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Model-based Research and Development of Accelerated Evaluation
Techniques for Corrosion Resistance of Painted Parts
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Abstract

The rust prevention quality in vehicles is extremely important for the safety and security of customers.
Technology that realizes high-precision and high-efficiency measures against automobile corrosion is essential
for quality innovation. In addition, it greatly contributes to the improvement of commercial value. In the
development of rust prevention technology based on the conventional actual corrosion test, the typical corrosion
environment of the market is reproduced in the test chamber, and the damage equivalent to 15 years in the
market is given in about 2 to 4 months, and then the degree of rust generated is used as a performance judgment
index. The test requires a long period, and the result is qualitative because the rust in various states are visually
evaluated. In order to overcome the above-mentioned challenge, electrochemical accelerated-evaluation
techniques for corrosion resistance have been developed, utilizing a model-based research and development
method based on the performance expression mechanism of the anti-corrosion coating. Electrochemical
accelerated evaluation techniques for corrosion resistance have been developed. In this technical report, the
evaluation techniques for corrosion resistance and its effects are discussed. In addition, scope of utilization of
the techniques and the examples of application to the development of new rust prevention technology are

introduced.
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2. RERFE

2.1 HERR DR

BEMHABRA E LTS, D> TR (BEOBME)
(21 VEEESMURMLIB Y T/RF O RBERE (H52K)
ZHEL, MBUEANDOREENE X SN ABBRILEOEE,
LRI DRY, EERROBBLREZHZELEE
TEBREEZER LTz (Table1 BER),

Table1 Specification of Test Pieces

Type of steel A B
Welding N/A w,\e/\llc:ﬁlg
Type of descaling N/A N/A ‘ C ‘ D
Zinc Type E F
phosphate | Time 10-120s 120s
Type G H ‘ I ‘ )
413KX900s 423KX

E-coat | Baking | 5312005 | 1,200s

Thickness 2-10um 30um

2.2 RBERHAR, RUTEMEORETMES %

(1) BEY1VILBRFER (CCT)

1E/KIEFE 6 BERY GEE 308K, ZE 100%), §7)& 3 B
M CRE 323K, EE 30%), 28 14 K CRE 323K,
B 98%) , XRE 1 BFRE CRE 296K, B 50%) % 1
YA LTEDRLE— R THEREEML /=0

(2) BHRERER
BEERBRICEMISET X5 v FEEMNTF, RO
Sy FEEICIEEEREE LThHA ) > (ALSI,O0(OH),)
¥Na', Ca’", €I, SO 14>V %2aHTBEAR
(pH7) ZETE, BERE (RE 323K, ZE 98%)
THBE R L

(3) THEM DR R

BREMOBRIZ, BEEFHHEREZEEL TR
E£RICNET D THIAT %, TN, RMEEDA
HICHEWRE LEEF R HET 2B ERISTRER
BISERT 3, CDZhSREROIHEEIL, OF
BiNEIEARE (BEHDEERETZ & L THEIMIFIINS
) CQOBRBREERE (BETCTRERIGHRES TH
HNERTZRE) ICDITTERETEZEXZS5NS (Fg.
188), COWNHOHEEEZERNICESE T 355 & 5HEA
EICDVWTRICR Y . C DS CFHMICIE, ¥t THRE
L7cEBZFER L (Fig. 2 BHR),
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Fig. T Functions of Anti-corrosion Coating

Fig. 2 Appearance of Evaluation Equipment

a. [EBINHIHAR O RR S H
BREEEICEREARR (5wt% EK) ZREANS,
RESBEMOMR C BERE & ORICERICH L THRA
ICERTZIEEZHMLT (1V/s), KA &%
BEMICEREIOEASYE, BETDIETOEEE (U,
WREED L IIERELRH) ICEDVWTHRMET
fEL7z (Fig.3 88, COERBELRRDERERHRT
BESEMICENHIED S FTOHB (ERINHIEIR)
CDBEBREHSDLHKRDHDTEL LT, BESEMOME
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Fig. 3 Evaluation Method of Corrosion Incubation

