nitrogen plasma
Sample iacti ;
E PI"O_] ecﬁon material Glass bead > Gas N,
Injection pressure 0.4 MPa Distance 3 mm
Acceleration pressure 0.5 MPa Speed 1 mm s—!
Distance 10 mm p
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Table 5.2 Plating conditions.

Bath NiSO,+6H,0 280 g dm™3
composition NiCl,*6H,0 45 g dm™—3
p H,BO, 40 g dm=3
AHOd? Ni sheet
material
Ni Steel wheel wire
lated Cathode Wheel diameter »51 mm
C;’n it | material Wheel width 11 mm
Wire diameter 0.4 mm
Current 3A
Time 5h
Temperature 30°C
Stirrer 300 min—!
Bath ZnS0O,*7H,0 180 g dm~3
composition CH,COONa 45 gdm™3
Anod§ 7Zn sheet
material
Steel wheel wire
Zine plated Cathode Wheel diameter »S51 mm
condpi tion material Wheel width 11 mm
Wire diameter 0.4 mm
Current 1A
Time 5h
Temperature 30°C
Stirrer 300 min—!
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Ni plated Zn plated

steel \g{heel wire steel wheel wire

Steel wheel wire

Figure 5.1 Surface photograph of various wires.

5.2.2 FHRRATHT

FEHZ B T 2 REIRZH 50T 572 SEM (HARE 7 (BF) H JSM-6510A,
JEFEE 20kV) 2 Wiz, fiz, £BRmEOTEM D 2 W 50T 572012, EDX
(AEAREF (k) B ISM-6510A 1)@ EX-94300S4L1Q, MIEHESE 20 kV) Z 7=,

K ILFEDERIL ZAF E%5 HW -,

AEFA, B, CITxT 5 1 HEFOSHTHIFIL 2.1 mm x 28 mm & L, #EHMIC 5 H
B, BEHMNC 4 BLEFHRE LTS O 7265 20 B OEIG 2 G+ 2 2 & T, 10.5mm
x 11.2 mm DRIk FEH SEM-EDX AT 21T - 72, A48 CfF 5 7= i SEM-EDX +
v TEBICKR LT, ZAFEEZ AW TER L%, 20 B0 FEE LB FEZE (lo) %
B L7z RED, EICHEA L-EEUEORENSE 25 LB D, E OFREIRIE
XL X T EA LRV EEZX NS 1 HEFOA LRSI E2ITo72. 1 7B
ORGP 135 um x 100 pm & L, ZAFIEIC X W R TTEDEEEITH 7.

5.2.3 X E BT R/)VX—REHT

KNI L TR H= R VX — T 21T - 7. BEEROFR M H H =RV —% s,
WIRORHEHHT ALY —% ., FEBEHHTZ RV —% ys1, #lAZ 0 L35 L0
TIZRT Young OB FKRALT 5.

7/527LCOS‘9+7/5L (5.1
Fo, MEMEFEZ WL & T2 L LLTFIZRT Dupre OFDBAALT 5.
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Wso=VstVL Vs (5.2)

X(5.1), G206 ysL ZVHE L TEHET 5 &, LLFNIZRT Young-Dupre D3G5
nb.

Ws. =y, (1+cosb) (5.3)

K H BT R — T CIE, Rl B B R X — &0y, SESE G ym
R ST P I 0T T 55 2 J7 DM 2"B S TH Y Fowkes Blan V41X Lo & LT,
Owens-Wendt #ifi ¥, Kaelble-Uy B ¢, dbli-tEERR 7, W BGR YER3H 5. 22T
TR R &SRB & LTS 720, 0BT ya & RRPERL Y yp ICHIRT 2 Z oD%k
1 H TRV — 25135 Kaelble-Uy #m a8 H L7, Kaelble 512 X - Ti#
DTz (5.4)~A(5.7) & A 0 ORERRE W THAB ORI A BT 2 L¥F—%
B L.

d p

Vs=VsT7s (5.4)
d p

VLTVt YL (5.5

d d P P
WsL =2 757L+2 Vs7L (5.6)
d d
y (1 +c0s0) = 2\/ YsrL + 2\/ Va1 (5.7)

