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New Accelerated Corrosion Test “ACTE”
for Zinc-Coated Steel Sheets Used in Electrical Appliances
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Abstract:

Based on the actual corrosion behavior of electrical appliances and inadequacies of the conventional accelerated
corrosion tests, which are salt spray test (SST) and combined cyclic corrosion test JASO M609-91), a new
accelerated corrosion test for electrical appliances, “ACTE (Accelerated Corrosion Test for Electrical Appliances)”
has been developed. A good correlation between ACTE and corrosion in actual environments was demonstrated.
ACTE consists of a salt deposition process and a cyclic wet/dry process. As distinctive features of ACTE, test
condition simulates actual environment (use of artificial seawater, constant absolute humidity), and it is possible to
estimate the corrosion life of materials in a wide range of use environment by obtaining dependency data on the

main corrosion factors (amount of deposited sea salt, etc.) by varying the test condition. ACTE makes it possible to

appropriately evaluate the corrosion resistance of zinc-coated steel sheets with chromate-free coating.

1. (FC&®IC

FEHMIZIE, AYFRE (73>, HERE ),
BALEN (RBRbE, KEgE BT L VY, AMEERKL,
ZERIE IR L), Eimtky GRS, ARSI
Kz &), Wdg - 8- Bk (FLre, e54, %
Varil) ¥HH, FERGOMBHRELSHTH D, K
RGO, BRI O £ & B0l E
LICRITE D Yo EACHREIACIE, WER,
WLBRGRAL, AR > XK 7 & O R 2% <
ENTBY, WO, MHARE R SIS TT,
SEEF MBS E AT Y,

=), REHERZECOBRETRHFICETINIFEN
EWROWIHIBUCIT 5 EU 184 ¥ (RoHS #§4 : Restriction
of the Use of Certain Hazardous Substances in Electrical
and Electronic Equipment) %% 2003 4 2 H12%%h L, Cr (V)
HET 6 WEAT20064E 7 H 1 H B MICHEHTE %<
BT LEZIIT, REMICE TN EBEANYE MK
WOBE S, RERRMLISKD Cr (VI) 71— (L

T, zuA— b7 —kERL) LEEDTHS T,
fEHFEROE N7 7 2 — b7 =% BIE IS %
72DI21E, EBEOMABEE B T 2 7208 I1E 2 8 IR iR
BEDLFETH B o FHEBHE & OO BRI X 53T
i Clx, FEBBECTTo LM &M 2483 282 8/ L
THEEL WA, SICHEESECIHEEZ RS ik
g L, Mg L7oetEaICE LRSS ET 0
BEMEDSH 5720 THh B,

peEde, R RN O M PRI, HKEE
B ¥ (SST: salt spray test) B4+ 4 7 ikl ' (CCT:
combined cyclic corrosion test) 7 EHIEAL S 7z £
FEFRBRE R KT A — A — M H OB &I ERBE S S h
TWwh, SSTIXHEBBRIC BT M AFEE L MR Z L
<, SST & FEEEE L ORI TH R O &M OB 58l g
2YEHH D LIRS TwE T, —) ccT &
KEBMOFMHHBRENI B 2B EFEE L oMM, &
FTLOIWMIC > T ol T2, RERNOBAES
BT 2 EE DD VOBHIRTH Y, REBMIIBT
% RALERGIAR O A IFERERCIE BBBE D T ICH S 2T 7%
STVBHEDP 572,



SR T AL BRI AR O iy £ VERRERE: TACTE

Z 2T, JFE ZAF—)Vid, (bk) B ZBAERT H SLRFSERT &
EFET, 7aAxA— 7Y —HWROBHERZ BT, FH
W% & 7 KB RMALIRGIA O #1E 72 IR 2 AT 5 729
KB B U 5 KL IRRAAR OIS 8 L RO AR
#ERER: (SST, CCT O—HTdHh % JASO M609-91) Dt
AR E 2T, FEBRBE L MBI E T AR ERE
ACTE (Accelerated Corrosion Test for Electrical
Appliances) % Bi% L7200 CHE$ 5 7%,