b. IERERRE O HRFTE
BEMICR>FHLIENEAYE— (IXT1—
(%) &, /MBI A X (BA-160), HiE0.38mm) ZHAWNT
RMISETDIALEELE Lo CNHICED, BEICK
ZBRINFIARZ H 5 CHRWVWT, BRERRE%Z
LTce RUFICKBZREDSDENEAT (M), T,
H Y Z—FHTRHFAFED S ORAFNIBA2 (m) ZEFR
ENONBSRS t (s) TRRL7DDEBRERZEE (m/s) L&
HLTc. BRELICERELLT, hFUYENa', Cal,
Cl™, SO A %E8ETBRAR (pH7) ZFEF LT
ERERDBEIFHBREEZE—X—(ICXDMBAL T 338~
348K ICHITE LTce FTo, BEREICTDICERERERES
ER3HORBME L TaEBERFZzE—42—TMALT
1,800s R¥F LTz €D, 7/ —REAY—FEIZ TmA
DEEFR% 1,800~3,600s E0ANL, HY—RANZRKEL
TERERENDS, BREBRELXHBLL (Fg 4 8R).
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Fig. 4 Evaluation Method of Corrosion Progression

3. RBERLEER

3.1 [BRNFIAARE OREFTE

ZERORIEEHERE, ORBIMEHRE QR RERRE
EBICHTTEETES Ci3mitLlce 2T, OF
BIEIHARORERFIC DOV TS LT, BEBOBER
MEIET 2R (Fig. 5 BR). BEHEROBEERII,

FICIRFIBEBICEDERINS, BENEL, EE
HNEWVWEHDIFY, BEREFTH K1 74 U YEDERT
HHEL<, HORENMEVWCEZ SN, REBECIF, A
ZAEVR—IRE DRERMEH <, BWIERLTHEICEE
BEEBELIEDOREWVWEEZ SNS, —fRIC, BEED
e (BLRIG) OREZRIEZCLT, TILOX
(%) KBVSNEZM, TOTILDRIE, MBS K > TH
BEDZRIE (Bft) RIEZEITSE 2 BEEADOEERN
ICBEWVT, BiEORLINREI 5ARVWIMBEESH
(413~463K12E) THNIE, MEABEHLSL, MRS
BHARWEEELCHRS (Fig. 5 BR), XRFTIX, RE
PERE (BEEOELE) 2REXHICEST, TAZh
2~10um, 84.8~93.0%ICHIEIL 7o BEIEEET,
MG B EEDOBFRZR LT (Fig. 6 BR), &A1&
SHOERATIEKE—EE (10um) ICHWT, MBEE
HE<, MARBENRWECBBGERIFS< Bol. £
7=, MMBAZEHE— (413KX1,200s) DIFEICIE, EE
HEWFERBERITE < B oTce BETAVIILEERH
BT 40 BZBROEBRANEZELE TR LT, Mg
BEHANSVEERAIZEBEBRE/M I ShTVWE Z ehbh
%, ik, MABRENEL, KEIRB-ILT,
BilE DIRIBHMEH KR 1 7+ VB DN L L=
&, BEQEMTHRAKISGEN SR ELEZCIZES
CEZLHN, BECHEDDERIESNT
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ctual corrosion

Actual corrosion test

Fig. 5 Corrosion Incubation Model

In parentheses: Gel fraction (%)
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Fig. 6 Relationship between Insulation Voltage and
Baking Conditions, Film Thickness, and Appearance of
Test Piece after 40 Cycles in CCT Test, Steel: A, Zinc
Phosphate: E (Time: 120s), E-coat: G (Baking:
413KX900s-413KX 1,200s, Thickness: 5-10um).
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MU, RIEBHARICHITZRET 1 VIR IERERE
OBfRZETRY (Fig. 7 88), SEIOFERR OIEREMIC
BWT, EEHNEL, BIEOHRSEHRI S4LINEE
EEFETHNIE, MEBEHLS <, MABENRVEE
RIFCEBE TOHRBITEL R ot BEDEEBRETFIE
Brif xR MIZRERE L, BORENEBVLEERS TELME
BERLTz. COMGERCREEHARICHITZHERE
FTOHRICIEFEVIER (R°=0.92) AR S5NT
DT rid, ANHIETEBREDRELEENTET D
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AR TERELIEESY 1 VIILERERT 37 BRIBRIC
HiFTIEERE) 0bOTHNL, W5 P TEERE
HoOBERINEIHAREETMET 2 e TES, ULEDZ L
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FMAETEZ e ah o7
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Fig. 7 Relationship between Cycle Number of Rust
Formation at CCT Test and Insulation Voltage
Evaluated by Newly Developed Method, Steel:
A, Zinc Phosphate: E (Time: 120s), E-coat: G.