PefiiAg 018, FRBE T ' N S K BB, BosaiaEt (R =y 7
LSE-B100) # W CHIE L7z, # FARIILL T O 2 fE L L-.
7%V ()u634mNm!, y437.0mNm !, ypP264mNm})
WEH X7 7 0> (381 mNm !, 79381 mNm !, pPOmNm )
BEWR O FEIEL 1 mm’, SEKEZTE N2 S s ROwA 60 2 E L. HfitfA o
DOREIXENEIN0ETT, ZOYEZ AW TEREHI I 2% m A =¥ —0D
YRS psd EMBPERRSY ysP R LT, 72, A TH BBt O£ H H T L ¥ —y
CHEEBETHLIBIEORIHBHEZ RNV —ps Z[FETHDH EUE LT, BIEOXKEHH
THRNAX—ps (Zp) RO LD IR, =R UMBAEEE (BIE~2A >~ (BF) =
A<V GX) BIOXY 7Y vFf b (m—r0 (BR) ®) 22xntnho 2
BAZEBAR U721, BRI TS ¥ 7. 2 LT B2 S 7277 AT L C,
AT & [FRRICHEA A 0 7> & 3 Aoy 8 & RERic oy pP 25t L 7.
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5.3 FER
5.3.1 FAEOHT

Figure 5.2~Figure 5.6 (2% 2  © EDX Z0#AT#E 4 7~ 9. £ 7=, Table 5.3 |Z EDX
THH SN TR LT ZAFEIC XV EE Lo RZ/RT. 2 X, D
SEHRTA YT T UAEE I =y F LS EHR T A ¥ T T AET 5 2 L T,
HIMRFE I Zn B LN D5 L7 Z &30 5. Figure 5.7~Figure 5.9 ([Z30E} A,
B, C ® SEM-EDX ~ v~ 7' #i#4, Figure 5.10, Figure 5.11 (Z#E D, E ® SEM @4 %
R 4% EDX v v THBCIIA TRIBENSVIEER LN R TR N TRRIN
TkV, % EDX ¥~y 7HEIBORICH D H T —\—Extb3 25 2 & THRILEDO AR
REenbnsd. =& 21%, Figure5.7 (2R L7 Fe vy THBRIIEA~RKETHDH Z L)
5, MEBREND HRICFe A SN TWD Z &35, £/, Figure5.8 1Rk L
72 Fe < v 7HEBITAGO~REDOEHIITEB T Fe M SINTEY, Bitt~REa0
T Fe M E A EBRE STV RWZ 23025, Figure 5.8 35 L 0" Figure 5.9
L VREB, COEMEIZAZE L2 Zn BLONI X, S ER 2L 1B L T 57,
FHER DT L CO D @A SEL TV 5.

SEM EIfRIZ31F7 2 = M7 A ME, BIERIZE T 2 “IKEFORAREIKFT S.
“IRET éﬁ_ﬂméﬁiﬁf%@kbf,ﬁ%ﬁ@%%,xﬁ%égﬁ@%f
%hé%.t&zi,iyV%,ﬁ%%%®m WILHECFEEE M IIH D V3 b
T ARNTERREND. LD BLOFEE X, B 1 um ORLRY S SIEL TEY,
ORI, AV a P T A RELTRIZINT. REDBIORBEICHREL
TWRRRIT 3 L C EDX I X D i 2 L7iE R, BB DX Zn & O ThoTz.
L7l - T, £REID SEM Bz 52y M7 A FOZERY, JLHEMRSICHFEL
FEBHEOBEWVNCLLZHDOEEZ 2 LNS. 7700, Rk LOREREE ML Zn &
O DILEMTH Y, MEAL L g L CEEENMEW D, o nwar A ME LT
ForENTZ LHEERT S,
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Figure 5.2 EDX spectrum of the sample A.

4 | ) v ) v III v I
Fe Fe

(8}
T
1

Fe Fe

Counts / keps
N

f—

(e»]
S v T
=0 o

2 4 6 8 10
Energy / keV

Figure 5.3 EDX spectrum of the sample B.
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Figure 5.4 EDX spectrum of the sample C.
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Figure 5.5 EDX spectrum of the sample D.
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Figure 5.6 EDX spectrum of the sample E.
Table 5.3 Composition analysis by EDX.
C O Si Fe Ni Zn
/ / / / / /
mass% mass% mass% mass% mass% mass%
Sample A 1.5*0.5 0 0 98.5%£0.5 0 0
Sample B 1.6+0.5 0 0 83.9149 14.5*+47 0
Sample C  2.1£0.2 0.1£0.3 0 55.0x4.5 0 42.8+4.4
Sample D 4.2 1.7 0.4 0.9 0 92.8
Sample E 3.5 1.4 0.2 0.3 0 94.6
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— 300 M = 300 pm s 300 pm

Figure 5.7 SEM-EDX mapping of the sample A.