2. z-g%ggﬁ:ﬁ@ ﬁr’ﬂ-:-l: 19~23,25)

if@mm,ﬁ%ﬂﬁv@a@ﬁi&(@ﬁﬁ)jﬂz
VR (TEESTF), HAWR IR,

O, HEOR %®¢éwW@%(m%%0<iﬁﬂL)
2o, REBE (L7 3 A TR EE) &b
LT, FEBGICST 5 KPR OB L9208 b i+
B B 2 45 35 i 2 i O BT o o T BRI 2 A % AT o 7o
Fig. 1 2L L 7= KRR OB i o B 9% % 77
To TT7 I VEIMETIX, A FHN—@AT, HihN—
WA, RO R, WA Z SIS, WESBE SR
72 95 PREETIE, AV R A b B E T 0 SR AR
R0, NERERGL & L TR S T 2 AL ERSIA L £ S
BlEs 2, kLT, WEETIE, 104E0E
B L7z d O THFRIE b TV 72 BB O T 5B AR S

Side cover separator Back cover

@ l Front
cover
J

Compressor Slde cover
/ LU o)

77 77
Bottom plate

(a) Air-conditioner

Exterior cover

Pl A [|
Extent); cover 0O 6 Exterior
e Exterior cover
cover|
= Door panel

0

Inner parts @7 §

o
——— 66— § /
Compressor

Bottom plate

(b) Washing machine (c) Refrigerator

Fig.1 Location of parts of electrical appliances with high
susceptibility to corrosion'>?”

Ratio of red rust area (%)

BB ETIRETH- 7Y, BEBEIZOWTI,
W S [ L 7= v R G o v O P A AR L S RS o
FEIEDS, PR S L L 727 3 o A T IR S
S S BMANEBRE RO ESERORENED LN
72198 gk SST R ETHEDLNLTY A S — (K
FRBBN) LIS ISR BETH - 72,
351, KERMOBE L #7251 59w O Bt
WZOWTIRIT 4T o 724558, =7 2 VSTt o
FLCHP2 D 12 W F IR SN2 7 3 v S B
ICRRE I NS DICHRTHEENM LW &, NELTIE
RIS AN TR ENBMTH 5 2 L850 o
72 9 RO T ISR E SN T 2 v SAMEORA
IZOWTRS ENT Y AR E RO BT
Fh o 7225 Fig. 2 137 & 5 %0 oy 5
LS R OBERRE NI S h o7 P ARRC
PERAR IS D\ THME O WBEGAL O IS LTI & A A5 &
DERE TR, RO oW T b 5
DIEEI B RIZLTWD I ERSho 2 2, —)

100 | Position : Under eaves O
O : Okinawa (@]
80 1 A : Choshi
O : Niigata
60 [ & : Tsukuba o
O O
40 YA
O A
20 5
1] SN 5 P
0.1 1 10 100 1 000

Amount of deposited sea salt (mg - m2)

Fig. 2 Relationship between amount of deposited sea salt and
corrosion of collected air-conditioners (air vent of side
cover)?®

Dew point (°C)

10 00 10 20 30\\ 40

90 1,
g0
70}
60 |
501

40 T

30L 19 July 2002 )

w0k © Indoor (Dressing room)
8 Indoor (Kitchen)

107 o Outdoor (Under eaves) e

10 20 30 40 50
Temperature (°C)

Relative humidity (%)

Fig.3 Relationship between temperature and relative humidity
in actual environment where electrical appliances were
used



Z R T AL PR AR O iy £ ERRERE: TACTE

B S AL L 7= G I T 7 3~ SR PR IS R
TR CD o 7225 Vi AL o 1 %5 55 1%
Img -m 2RiEL o722 D EOHENS, RE
B (L7 T A DRI, WHE) ORAETEL
Tik, S ROBEIREVDDEEL SRS,
X510, INLRERGOMA SN EEOMIBIEL T
=5 ) Y LR, Fig 3R T & O IR X8 R
FEDOMBICI > CTEAL, Thbb, HFREMIZIZ—ED
WETELTWD I EdGhoT P,

