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Application of Scanning Vibrating Electrode Technique for Evaluation of
Chemical Surface Treatment on Zinc Coated Steel Sheets

Hiromitsu FUKUMOTO, Hisamitsu MIZUKI and Kenichi MASUHARA

Synopsis :

Using a scanning vibrating electrode technique (SVET), corrosion current distributions in a dilute
sodium chloride solution were measured for chemically treated surfaces of two type of the zinc coated steel
sheets (hot-dip galvanized and zinc vapor deposited steel sheets).

The following results were obtained.

(DThe zinc coated steel sheets with a normal dip-chromating film after painting exhibited excellent paint
film adhesion and satisfactory corrosion resistance at cut edges, when anodic current was not detected by
SVET over the entire surface of the zinc coated steel sheets after the suitable alkaline surface conditioning

treatment and flash chromating.

@The SVET system with a electromagnetic loud speaker unit for vibration proved useful to evaluate the

chemically treated film on the zinc coated steel sheet.

Key words : chemical surface treatment; current distribution; scanning vibrating electrode technique ;
hot-dip galvanized steel sheet ; zinc vapor deposited steel sheet ; painted zinc coated steel sheet.
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Fig. 1. Schematic drawing of the SVET system.
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SEMER L7z 2 ¥ —% —Tit, Bk (F) 25 220 Hz
DIEZ B O FRIFA A 150 pm %R L7z (Fig. 2).
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of the SVET system.
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Fig. 3. Relation between E,,, and distance from
specimen to electrode of the SVET system.

200 ppm C1~ D EIEAKH T, EEE Al 05 XSOk
I21.5mm @ D F)NMTHEEFIF LB E2HIEL 2.
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Cl™ iFE % 20, 200, 1000 ppm (% L 22 T,
Cl™ AT LENINEREE (1) 123 LT E,,, &F
kxS BEMERL (Fig. 4). 72, EOBWTDH,
EIN&Es (I) & E,., & 3BT REEHEFRIH D, E,.
*BRRFBFE BB THL DDA,
2-3 EEVRIHTBEEETOMESRHS

2.2 HOBMEH SMELRM % Table 1 ® L) ik
7:.

2 ¥ — % —DWHREEHR (F) & 220Hz, EHBROYRMNE
(A) ¥ 150 pm, 30K & B4 & O HEE (D) 13 150 pm, &
fRE NaCl T Cl™ i % 200 ppm |2 F% L 72 KB

L7
2-4 HEM

raA M 13 AR Zn © 5 SHM (No. 1 : H. D. G.) &%
#E 7Zn o XM (No.2:Z.V.D.) THY, O
% Table 2 2789, ZOMEHCBELATR L LK
LB %t L 72, {LALERIE Fig. 5 1SR Lo K 9 &K
FELE (S.C.T.), Z7ux— MLBONIZERKL, &
ARSI EREE COMWEIZIE, FhEho BTy
FTY L LELORM L. G L 2 RIE R L
L, KO F R4 HS NaOH TE)E L — A (Co,
Fe) 2B &% TdHA. NaOH 2L D Zn DAL
R4 % L, Co, Fe # Zn ® - X TR EIBRMH &

Table 1. Measuring condition for the SVET. Table 2. Composion of specimens.
Item Condition Zine layer Composion (wt% )
No. .
Frequency of speaker output ( F) 220 Hz thickness Fe Al Pb Zn
Amplitude of electrode (A) 150 wm
Distance from specimen to electrode (D) 150 ym No. 1 7 pm 1.4 0.9 0.01 The rest
Electrolytic solution 200 ppmCI— No. 2 5 pm 0.8 Tr. Tr. The rest
Scanning area 10X 10 mm > :
Scanning pitch 0.5 mm Base steel thickness : 0.5 mm
T T
103} ct:20ppm @ 4
/.
~ I .
=2t
~ | Tap water
=
810 B CL:200ppm
; .
w . IV'
/"' -
- CL:1000ppm «Amplitude: 150 gm
.5 . L . *Distance: 150um
1010-6 105 10 Fig. 4. Relation between  current
density and E,,, of the SVET system.
Current density(l:A/cnd nsity and E,,; of th y
1 .
$.C.T. [ Normal 2 HDrying Painting
Specimen + Chromating S
Rinsing|™] | (Bar coater) 80Cxlmin Pr:Epoxy(5um)
Top:Polyester (20um)
Cr Coating
Weight 40mg/m?
»2
b Flash Rinsing Measuring
Chromating — + with the
(Dipping) Drying SVET
25Tx5sec ¥
Cr Coating
Weight 2~5mg/m?
*1, §.C.T: Surface Conditioning Treatment.
*2. Composition of Chromating Solution.