L

— 300 pm

Figure 5.8 EDX mapping of the sample B.
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w300 um w300 um

Figure 5.9 SEM-EDX mapping of the sample C.

WD10mm 5530

Figure 5.10 SEM image of the sample D.
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WD10mm

Figure 5.11 SEM image of the sample E.

5.3.2 FHH BT RVX— T

Table 5.4 (282l 0 D 10 [BAE FHE & AR E (16) % 7~9. Table 5.5 (28l
£ 0 O 10 FHEFE HFE L2 ARt oRE AR = XL X —ys 2R, KA
TR X —ps IZHFEHT DL, RELA, BOREHBET RV —ys 134 50 mN m !,
AREC, DOZENITN4 MmN m !, EE OZNidHbRESHNO60OMN m ' TH-
7o WIT, REHBETRLX —ps OFICE BT D &, S s 1T A REHI B W
TIEEAEERRLSKHITmNm ' Thotz, —J7, WS psP 1345508 CHRE /2 7=
N0, BELA, B O ysP 13K IS mNm ' THAHDICH LT, RELC, DX
TR 3mNm ™!, BEFEDZIIRDKRKELS 24mNm ' THotz. F72, =HhRFv
BHEEEIO 8%y 41X 33 mN m !, MRPERD P i3 mNm !, Yo7 U vF~dg
¥ ROZEEST LT 37 mN m T, RIS plPlE 2l mNm T e o7
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Table 5.4 Contact angel 6 for each sample.

Base Surface treatment 01 01°
material (Glycerol) (Liquid paraffin)

Sample A Steel wire brushing 39*1 11*1

Sample B Steel Ni plated st.eel wire 3643 8+ 1
brushing

Sample C Zn plated S‘Feel wire 62+ 1241
brushing

Sample D Electrolytic Si0, penning 70+1 131
zinc plated S0 )

Sample E steel 12 PEITInNG 16+1 15+1

— N, plasma

Table 5.5 Surface free energy for each sample calculated from the contact angel 6.

Base S total ¥s YsP
material Surface treatment / / /
mNm ! mNm ! mNm!
Sample A Steel wire brushing 51 37 14
Sample B Steel Niplated St.e el wire 53 38 15
brushing
Sample C Zn plated st‘eel wire 40 37 3
brushing
Sample D Electrolytic SiO, penning 38 37 1
zinc plated : :
Sample E steel 510, penning 61 37 24

— N, plasma
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5.4 EZ%

PR T I HER M 25 L T2 all € L High D - S Eili A2 BEA & U723k D ofi
AR psP i, S Z R & L7723k A, B LR L TR 1S DIETH -7 2 &b,
AEHC, DITFUEIA, B SHE L THUKMERE CTH 2D EHEETE L. kv, &k
ClI#itR Z RAf & LTV DI H 0 0b 63, Hifhed > ik & [ —DOREIREBTH 5
EWVWZD. TRbHEE CITHRD & U A YT T UK 0 E FHGEE TS 2 b
T, D o IR EFEORBEHBHZ RN X =2 BRI L2 Lo b, —J, s
BRI E L CRRIEEHR T T X< U U 7= E ORPER Sy psP 1F, SR Z R & L
ToilBE A & HI U TR 1.5 %, Highod o EHilika RibF & LB — =0 7B D A LTk
BED LB LT 245 Tho7oZ &nh, 3B EITEE A, B, D &l U TR
KETHY, BB LIOHNE b RLRDIEXMEAB TR LF—2HLTND I ENH KRR
JEEFR T T XA ERDGB E OYER Sy psP RS ETVWDH B2 6D, @R
BIRIICHRTT D2 RREER T T AW O F 72 F1x, RRIEER T T A<IZE-T
R INDAY URMBHRT VML) BRMEIRE O AN SR, BRESND Z
ETHDLENVDILTNS 112 BB EICEH LI RREEHR VT A~ L, 3k D
DE—=2 ZHERO R L il LT, ®R3%EC OEGERMNBD LizZ b, REE
BRI T AL > THERINT= AV VROBRFE T ¥ M L - TRk O F 1%
WIS, BRESNTZ EHESET S, KRET 7 AL, KRRET T X< BT A
WCHEIR U7 R K » TR LM R o b2 kETEX 5 . LER-T, 20
FERIL, ERD OB Z LN TVWDIRKET 7 AUBOMA %2 T HHDTH -7,

TARF AR ENE, BB C O ps? 37 mN m™ !, MRS psP 3 mN m ! &
ZTNEIEWMEZ /R Lc. 2 2 TriR L722(5.2) & K(G.6) D St B =R L F—ysL i
HIRLTEHET L RN THLDIND.