Corrosion incubation
evaluated by actual corrosion test

3.2 BREREEREQRETHE

BRERETILEZTRYT (Fig.8 BR), BREFHE/
SRBICEELLBICRHESENBE (7 /—RERIG) I
FUWRELEEFZHETZIBLRLERE (AYV—FR
I5) TRETOBRRITERT %, [KF (A)] RMESED
AHELSTIFEICHRBICKEL, TEREMEOEH®
REERMOEREN EDEERTF L RS, [BF (B)]
BEREOEE IIEROBECEREZMICKEL, BE
DFRKEICHEEEZX D, FKLPTVEDIZFEERET
ICIKXRAF B, AFEEBRENMEHEINZVWLEEI SN
3. (B ()] EFZHEHETZHY—RRIGDED
R, RIGTA ~DOE2 (LEHWER) REICKEL,
FHEREOELNZVIZLCRRERDERKTEEEIZS S,
DAY —RRIGIE, BETO7ILAVEESISEI T,
{EREROMWT7ILA VL, BRBERCICKETSC

EHRESIN TV, {bR#iERIE, EIC Hopite (Zn,
(PO.), * 4H,0) & Phosphophyllite (Zn,Fe(PO,),
4H,0) H'H D, BEOADWTZILAHVEIZENDS, £
1o, BBEBERECAERBEREE DT > A—MRICLZHESN

&, EREROIRICKTEL, BERL OEMEENKRS
WEBWEEZBNE. COLSICEBRERREILHK
CIbrl, BEDOBEVCRERZGICKREL, TNLICHE
ERIFTERFIEZIRICE S,

E-coat (Water- retalnlng) Zinc phosphate
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Fig. 8 Corrosion Progression Model

RERMICHY — RRIEY A FDE (LREER) it
BIERENBRG TS EEBREEZRVT, BRE
BEEE T8 L (Fig. 9 28B), BAEBICHL T
ERTEMLUREBICE LT, RELEZBERENAOED
ARELBRZERAHNRD SN, BELEDILRBEERIE
<, BROMRNICERER C oEMEmRENNE WTEHD
BLWEEXSNZEBRR TS T7DEZTHAREL, BB
ERREHNRVC EHEH SN

|Corrosion progression |
= | (A) Steel type | x [F{[Z)F =l E I8 X (C) Zinc phosphate

Reactive site: Many

Diameter of blister (1x 102 m)
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Exposure time in a corrosive environment (s)

Fig. 9 Differences in Corrosion Progression Evaluated
by Newly Developed Method Due to Changes in
Coating Specifications of Zinc Phosphate, Steel:

A, Zinc Phosphate: E (Time: 10 and 90s), E-coat:
G (Baking: 413KX 1,200s, Thickness: 10pm).

BWT, EEEBEOERERREICNT 2 ETHE
1T 27012, ERLEBOXEICMZ T, EBEDERES
HEZLIEEBRR 2BV TREBROFME =ML 7.
HERE OFREEMIE, UV UBBERERLEBOREE
10s ~120s, BEZEROMEASZMZ 413KX900s ~423K
X1,200s & L7z, £/, RERHAR CEHEREAER) I
EOSMEL RRERREE L AFKM THMML BRE
EroBEehb& L (Fig. 10 81R), EBRELKMIC
2WTC, SEOHBRA DEREZHFICEVWT, Moy
fEHEC S WINBARESEFE TH UL, MARELSL,
MEREARVEER IFCERERRENEVMERHER
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HENTo ERBOZMEICOWVWTIE, FHROBERE
FHETHNUE, ELICERLI-O LERICOUERBNAEV
HBERAIFCRRERREILES Bofce COIKIF, B
ERBEOREBRBRENMEVZFEREMRKLE L, BET
ICKRA T OB, BEBEENMEBINBEVWI L, bR
WIBRFEASEVWH DIFCHEBERLNENL L TRETCTRE
BARANTANEVWC CICERT 3 EZ H5ND, RERH
ERICEDIIME L B RERRE & AFMIC & DEHEL
FEEEREE X ORICIER’=0.98 ¥ 5 U\ERINEED 5
Nico AEMOBEBOMEMEL, RRORERAF L
BLTHBOEBETHD, M TCRRICFHEEZITS e
TE3, RRVLGHBRA OEBREDOHY — FHREZHEHEL
fc (Fig. 11 BR), COBEIIRERENE T— TRIBEL
BDHDTH D, SEIDBEXEOEHEICEVT, 1t
RAEDEENERLS, BICEERHNONMAERENSL,
MEARREHREVATORBRAIFY, SEBREORERBHE
B (&) MhEL, BRERREHNEV. DD B,
UEDZeh 5, AFHEEICLDEREREER ESH
IR CEMECE 3 C e hDh o T,

a= Corr/osion progression 10 (5)/

A
30-(s)