3. REAFMEMRERE ACTE OBIH ™
3.1 #HEBYE ACTE D

FEREICB 2 RERMOBEEBRHTER2EF 2,
BE ke o i F et R ER: (SST, CCT o —HTdH % JASO
M609-91) A3EBSE & OMBEMEPSR N L 2 HRTH L L
BT, FEBREE L OABAVEAYE V5 T LR 0 i
£ ACTE % Bi% L /2. Fig. 4 12 ACTE O a4t

( : N
Airborne sea salt Daytime Nighttime
H,O _>
Seawater Deposited 2 .
R sea salt 0, . H.O Condensation
Airb It -
e orne.sea e Steel sheet ’ Steel sheet ‘
Deposlitted Dryness Wetness
scasa he Temperature: High Temperature: Low
Steel sheet Relative humidity: Low Relative humidity: High
N J
Deposition of sea salt Wet/dry cycle resulting from day-night temperature change
/ Cyclic wet/dry process \
Transition
period: 1 h
Salt deposition _>
—> processp > Dry Stage 4_ Wet Stage
Transition
: : 60°C B 40°C
Spraying or soaking period: 1 h
artificial seawater 35% RH 2% RH
: 3h 3h
twice a week

Amount of deposited sea salt: k

/

1-10 000 mg - m™>

Fig. 4 Example of test conditions of new accelerated corrosion test “ACTE”%*2®

Salt deposition process ‘

Spraying artificial seawater

Artificial @

Soaking in artificial seawater

Specimens

Artificial seawater

Tank

Spray seawater Specimen [
|

Cyclic wet/dry process

|
<74 Environmental testing equipment

Dry | Wet | Dry @ Wet

Temperature

Relative
humidity

—Time
Change of temperature and relative humidity

Fig.5 Illustration of ACTE test method

JFE $# No. 12 (2006 4£ 5 /)



SR T AL BRI AR O iy £ VERRERE: TACTE

O—B1*%® % Fig. 512 ACTE ORE OB % 77
9o ACTE ORI E, #akBafh o Fmiz e Hmicikii
WA+ v e Gl ONE 2 T TR G5 TR &,
I A PN TR & AR & 2 S & TR B IR I RE
JRETRE AR D RS TR (R RL TR & TRKS
Nb, (EROBERERXE (SST, CCTO—HTH %
JASO M609-91) Tld 5 mass% NaCl K& % W% L T
L0123t L, ACTE TIXERBII BT 2 Rk %
ZRE L C ALK Z F 7R £ 72133 KR EICL D
WoON BT 9o GG REIE, R 2> S W5 Hw,
SHIEN»SRNE TORABRE 2 Mg L TR
BT ho Tz, WA KL TR - BB
DIREEACIZ X HEZIRH 0 & L 2 B U CHE R — 5
e L, BB HEEOREZ DR T 57200 KL
TR B ORI —EORBTRMZ &L 4 71 &
L7z,

F 72, WrikBad: ACTE i, B2 2L TEE
BERT (FEESERE) OKGFHEOT—5 20555
Z LKy, REPICh 7 A HHREICB T AME O &
FfEENTRETH B0 7ok 21F, FMLIH R O ik
R THALMEOIKRGEE DO F— 5 2T 52 L2 X
D, REEOEALYEICB T A EE (BEEREaRE
FTOHMMAR L) OMEIHEI R 5, A= & ik
OB S, EIEAL R B 5 iR R 2 JL s L
BICBU DAL ZMFICE I RDDLZEDTESL, &5
2, FHBEGR O IC KITT D - XI5 BIEE
SR EDKENZRARL LI, MRS UM
RO sE R 2 1T9 2 LA TE b,