7u==Vs+7q:-(2J7§7i-+2J7§7i) (5.8)

Vs = (\P B \ﬁj * (\ﬁ - fijz (5.9)

B0 K Y ER S EIKRD S EUR S pst, yd 3 KO SY ysP, yrP 23 AV MZIT WD
EDORE, M H BT R —ps VMR T T 57280, RAF2RIWNELRELT 5 2 & nb)e
L. LIzhoT, ELC, DIZEIA, B Ll L CBUKMEREZA L TBY, &Rt
C, DI A, B L L T=ARF UHIEERODIVEICENDS LEXDND. £
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7=, ®ELA, B, EIZikEC, D Ll LTI KMEFEmZA L TEY, RELA, B, E

ITRE C, D EHLTY U7 U v F AV FORNEIZEN TS EEZ BN,
BEIOBLNMEN BRI CTH D56, B L FMAEOREICERAE CIC WiERE L
T, MEMEOR RIZHRBHLEEZLND.

55 §EE

BFHBIEL AT Loa7 L bHind > XMWY A v 7 7 o LEREINIC X 2 FH
TR L7 ORENIRIEZ R il B H =V —MATIC LV BEEL, BEtOhn
PEICOWTEREIMZ MR, LLTFOM®m e
1) #RERME LI b o THind > WY A v 7 7 PR U 7o 8tk x

g > @ik & [AEORBAHR =R LF—%2F LT\,

2) RRUEEFRT T A 2 Z & THighod - & FbE i O MR s 23R L7z,
ZOERZ, RIJEZEFR T 7 ABIZ L0 iignd - EHkEmEIZHB T 5 6D
DR, HEhD > THRKBIICEREPEAINTZZOTHL EEZXBND.

3) KFRHFRFEEZ A LR & Bk & O RfR A K A BT R L X — OB b RRGE
L7oAER, SRt A LI T 2 BBt o bt 4 k35 2 & T
BAER Ot At 2 17 BT X 2 A[REMEN R STz,
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6 T BRI DM EMEICEN 2 HT AR AT TT HE ORREY

6.1 &=

ZZE CTORMRR» S BEIC LD EBOIRIT, BEAENR T SRR, BiK
ICEEN DB LB P ISR SN D ERARMICEIND Z ERbh o,
Fo, BETICERSNDERAERDOIRIEIR, FHIRDITHEIND 2 LBRBS
Nz, 26 DR &R ORI R/EMIZE B LIHHEII &2 27 LA OWE 4 1
BWE LT, Mghd-» MY A4 v 7 T A2 RAW-EMARON T A2 EFmE BT RV
X — OB DR LTz, ZOREE, SRS LS IHEn D - X ik & %o
FRHHHZRALVLX—2HFTHZ 2N L. £, B0V EEREAHT
KNV =R LB LUTRER, FHERE & BEIO S By & eSS BN Eh i
WS, LIEOSEEIC & H 72 9 MRMEO M E2 KB T 2 Al R Sz,
M B DR IFREE & BIEL DM BRI T 5 BT E T, — R VA ¥ 7 7
JLERR0T T A N ALBR G RS U 7= AR O & O3 FR AT L 72 SR %t 5 2 B34 O i &
PEZ G L 72 F 523 8 5 19, 240D OSEATHIE Tldlighed - TR A v 7 F L
IC R DFMFEITEH SN TE LT, BIEROMEMEIIAL A ERoTWnRWn., 22
T, I 2 TIPSR T 28R AT AOEBMEEZA LT HZ L2 BB
LTz

6.2 HiE
6.2.1 Bt

AEHT, WREEESN (SPCC-SD, 1.6 mm x 50 mm x 35 mm) (Zxf L CEf,
Vo XHIEL SR o X SHEEO A YT T AW THEMER L. #
MFRE T E ) TR (U a— (BF) % CID-1100, [AIH&EE 40s !, ALHEEER] 180s)
ZRW= DUT, ST A v 7 7 2 CHRMPE LRk Z 36 A, =7 1o Z8
YA Y7 T CRHMFAE LM AR B, fifhd o WY A v 7 T o CTHHR
BT 2R € LR, AR LT AR UM iR R (BAE1 b (BR)
R~V GX, #EEE 230 um) Z8BA%, FR TN » HREAETHZ &
THRIGABIZ/FR L2, 2 LT, ABERB o REIzIIZ 7 7 v Fallpig (k) v
A # % CSR1000, fiEE 15kg, #E 1mms !, il XA YEL K, Joumie 0.8
mm, JeumfAEE 120°) ZHWT, ShiESTM, KBS 20mm OFMBNRICET SE (WL