0.1%Cr Si02 and Acrylic resin

Fig. 5. Flow of pretreatment for painting and measuring.
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HLEEMIES 1 7ChDH. 7o x— MLEIZ Cr i
BE250.1% BEOZ 0 X — MNABRICE DT 72, & B,
70 x— MEKIZ, Si0, BLUT 7Y LEBIEY SR
HE 7 ORX— MR TH 5B,
2-5 KRFBE

fEaAM % 30 X 30mm 2% » b L7z, HiET— 7T
EHRBLUCYMIKEZ > — )V L7 (Fig. 6). ZOMH
% Fig. 1IORLZEHICT 2 ) VB OEHERHEIC
n, FEERICE & EEBEMBECHBIL 2475, RE-ER
PIPERE % BE U 72 1Sl 2 BAgA L /2.

3. EBRERBIUVEE

31 ZIn B> EREDERIH

> E3FTFTOBEB Zn O EHMK (No. 1) BLUHE
% Zn o M (No. 2) % 200 ppm Cl~ A I22
BL, EXRIRSEBEEICLDERCREL-BAE
WY T 2RMES (E,.) 2HIELZ.

@Rl Zn © 5 ZH T2, Photo. 1 IZ/RL7-K 512,
BEAY E, Fobhhhrot, TRIIHLT, &
# Zn o SHMTIE, Photo. 2 I/RL72LIIZ, E,u
PROON, KBOLEIIT7 2 — FEHEIRIB 2.
BV — FERIZDD SR Do 7275, Eoy 250 1235V

Z = E,y, : Full Scale =1mV
X, Y= Distance : 10 mm

Photo. 1. Potential difference map of a specimen
(No. 1:H.D.G.) before pretreatment.

Z = E,y : Full Scale =5mV
X, Y= Distance : 10 mm

Photo. 2. Potential difference map of a specimen
(No. 2 : Z.V.D.) before pretreatment.
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(No.2) k% XPS 8L U AES 2 X W 5T 5 &,
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Al Zn ¥ > EHWIK T, Fig. 7R LXK D12, Zn LL
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Fig. 7. AES spectra of Zn for Zn coated surface.
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Fig. 8. X.P.S spectra of Zn for Zn coated
surface.
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300 A [Z = ORRALEIEATER & h, BREOWHE I, &
METE A S 7-AlOs, (Zn, Fe) Al,O,, Si0; B X OF
Zn0 7% EASERSHC ARER AT OBIRIC L > T &
HEshTws, COBRRBOBILEERE S L7700, &
Fh Zn © o XA 200 ppm C1~ BiH CERILFD
WCARTEMIREZ IR L, E, PRI S h o 7o L HEE
D, —F, %E Zn oo SFWKTHE, Fig. 7 »6%K
BH Zn OO ATERERLTVWDS I L, T,
Fig. 8 7 &ML 2° ZnO HERT TH A T L b
5., 20O Zn0 FERSETHABALEE T, 200 ppm
Cl” B CIEMERL, EuPEVWHEEZRLEZLO
LEEEND.
3-2 REWBLBEOERDH