3.2 #EEIE ACTE DXRIRIEBR M

ACTE |2 & 2 FFlifE RO Z U2 BFLT 2720, Ml
BRI B 2 ERE L O AEIT) T L2, FER
B PFHLE 2 B L 72

BEAM L LT, BB & (LB & TV 7o MR
JAMIE, T MO AVE RIS D > X WA (GL: ©
S EfFER30~90g - m %) LEHBIEESH (CRS) TH
570X —=FR7La— MK (PCM) % w7z, ®%
SABUE, YOI 2 R L O AR L2z, 72, b
WAL L, BRSO o IR (EG:20g-m %) %
THE Lzrzux—1 e r7ax—r7) —HHTH
D, WmEELEZTF—7 Y=V LTEAERBIE L 72,

MR E AP, TEH TN oY 1 km OB
TAT o 720 H#BEHIZB T 5 FHRKE S 213 041 mdd
(mg-dm ?-day ") Thb. MHREERBRTIE, —HW
R B S O 2 BE AR (W#SZE) Tz <, 2
BTHHBE O LICERZEE LB ICEENO# 2 5 vk
il (HTRHE) 2i7o7. ThENORBEICBITLF
WA R, RSN 16mg - mS BN RGN
101mg - m *CTdh oz W#E LT, SST (JIS Z 2371),
CCT »—HTH % JASO ikEx (JASO M609-91) % Fiti L 72,
KBRS, SST @ 35°C I2B1F 5 5% NaCl Kz o it
e 7%, JASO 35 - SST (35°C, 5% NaCl, 2 h) =421 (60°C,
20~30% RH, 4h) —i&# (50°C, >95% RH, 2h) % 1
A NE LB ELYA 7 VTH D,

Photo 113, BWEHIMICTET 2B EREICOVTHR
Briy: ACTE L B R BRI E Z KL 20 D TH B, I
M DB L 72 REREN EHE, =73 82508 128
V2 BB O SRR & FMARIC, DIRRRR SR ARER Tl ke
G REIESINO I RIREEDFE L, BEH SR > Z HIKIC
NS LTz 72 BEBEICTY AY — KGR
BRI OFAEITRD SNkdh o7z, ACTE TIZBEG
MRS & B0 > ZFIMRK & DICEBRBE L MO
AWELIHH I N Tz, —TF, RO AIEERERE
(SST, JASO iRlEf) Tl&, WU MHEEHH SRIREE DT
ERROOLNT, BEMHD - SHKIZT ) A5 —D5A
WRBOLNIZZ s, BEMHOWEEED M THEERS

SST JASO

Painted cold-rolled

steel sheet

(Soaking in 3.5 mass%
artificial seawater)

ACTE Exposure test in Okinawa

Painted zinc-coated

steel sheet

(Soaking in 3.5 mass%
artificial seawater)

Photo 1 Comparison of corrosion morphology of painted steel sheets

JFE $:# No. 12 (2006 4 5 )



R T AL B AR O iy £ RRERE: TACTE

15 15
- ®(0.003 5mass% || o Opened
= ~ |20.035 mass% g o Sheltered
E o -2 0.35 mass% =
S @ 3.5 mass% I
L &
o 5 o
<) 5
0 L m P o | 0 L r—,—‘ PP |
PCM PCM PCM PCM PCM PCM
(CRS) (GI30) (GI90) (CRS) (GI30) (GI90)
(a) ACTE, 112d (b) Exposure test, 1 y
15 15
= —
Eo g 10
a, a
8 - 3
2 5 2 5 ]
[5) R e s I B [5)
. [ ] M

L L 0 L L
PCM PCM PCM PCM PCM PCM
(CRS) (GI30) (GI90) (CRS) (GI30) (GI90)

(c) SST, 480 h (d) JASO, 60 cycles

Fig. 6 Comparison of corrosion from edges of painted steel
sheets?”