111



RMEE) ZANT-. FOk, £EiEiE o2 mEfE 30 mm x 20 mm LA & #HE
ANV~ AX T U, EaEEaRERI it L7,

6.2.2 RMEFIR

FREORERE B ST 5720, e 5 SF () > b a8 §]-210)
WXV ERKRE S R, ZWE L=, HIEHFZUX JIS B0601-2001V 2R L, EAHE 0.5
mms !, EEFEEE 4 mm, BEME 4mN & LA Sum O X A Y2 REEh1-
Z T 5 BIHANE O FE L RZE (o) 2R/ L.

6.2.3 EE{EERER

JISK 5600-7-9 FffEE COTHESN TV DY A 7V AIZHELT T, A TR ()
# 1SO-3-CY.R ZHWTHAEY 1 7 vkl (CCT) &%k L7z, RERBREIEIL, 5
mass%NaCl /K IE IR ME 7% TR 2 5B NI EE 35°C C 2 h, WM T2 2 3B NI 60°C,
FEXHEEE 25%RH C 4 h, {2 TF2 2 5088 NI 50°C, AL 95%RH T2h % 1
A7 nE Uiz, CCT TORBRY A 7 V% CCTn YA 7 (nidV A7) LEL
7=.

6.2.4 &M

CCT21 %4 Z7/VH, CCT39 %A 7 /VH, CCT48 A 7 /LH, CCT69 ¥A 7L
HB X CCTR7 YA 7 /v EICH BRI 210 H L, 788K Tl =ik Tz,
FULN~wA I Aa—T ((K) =a 8 SMZ1500) THIE L. BISERIT 1244
L, BIEEGSNOBFEENmAEE A Lz, SBEREHIn=3,1L, ZOAn=2
I35 A 7V THMBBLE LT, FE, CCT AIZR L, [ e 2 kel s L7,
D D n=1135Y A 7V TENENIBBIL LTctk, BB O HTICHE L7,

6.2.5 FHRLHT

CCT 12t L 7= BB R B O JE RIEZ B & 2T 5 7= Wi SEM-EDX (H A% 1
(Bk) 4 JSM-6510A )8 EX-9430084L1Q, ML 20kV) Z % L7=. CCT21 ¥
A7), CCT39 %A 27, CCT48 %A 7 /b, CCT69 %A 7 /LELCCT]T A
7 VER LT B A, R TR, |IR TR S, S BIEUE ORI
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XA FE 30 mm x 20 mm % 30 mm x 10 mm OY A X TUIWr L, B, mibr A
FHRT AU —H (600~ #3000) (=& 2w HFEER, Wi SEM-EDX (ZHE L 7=.

6.2.6 EALFHIE

Figure 6.1 [ZEBXLFME O 4~ d. B LFREEE (B— - =— =X

(k%) 9 model2325) & T H V' — R4pmih#R 2 )& L 7-. 2 M (Reference electrode)
% AglAgCl Bl (NELFANE 3 mol dm 3 NaCl KIEHE, AL Tl Vvs. AglAgCl Z g L T
V LEE9), % (Counter electrode) (LHAHEME L7z, {EMAM (Working electrode)
X, AR E RO FIET, $RETM, BS 5Smm O AT Z 5 L7244 diEsle
DO F YT 10 mm x 10 mm DS EBIE 7 A VDS X 0B L=, CCTO ¥4 7,
CCT21 A Z )b, CCT39 ¥A 7L, CCT48 YA 7 )L, CCT69 ¥+ 7 /LI L CCT
87 AV NVFEM LI=. T LT, IO EAEFKTHF, BRTHEITE-HL0EH
7o, 2O &I UTER L= S AE A4 KB, 25°C, pH6.5, 25X & /"7 U 7L
72 5 mass%NaCl /KIEIKIZ CCTO HA 7 113 180s, ZALLIAME 72 h IR1EH% DB 5
BRI~ 1mVs ' TERTDHZ & THY— oMl 2HE Lz, CCT0 Y1 7L
TILEMRRE T IS BSOS A U 25 ATREMERS B T2 8, FERRIRIRE R 2 R &
Liz. e, ERME L CHW AR ERBHIITFE AN 23 2 N TR % 15
LCWA7e®, BRALFRMEDIZE A EIIATREHZ KL TWHEEBILND.
L L7 s, BEXALPEEA M SN TV AR Z EfECE T2 0RETH
Lz, HE L, ERAMOFRERE 1 cm? (2HESE, SBIEICBIT 5 EBREE OB %
Acm 2 LR LT-.
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Reference electrode (Ag|AgCl)