B Zn o> SHIN (No. 1), ¥ Zn - S#K
(No. 2) (oKW FELEME % i L 7214, 200 ppm Cl™ &

Z = Ey : Full Scale = *1:1mV, %2:5mV
X, Y= Distance : 10 mm

Photo. 3. Potential difference maps of specimen

(No. 1:H.D.G.)
treatment.

after surface conditioning

WRIEL, EERIRDEEREEICXD E,, TllE L.
ARh Zn ® o XK (No. 1) Tid, Photo. 3 IT/RL
7ok H i, REFALWIHEMH 6s BTk, 7/—F
LHV =KAo EYXRITELBRIMERLI.
VERE Zn o MM KREICRERAELBE LT &,
Fig. 9 IC/RL 72X 912 Zn x4 5 Al OIS, AL
PRREEICIG L IR T ¥ 5. BRB IS & h-BEBRILE
BYCAIEE 2 Al & LB LRSS, SRR
BOEEDSTHA NaOH IZ XD T v F v 78N, HHE
WKWEL T B L &, E, VHBICBEB ShDZ L &
el Twab,
¥ 7-, REMEUHEIFNZ 6s XD DIHIIRLATAS
&, REBICROOR T KRER T/ — FERY, /b
B AhMEMERL.
RAFEMIEHLD Zn O SREICHH L Co &R
i35, Fig. 10 (R LX), UEEEEPZE <
AR L Co HrEAHMT 2 2/RY. & Zn
o ZHH (No. 1), 2% Zn Do ZHMM (No. 2) &
H Co BHTHIT A EIZ& D, Zn & X FKMAT 200

Z= E,, : Full Scale =5mV
X, Y= Distance : 10 mm

Photo. 4. Potential difference "maps of
specimen (No. 2:Z.V.D.) after surface
conditioning treatment.
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Fig. 9. Relative value of Al for the surface of
specimen (No. 1) measured by X.P.S. before and
after treatment.
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Fig. 10. The results of Co-precipitation weight
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ppm CI~ B P CEZALFWICAER L 2, E,, O
AL oo bD LRSS,

% Zn » o WK (No. 2) Tix, Photo. 4 IZ/R L
72& O, RARELEBH*RELSTAI13L E,, 2K
R BHEMZRLI.

ZhE, FEAE Zn O EFEMEROBEILE AT ZnO
YERSETAHEBETHY, NaOH Ty F > 7 s5h
LK, MEEHD S Zn PEH L, FEC Co 25HTH
LTRAEWET AL EMIELTWB LEFEZ S,

%3, Fig. 10 Tid, @t Zn - 3HH (H. D. G.)
D Co Wi EH A Zn Do MK (Z. V.D.) &%
WERIZ R o TWwh, REOEEEIRX Z. V.D. o f»8
=, HoD.G. TidEBICH5H Al % NaOH Tx » F
YL, ZV.D. X5 X2ROBHENS

, ZOBEWMEIHIE L Co bbb DL E 2
5.
3-3 ZEHP/OA—- MABEOBRIH

B Zn O MM (No. 1) BILUEE Zn o &
H (No.2) ICHEBOLHCREFMENHELIEL, *
DLIZHMAE 70X — MLBREL 2%, ERLTr o
A—MEBEFER S 2. 2o % 200 ppm Cl~ &
WIZREL, ERERIRSEBEBICLY E,, xHIEL
7=

LALGNL, CORBLEME 2 02— MLEE % i
LCEBRT DL, $57:K E ., "R ST, WEL
B LrERTRAET AN TEL L kT,
ZIT, Zn o 3R REMAELELEL, 20
FEBHM s 0 X — MR L ZEBICKEEL, ERE
BIZ 7 a X — MLERIGE #b o 723 2B L 72,
COMEEEH 7 0 X — LB 2 RE L L E,,, BIER
&% Photo. 5, Photo. 6 IZ/R L 7.