(1X10° mis)

O = N W Hh 1O N

Corrosion progression (o)
evaluated by actual corrosion test

o) O 413K X 900 (s)
120 S,
) 60(s) A #3K X 1,200 (s)
< 120 () 423K X 1,200 (s)
0 1 2 3 4 5 6

Corrosion progression (a)
evaluated by a newly developed method (1X10¢m/s)

Fig. 10 Differences in Corrosion Progression Evaluated
by Newly Developed Method Due to Changes in
Coating Specifications, Steel: A, Zinc Phosphate: E
(Time: 10-120s), E-coat: G (Baking: 413KX900s-
423K X 1,200s, Thickness: 10um).

Zinc phosphate (ZnP) treatment
10 (s) 60 (s) 120 (s)
§ 413K _ _ /‘a
g | % 900 (s) N
k]
&
g ‘::31 Iz(’oo ) S
g | X 12000 6 S 5
8 S
g 423 K
x _
S | X 1,200 (s) & 5 mm 5 mm

Fig. 11 Peeling State of Coating on Test Pieces after the
Test Due to Changes in Coating Specifications, Steel:
A, Zinc Phosphate: E (Time: 10-120s), E-coat: G
(Baking: 413KX900s-423KX 1,200s,
Thickness: 10pum).

3.3 FEMOMEDISEZSNBEMHERE

AR, BREPCREFLIEORITHR, HET
B TOREEEDSHHRAE CIBAEVWER T/ERLAEE
TH2 (Table 2 B8), FIRIE, HAEFRFETIIERDOE
DOREZHERT 3 EMNLBIRMBAREDL S, BEIROMHEE
Haez EE2M, M ORRICFHE T S EMERICTOEX
EETETDZILND, FIBEMBIORE®ZDREERIR
XANZXLOER, FIEEHOREZERTE S, R,
UERIETORLZDOREERICEWVWTIE, REKIITATRE
THoIHBREDRLBEENARERD, KDEEIC
mBZEEGIME - RIMETE 3, EFIEDFRETRIE
ENBELTEIETH D, £, AEMNIIRERME%
Fr L THERT2E8HEERAUANADES, EX, RE,
B, 752k, IR, FEEOLEXRTOIGEDE
BFTED, 120, EATOREOLILAEREADE
HEERT 3L, SRRIEBEDEERER CHENH
BEREEHLH B,

WIC, Bl L TRESAIOMEMHEZEEL
TeBRPOREFIIEOMRZERAR I A M2 88 L 15461
Y (Fig. 12 8MR), AEE— REDOBILEEDRE
PEPMOHRBICE T, EERARICEVWTHOEEN
RIS TWB Zehph B, ATz BV TEHMEEIT
S, BHEOEMNGITETIER <, BRINGIHRREIE—
BBE (247 H) CHBLTHBER (2171%)
TlE 2~3 5, BRERREIIBILEEDOREZTT
1247 CX® DT, KRBEEOHLDEEELT1/2~
1/8f8THZEHEENICHER TS .

Table2 Scope of Utilization of a New Accelerated
Evaluation Method for Corrosion Resistance

@ Evaluation of @ Evaluation of

Corrosion Corrosion
incubation progression
1. Research on new O -E-coat - Pretreatment of painting
materials *Inhibitor

N +Manufacturing conditions +Manufacturing conditions
2. Quality control (O “Daitycheck O Daiycheck

3. Market survey

y A\ + Deterioration
and analysis

O - Deterioration

O Practical level, 2\ Practical examination level

(1) Descaling: N/A, E-coat: Type-H ‘ A new accelerated evaluation method

orrosion
incubation Corrosion progression

q 111X108m/s

Corrosion

(2) Descaling: Type-C, E-coat: Type-I

Time

Corrosion incubation
156V
[fe———— S{G

Corrosion progression

0.56X10¢m/s

Corrosion

(3) Descaling: Type-D, E-coat: type-J

30 60 >100
Actual corrosion test /cycle Time

Time

Corrosion progression
bation 0.14X10%m/s

5

Corrosion incul
257V

Corrosion

Fig. 12 Examples of Technology Utilization for Research
and Development of New Rust Preventive Technologies
Such as Paints and Pre-treatment of Painting
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