Counter
electrode (Pt)

Working
electrode

PC
S -
|
........ Electrochemical
5 mass%NaCl ) measurement device

Figure 6.1 Measurement method of polarization curves.

6.3 FEE

6.3.1 FmEFIK

FHPREZEMA D O SFHICL VT LR, LA OFRKE S RIT 213215
um, BB OFKE & R 1% 475558 um, B C O KE S R 13 13.7+21.4 pm T
HoT-.

6.3.2 &M

Figure 6.2 |Z CCT fRlZ & & 72 9 BRI OB E D 5| Z 7~ 7. Figure 6.3
IZ CCT Fiz & b 7 WEBIEREHI R A L - BN iR OHES 2o~ T, B
RS O I TR BB 2 3l % &, BB EHIIZR O 3580 ST,
BALEEE A, BIX CCT 21 YA 7 VLARE, BEESUEL C X, CCT 48 ¥4 7 VLI, %
NENY A 7 NVEOHNN & & HICBRIE AL R L EARAICEIN L7z, BRI O
RS A Helis % &, CCT 69 M A 27 /LIRS THEERE C 0B mEIL, B
HREL A, B LB L TROL/NEL, ZOMITEBRERE A OB mEDOK 1/4,
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BAEERE B OBENEEOMN 1/3 Thote. Lo T, BEWIEME T4
Al L7285 E, MR A3 RIEECE C> BILEUE B= BI85 A ThH - 7.

Sample B Sample C

Figure 6.2 Exterior photographs for each sample with progression of combined cyclic

corrosion test.
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Figure 6.3 Change in the blister area for each sample with progression of combined cyclic

corrosion test.
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6.3.3 FAEOHT

Figure 6.4~TFigure 6.6 (Z{%3EH] & L TCCT 69 YA 7 )Lk D EIEHEL O Wi SEM-
EDX #TfE R4 R~d. AR L7-% M EDX ~ v 714 & FERICHiE EDX ~ v FHEig T
LETLREEZ T P T A ROEIHATRLTEY, TREENGWETIEEH D V2
Y M APNTERREINTEY, Wi EDX ~ v THBONIZH 5 0 T —"—Lxfbd
HZETRILEDOFMIRENDND. 2L 21X, Figure 6.4 [Z31F % Fe OWrif EDX
vy T hEHrDEAB~IRATERRINTZHT TIE Fe OEENE <, ZOEDIIRH
2345 2 &R h D, Figure 6.4 35 1O Figure 6.5 (278 L 723 HE A, B OWiH
EDX ~ v 7HEMN D, BFE TFIZIX Fe & O & £k & LG RBARY O D37
iz, 7ods, BEEREE A 1231 D N TR MAER B O8I T8 & A plkd D — im@%ﬁ
S EBHERIRFIZ L PE L 7=, Figure 6.6 |27~ L 72 835508 C O Wi EDX ~ » 7 Hi{ )
5, NLRKEEIZ Fe & O Xy & LIZERERYMOKRNRBD bz, £z, =

BERARYO EJEITIX Zn & O & Eikiy & LI RAERM OB HED biviz. 7o
B, T F THBRA7ZWrifi SEM-EDX RO LBV, BRERAEMY DR AERITIMET
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Sample A
SEM

Scratch Embedding resin
Paint film

Corrosion products

Steel substrate

/n

Figure 6.4 Cross section EDX analysis of corrosion products formed on the painted sample A

after combined cyclic corrosion test for 63 cycles.
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Sample B
SEM

Scratch

Embedding resin

Paint film
Corrosion products

Steel substrate

10 mm — Bk n Tk

Figure 6.5 Cross section EDX analysis of corrosion products formed on the painted sample B

after combined cyclic corrosion test for 63 cycles.
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Sample C
SEM