3:3-1 ¥Rk Zn ® o EEWOBE

B Zn > EHIK (No. 1) Ti3, Photo. 5 277 L
&, RERBELEL S 2V CHEBM 7 o x —
MLEBE ML 25 E, RERELEFOD 233D
Epi CHELVWHIERKRTH 5 72, RIS, REFHEQLR
% 3sfTo/ctk, EEM I OX— MAEL KT &, EEH
AT CRRAL R AR 0 W\ SR L 728y AT 7 1 —
MLBHE & OGS L TERILEMICEE R 7 0 2 — FEIE
L, DV —F&hoTwW, BALEESERL T
WRWEG R e X — MLEEE B LTESY, 7
J—=Fé&hoTwi, $/, FEFAELEY 65 1757
%, ERE 70X - ME2KT L, Zn REOBILEEH
ERBEH LB 70x— MUBENLDT, £EANFE
SALFMICRE R 70 A — MERTHE SR, HIEOK
R E,, DEIKEBFIHPEAOETH V— FERIBIM =
N, SHOIKREFAELHFRLTRCLT15s ML
ZRRRICHERHR A — MUEEETE, T —F, h Y —
FORIEL: E,,, DA TR L.

3:3:2 A& Zn o OB E

##A& Zn o W (No. 2) TiF, Photo. 6 IZ/RL
ek ST, REABMELES 2V CEEEM 2 0 x— k
WML 2258, R 5 H Y — FERMRH SN,
EHPEFMFNCRER 70— PR THE SN
bOLHEMS NI, KEMAELEE 3s DLEFT - 281
BIREH 7 o x — MLE AT &, MERfETIEH B HIE
D E,(7/—F) B0 E,  (H#vV—F) »BRIEL
DAk RL. REABLEBICI OB LA Co, Fe
REH, FYELEERBL TW5 NS R,
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3-4 BEHOZEZEMLEHBY

YR Zn ® o XHHB (No. 1), & Zn o S8R
(No. 2) CHEA4 D&M CREMELIELIEL, HIEFH
MBI 7% <, WEBENLE L L TLELFEFTERA
BMrox— MLEBEREL-E TRFIROTEYER
RRBAIZA Sum 1% 5 L) CHBE-BEMFIFL, 20Ok
WARYVIZZFNVFZO D B BEES 20 um 2%
HEHOWCBE-BEMHTLE CASOXB ¥ BEEE
iz 180° BT AER (0t, 2t,4t) T, WEMEIEK

MEERERIT 240 h fit L 7= 0FHEE, 5 v b, BRO
PRI RS O AR IS L HEEM L 2. MR %
Table 3 IZ7R L7=.

3:4-1 ¥RE Zn o AMKOBE

AR Zn o ZHM (No. 1) T, REFALEMIE%
s FICHENORAE 7 02— MLE LKL 25E, &
BEOBmEE, o< Bohhh o T EKER
HKERICB W TYWIREEICEREIAEL, WEAS S 4 mm
DIETRES L MABO LN, —F, RERELHE%

Z= E,,; : Full Scale=1mV X, Y= Distance : 10mm
N\
Photo. 5. Potential difference maps of specimen (No. 1 : H.D.G.) after chromate and

rinse treatment.

Z = Egy : Full Scale=1mV X, Y= Distance : 10 mm
Photo. 6. Potential difference maps of specimen (No. 2 : Z.V. D.) after chromate and
rinse treatment.
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Table 3. The results of investigation of paint film
adhesion and corrosion resistance.

Adhgsion after Corrosion resistance
No. S.((;.)T. Chromate 180° bend test (SST 240 h)
0t 2t 4t Flat | Cut | Edge
0 - X X X FAN A A
3 /AN AN O @) @) AN
No. 1 Treated - N - -
6 @] O O @ (@] O
15 @ Q @) ) ) AN
0 O O @) @) @ )
3 (@] @) (@) (@] O )
No. 2 Treated -
6 O @ O O @] AN
15 @) @] O @) (@) JaN