X OMBEIMEN T E D505,

Fig. 6 7 1, WM O YIS 2> 5 O WM NI
DWW, HaBRiE ACTE, MHLRE RO %2 LB L 72
LOTHb, T, ACTE DXL XKD A
THEAKILETH 5o ACTE, MHBRTERER L b (T MM
D o AR 2 B L WIIEAVNE L 7 BEIHFRD
BNTzo MRS RER I AR SR AR IS VI T
BT D THEBRFE IR THNIEIK & D> 7o ACTE
T, HAKMREEASE W EIAIEATK & < 7 B @I HSRD
SH, MHERIERERC BT 5 %8 L EINIC—K L7z, —
77, SST, JASO 3R T3 B [ i £ 15 51 12 ¥ ik A
b & IR 5 R & ORI - 72,

X512, 70X — 7Y — % At SRR L AR
DFEFAMBEFRIC OV TIPHRZERE (T 14) 24
TGS kBt o & & Hei L7246 5L, ACTE 1AL FE oo
FUCRIAR 70 < MR 0 & BT 20 AH B IE A3 © M7= 98,
SST, JASO #RERIZ V34 b il 2 5% X Bk & i ik o TR 51
BB LBV AT hotz P,

PLEOSEL S, Fiakbad: ACTE (35 IRE, i ik,
it V5, AL O BB O 2 TR L MBI
W EDHER S, — T, BEKA S SST IS X B FFAlif
HT B & OMBIMEAMEN Z LSRR S T B
25, AWFRICBWTHEAE, iatwy o5 cHEERsE
L OB Z ESBD SN X5, CCTO—
FliCd 5 JASO PRERIC & 2 FFAlliAS S b FLBEE & O MBS
BV DR SNz, Tbh, 70 A— 7Y =5k
D X M FEE O T MR & FAl S 5 A, SST %
JASO RBRIC & 5 3Fi CIREBRBETH ORI AL E AT 5
PR 2 /NG L C g L 2 WA, HICHEEREE Tt &

JFE $# No. 12 (2006 4£ 5 /)

25

g 5

=

E= A

= 15

2

o)

22 10

=S

22 | O AWy

SEE
O Chromate-free
A Chromate

0 1 1 1 1 1 1 1 1 1 1

48 96 144 192 240 288
Time to white rust initiation with SST (h)

Fig. 7 Comparison of time to white rust initiation with ACTE
and SST*

HERE BV ZEE L, BE LEiHEGICEDIC
JEEDRET RS DH B Z L EZRBLTWAS, FrakR
BACTE # #4522k, EREZML-2 0
A — 7)) — GO W IEFHAG AT BE & 72 o 720

3.3 #HHBREACTEICL D
70X — b7 ) — ROt & 1455

Fig. 7% 12, LHOULIRGIAR (7 0 A — MK E 7 1 2
— 7 =8 ORFRET ORIV THRERD
ACTE & SST & # JL#R L 7= &2 /R § 71 X — MK
IZ2\WTIZACTE & SST & DR T 5 12 DMBMEA R
DHNTzAS, 7B A= 7)) —HRIZONWTIEZ T X — |
SRR O B 2> S AN B EIATRD S, MR O &
FHRANBED S TWEHDEHolz, TORSIE, 0
A= FBIZOWTIZSST 12 & ) EBRBE LMD 5
PSR BE SN TR H 205, 7 ux—FT7Y)
—SIMLDFIE S B34, SST U2 & % 3Tl Tl F2BREE % St
LTWARWREREFLEZ LCLE ) WREEYNH S & 2R
L TWwb,

4. BBHYIC

(1) FEBRBCBIT DR BRI & AR ONE it
AL OMEZ B E 2, FEBBE L OB S VR E
JH 2T AL B S00 B 0 it £ 1 3Bk 2 ACTE % BR%E L 720
PrikBr: ACTE Z ¢4 L1CX ), EREZK
WLz 1 X — k7)) — iR % & 72 5 T 2 AL
AR D BB % S L 72 Ao % RSBl % 2 &
MRE L T o 72,

(2) RO AfEAERERE (SST, JASO M609-91) 1, #F
BT EPEE TR TR D L CEBRIEIC BT A&
EDOHBAEIMEP 5720 S0, TRSDFFEICL
DruaX—F7) —HfiR%EHGi§ 5546, FEREER
WLl Wi MR 2 LT L F 9 fEltErd %,