Paint film

Embedding resin

Scratch
Corrosion products
Steel substrate

e300 pm e300 pm

Figure 6.6 Cross section EDX analysis of corrosion products formed on the painted sample C

after combined cyclic corrosion test for 63 cycles.
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Figure 6.7 Polarization curves of the sample A before combined cyclic corrosion test. which

were measured in 5 mass%NaCl solution (Open to air, stagnant, 25°C).
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Figure 6.8 Polarization curves of the sample B before combined cyclic corrosion test. which

were measured in 5 mass%NaCl solution (Open to air, stagnant, 25°C).
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Figure 6.9 Polarization curves of the sample C before combined cyclic corrosion test. which

were measured in 5 mass%NaCl solution (Open to air, stagnant, 25°C).
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Figure 6.10 Polarization curves of the sample A after combined cyclic corrosion test for
21 cycles, 39 cycles, 48 cycles and 69 cycles and 87 cycles, which were measured in 5

mass%NacCl solution (Open to air, stagnant, 25°C).

]
7
=
g 3
<
G
o
S 105 3
= CCT 21 ¢y '
dé ______ CCT 39 cy :
S [ e CCT 48 cy ! i
C107°F — o — CCT69 ¢y !; 5
—==— CCT87cy '
07—
—2.0 —1.5 —1.0 —0.5 0

Potential, £/ V vs. Ag|AgCl

Figure 6.11 Polarization curves of the sample B after combined cyclic corrosion test for
21 cycles, 39 cycles, 48 cycles and 69 cycles and 87 cycles, which were measured in 5

mass%NaCl solution (Open to air, stagnant, 25°C).
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Figure 6.12 Polarization curves of the sample C after combined cyclic corrosion test for
21 cycles, 39 cycles, 48 cycles and 69 cycles and 87 cycles, which were measured in 5

mass%NacCl solution (Open to air, stagnant, 25°C).
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Figure 6.13 Change in corrosion current density with expose time in combined cyclic

corrosion test.

123



6.4 EE

CCT iz & b 72 O BRI FEIC K U TR A 30 L 7255312 o5, s
B C> 33k B=3IEEL A THHo 7.

£, BEEHROMENEIZ & > THERRK - ThHhHBEDREEIZOVTE 2 5. Figure
6.14 (2B OB 2 7R, SO RS S R PRI D56, BIEOBEENE U
ThHoTmE LTHMBMENKRESRARD LEZILND. HAE S R OKE WEHIRITA
KiFE R D/NS W & bl U T, RFTHNCBEE SN E T FET 5 2 &1l b.
JRFTHNZIEZ NN E AT, £ 9 TRUMERT & Fele U TR K PER 3 5 O 5 £ [A]
TR L, BN ELRET A OB NERNEAET H. 2 2 TIEEE B Ok
EE RV REL, TOMEIZA75E58 um TH Y, REFA 0K 22 1%, BELC D
K345 THoT=. ZOBEZFICH &L L BEZOMAEMEDFIITBERE C>%
HEREFASBEREIB L7225, L LN s, ZOFRFNIAMEE) LR - 8%
DOt EMEO ] (EERE C > BIERE B=3ERE A) L1382 5. ZoERIET®R
DX IIZFHE % 5. Figure 6.2 I8 LIZAMBIEED & B0 N TREGEHRELS D B IR SO
MFEELTWRWZ LD, 22 TR Lzl S B EEHIE I 72 8 K -5
MEAELTEY, KOBEEZDOBERRNFIIATXEHRE LB L CEBKE BT
W EHERT D, LIedi o T, SiROFR IR L 72 RPTHY 2R LA 21T X
HIFEITIFEAERELTE LT, ALK L OB T ICHERS L 72 B )3
BRI DM EPEICRZE L T2 ATREMED V.

WIZ, N TRIGERICIT DB B ARMIEIR U CRER OO EZR ZELT 5.
KRN R U RIS ET 2 N TR 25 L THhD Z &0, BRKE
XN TRMGE CRHEH Lo B 2 A L CRIE N AT 55 B2 05,
NTRKEE D & 5 BIEOIE AEIL, BIEOBIVIREEIZ X B2 Z LRGN T
W5 O BN FEIZRN TWAEA, NLKRMETT / — K&, N LRMaETEE
BT CTIEh Y — REIGBAEL D, B Y — RETIE, JEBUC X0 BEA @il L 7-iRR
EITLEND Z & TR A A NEUTRER E L CBENHIEE L, BBEIERT
HEATHKICEDVBENRFF LT NS, —TF, BEMIEAELDNTWRWEGE,
RIZITICATREHREZ LB LT ng. 2ok, BERAOERTT /— KR
ts, NLRMEETH Y — RS EAL D, Zo L&, BETIIERARY THiT- S
NTBY, BREABRMOEHKIZE b ) EEEICLVBENLLITONS.