* Good — (O>A>X — Poor

3s,6s,156s LML 7%, WTED 7 0 X — MULE# Jif L
THE LG, O3~ THs A 2 S5 %R
L7z, 70, YUMmIGEEC O, 3 s WLIA Asu
A5 2 mm DOFGTHEES  MARED Sz LI/~ T
&oto. 7275, 15 s WLBEA T YIWTIRRIEL (AR & oS
B b, LLEO RS, Hah Zn oo SHEHTIZ
6 s FIRHEALIELE, P DBARL 7 0 2 — LB % ftd
THREHILIRD, REEITHLENR D,

kB, AR O — MBI, JEROSRICME R 0
D%, FEEICEO - ERMEMGLTE Y, WIBER®
DOMAS, Y7 70 X — b R % AAT L, BT iR
WO AMEICEEL NIFLTVDI LA bh b,

3:4-2 o Zn o EWMHOB

A Zn O o ZFM (No. 2) Tid, i BULM %
Wi & FUTEDOERAT 7 0 2 — MU A L 2854, B
b EIEEAEMEEZ R L, YRR OB RE b ME T
otz —F, REMEUHE 3s,6s, 15s WL 72
%, 70 X— MM AL THRELZBMSIIE, B
A ER TV 229, SIS 25520 S .

LLEDK RS, A& Zn - SEPCCIE, KAIHE
WA S 912, HETEOBRAT 7 0 X — LB % i
THREFLH DY, BEETHD LR B,

EHI, BAE In Do PP BT D, Bl Zn © 5
EHAW OB & AR, BIFER 2 0 x — ML % 5 L 7
Y{riZ, SVET T7 /7 — FAMI & e VAL G 78,
B BIEE AT, YIRS AT Ol it % 7R 4 SRR HI
AT AGGICEETHL I L Db RS,

4. % & &

WD - EHWE Vo ThH, Do EJjENRLED L,
RIMNOBRACEEOMB -G R 0, BAR 7 02—
NLBEETIC S OREERRILER . = v F > FF g X v
PWHEEZ Know how £ %5, ChIFTld, =527
Wi, Co'Fe % YO &, 7 ox— MEEEB LY
7UA— PEREHRO Cr gL 2 LT H & DI,
M4 OSCRMMELI A 5 L 22 3FHc ARl 2 o
X — MALER ARG L, WL o1, MEEEOSTE, WAt
EOMEMERER Y L CRE L T X 7.

AT, RIARHEE - 7 0 x — MLBHE %O
ST DB % 200 ppm Cl ™ A # A © Az el
IEYEMBE L DMl L, BonEEESAIE,
BERDOBIEEATEDL K OWRTEE OBFR* ILERH L
2. LT, ROL) iRk oo, EREREIE B
DS, BERTALBL OFF 2 R O B % S 5
FiEELTHEHAWRETH D Z Ehbh o7,

(1)WED > FAMOHGY, WAL 2 1 2 — b ALBLET
OFRMARFE & LT, HEEMN 27 0 X — MLBHZOEH 25
T 7 — FERARH S v X5 SRR %
THI LWL, BBEEEESKRIFT, aEMcER
BREFNATR SN
(2)F bbb, @il Zn oo XM TIX, 6s KM

S TIHEDEAR 7 0 A — LTS T o & 28,
BEATLH L L CRB L ENETHDHEVZS.
(3)EIEM 7 0 X — MULB{%L O SVET 2 X A AE
TRHERT R L, MEOBARI 2 0 x — ML % L 22
AW DOY R IGIR SR O &M & AR VI ER L. oh
&, AR O X — ML O WIBIBERE O KOs, 7
70X — MEBEEKELALT LTSI L E2RT LD EHE
gan,

X (73
1) fRHEDG: BEHEW 10 ABTA7 (1982), p. 185
2) HIHEEE, 8K B 44 %, i, Beeie-ng:
H 8 84838, 51 (1984), p. 39
3 ) BYESEAE, BEMEHRYS: A4, 20 (1985), p. 318

4 ) L. F. JaFFE and R. NuccitiLL: J. Cell Biology, 63 (1974),
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