R T AL BRI AR O iy £ VERRERE: TACTE

(3) Bkl ACTE X, L2 Zb3 e CHERA
WY (HEES R E) OO 7~ 2 BT %
CEZXY, JRHPHIC D72 A BRI BT A E O
i EFGHEEATEETH Do S HIT, B OB
W2 U 72 sl Bl AL AR O BIRDSWT BB % 5 6

AL, (bR) HAZ BRI & JFE A F— )L & o 2k
IR TH LN R E EAT VS, AHIREZHED SHI2HT:
D, W) HLBUERT i HBeEL, AR, IR
Bt L, AL RMMAIEE, 0 (B HZBET
FIEHE LIS ERTHW S 2R L THERZELE
¥

BENXH

D BEPEANY KTy 7. FE RS, VIS4, 2000-02.

2) KB ABhE - RENT RELB SR OB & S % oME. b
AL I — (IX). SRR, 1990, p. 82.

3) BREEISE, BNIEE, FIL=T9, SLLE, OhEEY, EanE.
k48, vol. 48, no.3, 1996, p.11.

4) Official Jour. of EU. 1.37/19, 2003-02-13.

5) Yoshimi, N.; Ando, S.; Matsuzaki, A.; Kubota, T.; Yamashita, M.
GALVATECH2001. 2001, p. 655.

6) HRMEA, DR, R, EHEL, SR, RARSEREE. NKK
¥k no. 170, 2000, p.29.

7) HEEA, EHHEZ, R, e RME—, JREEE DAECE
NKK H#k. no. 178, 2002, p.11.

8) WM A, ML, HHEE, INFIEH. PishiiE. vol. 6, 2002, p. 223.
9) INFIEW, @A, HHEA, IR, AR, YRR, AR
KEB. RIHAM 2. #5105 MEEE K S E T HE. 2002, p. 461
10) HREA, BiR, ZEE, SN, LTFIER. $kE . vol 89,

2003, p. 80.
11) ¥k, kAT, T, k& 8. vol. 89, 2003, p. 86.
12) HRBA, BIGR, IWFIEY. KIIEA#. vol. 54, 2003, p.345.
13) JISZ2371.
14) 7-& z213 JASO M609-91, JIS K 5621.

15)

16)
17)

18)

19)

20)

21)

22)

23)
24)

25)

26)

27)

28)

BNEY, FhR, KR, TWHBEE. #& 8. vol. 72, no.8,
1986, p.1111.

TAEE], SEMY. BigFEHL vol 34, no.10, 1990, p.435.

BEESE. #55 I HARSMG S - BARMELE RS AR Y v KD 2%
2002, p.33.

WEEH, YUK, WPURME RS Sk H. vol 89, no.1. 2003,
p. 188.

BRIFRIDE, ARAGRE, IRBC, BrmFEsHs, Aellvg, KB, iR
2, I 45 50 [k & BREEaT A & aliide. A-304, 2003, p. 9L
BEHFANZE, KAGMRW, WEABC, B, MRl KT,
M, FLs. 55 24 BIBGSEE APl s R &l TAR%E. 2004, p. 25.
BEIANZE, IAGREA, IR, AiHIRH, AR, BEHSE, .
CAMP-ISIJ. wvol. 17, 2004, p. 1136.

FRIFNGE, RAGMRAL, PEILvEaE, BRI MR & BEEE 2005 G 4.
2005, p. 157.

BRI, RAGR, PRILsE, RIS R & BB R,
eI, KEPRHE, RIS, B, WEIFRISE, KA, B,
HIFFERHS. 45 50 MBS & BREGR Al 4s. A-305, 2003, p. 95.
Kajiyama, H.; Fujita, S.; Fujii, K.; Sakai, M. Galvatech 04 Conf. Proc.
2004, p. 149.

ISR, KPR, BRI, RO, BRIFRISE, AMEfds, B0,
HIFERHE. 45 24 MBL$EPE BB SRR S TR, 2004, p.29.

PRILTER, HRH, BEIERISE, ARSI, BOBH & BRETE 2005 A 4R,
2005, p. 153.
PRIIEE, HEHS, BIFISE, EIRBO. AR & BRBE Befir.

wilh W

JFE $:# No. 12 (2006 4 5 )