FTo, WAL A A2 G ORAR Y K LRE TSR T 280 BRIGEITRD L 9
IZEZBNTWDE Y, £, Y — NI Thobanb.

124



H20+1/202+2e—20H " 6.1)
WIZ, T/ — REONMIRATH Db IND.
Fe—Fe*+2e” (6.2)
7 — RESCIXER MR A 723 7o O BRUKENC L 0 kA 4 3
5. Fie, 7/ — FIGSTHE U FeP Ik XOBIL LN EE T 5.

Fe?™+1/40,+H"—Fe3™+1/2H20 (6.3)
ZAUCTE VAU FE 3RO REZET 5.
Fe**+H0—FeOH,"+H" (6.4)
Fe**+2H,0—Fe(OH)*+2H" (6.5)
2Fe**+2H20—Fex(OH)*+2H" (6.6)

IO DBFRERSTAE CToBRAEMDITHHMETH » BB OPRFERE . UCEH L
WZERMBNTNS 210 F72, K(6.4H)~K(6.6)HBbLbMNDERBY, 7/ — R
TiX pH DME T 285 & 72 5 7= O8O RNk L CHEIT9 5.

T, B A A 2 ETRRE FICBIT 2 O BMGRIFKRDO L 91252 Hh
T VY 5 11, 12)_

Zn—7n*+2e” (6.7)
5Zn**+80H +2C1 —Zns(OH)sCL.  (6.8)

Z DG EFOG THE U TS BRI KHE & RO £ 0 B2k idfigh ZnO, /KER L fién
Zn(OH)2, HEFEMEREAHSA ZnsCO3(OH)s « Ho0 <M FeEti (L HiSh Zns(OH)sCl2 + H20 %5
D, TOOHEOBEARMIZL, SOBEERY L ITRRY, FEDEBEA K
WIIRRFE OYLRERE & 72 B Z LB N TWD. 728 20, KEREAES) Zn(OH): <°Hi
FEMEIEAL AR SH Zns(OH)sCla + HaO 1, FE(bfigh ZnO & bhik L CHAR OYLibsERE & LT
BENTWDZ ERRESNTNS D

WA A o 2 G TR A R D IR B RERER 2 L T\ D72, BIEE
IZRNTWDARIE L BIFENIE & A BRI TRV IRTEZ FIALIZHR D IR L 72 3 B A A
HITLTWD EBZBND. LU b, HbLER L72Wrim SEM-EDX 4347 TEIE K IC
JEEERDPHRE L T2 EnbBE XD E, BENZEA DN TV RWEEIZAE
CABENTEH TH T2 EHETE D, LN - T, BBIZEICALKMEEICHT
HIFRAERYZ LB L TE SNz LB 2 b5, BEERE C Tl O R ARy
MNLRMEEICAAEL TR Y, B Y — Rl o285 6 5 U7 @ R B i EIX
BEEELA, B LY B IHHEWEZ R LZ. 2oz &an, BERE C o AT X
ERICAE Ui OJE BT, BEESEE A, B O N T RBGERIZAE Ul gk R4k
WX LERFOIEEEEE L CTIERLZEE X bND. 20X B2 56, £H

125



SEM-EDX ZATIZ W Talkl C OFRIEITIL 42.9 mass% D High L 2MFE L T 720N
b BT, ZOMEMBERET S LI2E D AT ARG T LT e RHSHK O 1%
ENEEWEBTEIELD LRSS, Lo T, BIEXMEEICBIT 2 BE TS AL
EZTSE, Hihd o EEEO X ) I Biligh & U CHRHMBIRZ ERITHE L T\
<ThH, —EREOHEIDNFHSMNR LIS L Cniug, ORI & b7 5 (K
IR L 0 FHERDIZ E A EREBDLILD. ZOREE, BB ER O A2
TE D ATREMED V.

Organic coating = ciseeesssssszsssgessses:
Thickness g £ +

Maximum

Center line == " height roughness; R,
...................................................... b, A
Steel
Thicknessl
Center line . . z . . Mmaximum

height roughness; R

z

Steel

Figure 6.14 Schematic of coated steel sheet.
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