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Synopsis :

The corrosion resistance of electrogalvanized steel sheet has been significantly
improved by codeposition of metallic aluminum particles into zinc layer. Such composite
coating is obtained by electrolytic plating in a newly developed bath which contains
aluminum particles dispersed. Aluminum particles are distributed uniformly in the
plated layer. The corrosion resistance by salt spray test is markedly improved with an
increase in aluminum content in the plated layer. Its spot weldability, drawability and
ED-paint adhesion are superior to those of electrogalvanized steel sheet.
Electrochemical studies suggest that codeposited aluminum particles in the plated layer
act as cathodes but the cathode reaction is suppressed by some electroresistive film on
the aluminum surface, and, as a result, anodic dissolution of zinc in the plated layer is
remarkably suppressed. The techniques of continuous Zn-Al composite electroplated

coating on steel coils have been established in the scale of pilot line.

(c)JFE Steel Corporation, 2003
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The corrasion resistance of electrogalvanized steel sheet has been significantly improved by codepasition of

metallic aluminum particles into zinc layer. Such composite coating is obtained by electrolytic plating in a

newly develeped bath which contains aluminum particles dispersed. Aluminum particles are distributed uni-

formly in the plated layer.

The corrosion resistance by salt spray test is markedly improved with an increase in aluminum content in

the plated layer. Its spot weldability, drawability and ED-paint adhesion are superior to those of electrogalva-

nized steel sheet.

Electrochemical studies suggest that codeposited aluminum particles in the plated layer act as cathodes but

the cathade reaction is suppressed by some electroresistive film on the aluminum surface, and, as a resuit, anodic

dissolution of zinc in the plated layer is remarkably suppressed.

The techniques of continuous Zn-Al compasite electroplated coating on steel coils have been established in

the scaie of pilot line.

1. #

i

LA, WO, B AL X o Bl R,
@, iy romt At Y, i it
5 T(ﬂt&@ﬂﬁ%mﬁ&%fﬁkﬁnf
LRI JHE S AL O T,
E: -—-awx.arml W s o oy T g 5 9
EFT AL T E TR, FOELE G

GEade, Eo b —meh 4 TP s ey o b LT

WA - SR sh s L LSRR YT
B oH, BEEHL LT ErEs T,
T il*?"&') - ?_1 T, LA Bl R L L E
frd oz, Whaeh - X L) Zn EHE O RIS
O e - ?‘fiiﬁl/f.’s()\”?fz‘ﬁ&’) 5 B B AN OO *’?ﬁf;‘"ﬂt
AT AL T B IR

IR RENS S, WA Zn s S A
RN S DR A e LOBRIEL 2
DB An Al RS - R TH LYY AL
U AL ACE R 6 AL Utfﬂi;if‘”' TEATEL

Za sh- BHAE A A7, FElen - X0 L B T, A DT AL B AR RGO L SR
i Zn QT AT RA B tosh, B AK b R Zn s BT S S v T L B R IR
D CATHI T EG S G s L, — ), ML, R o o b T4 s A8 Y
' SO A (R L PR R I e ERORY R PSS

l”‘ﬁf:z H -

Txa

EESORL AU AN IR 2y
CBRYUBSA 5 21 (SRR )



et far L 2o o, A ORGE RIS E AT
v R S R

7. Ha®H- AEROREE

2-1 BIETIE

Zn AlBOrsh - EBidey - Blis Al X it
ot S50 FOMmERIIHL S
Bt L, Joffiinlidisr o EREAO Al KD
B B At THREICIL L, L0 w
FmilEsh - & ARSI A $7 0.2% VIR EEIEAE

NP Al B 5
AOlER S TR SR GHE S v &k
A, k7, THID Lo Teh e EOESRNL
N L, FEEYLYOMT 2T Theh - 2 KK
] R S S ] SR R G

L i T, e EWWDkaF%FmJ
miﬁﬁﬁ%nmwmluﬁmﬂﬁwfuwﬁﬁ
{ i AEAH - REEANB LT

2-2 HHRL

Zn ARG ER O 3 AIA R EL LT

Zn - ST A E L0 THLD, HED
Znsh o SIS AlRESENL 2l G- &

AR IE & v sk G N 0% SR MR (5
BT AL ROEREE S AE () AR
DAy R L Bl T (I T, Al RO

fq’hlj“' AT A 2o lE, o 2EHRE M,
# LU AreEs—-FEnL, L0t Alk
*f»m] FEtEib M a7 F o HErHE L LR
L KB USRS, Zne o X0 A FAK

TR & In.T< L

1Electrolytic ('leaning]

{}ilectrodeposited composite coatirﬂ

Fig. 1

Schematic diagram of preduction

AEdo AR wmPibEh,

Boqh fl 1930

General view of the plating section

Photo. 1

in the pilot line

AFE s AL(OH )y, Zn(OH ), 35 L0011 88 &
ML ikic kg T J)AH;}»RJU}"‘;(N i va\
M TEL LI A F AL B L W
T s, W L e R S f
OB BAS S HRIT RN BN TR D
0.5M/! Zn50,
05M/{ Zn 1O},
0.2M/I AL{OH),
30g/1 H;BO,
20~ 30e/1 ALK
{ -~ 250mesh)
b, AVEFARGEML LD, i is E R
L2 AR L7 0 s id s B A 2 BRIl
AN T B - ATE S,

pH5+0.2
s 404 5°C
IHEL 15~ 30A/dm?

3. #HEHo ERORESH

3-1 e aHEBOHIE

E R ALt Ao HTIREEL D
T, & A EEEBLUENEA, LR A
Photo. 24 {2 .1:7, Photo. 2 (3 E&TERIT E
= B FEOBBEEETH L, HIK hH Dy
MADHLERD LD AN L2 AR AR TH Y,
B s BRI B L TR L T S D2
D, 2 IR LD AR Zn O
WAl A, Photo 3 X e qf 77+ 74
e A M LB LA LA, Znsh s
Elgepls Al 7 #p (2oL Carfi LTS AL
Wi Lo T8O X Rk nn T
WL LD T, £72, Photoo 4 Wiz 554>



Vol 12 No. 4 Al PP 2 AL s N AR T

Photo.2  Scanning electron micrographs of the surface of 2 Zn- Al composite
electroplated layer before rolling
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Photo.3  Characteristic X ray images by EPMA Efyate,
of the surface of a Zn-Al composite
electroplated layer after 2% rolling

Table 1 Specimens

7 Al i Zn Al compusite electroplated steel

A1) sheet rolled with 2% reduction
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T R B I
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GA {ralvannealed steel sheet

M Zincrometal

Steel Cold rolled steel sheet

3241 ZInfIBBELVAIKIREORE

{Giem

T Surface, (2 Electrodeposited layer

D S Zn Al 405 - % SO BIEL BIET Zn f

i B

Photo.4 Characteristic X ray images by EPMA Fa, AlEMrmbB Lo 28 E Fig, 2 125
of the cross section of a Zn Al composite 4

electroplated layer after 2% rolling
s B0 AL Zn 444 s ma it
o] b A8 AlAHa T 2 o ks Lo TFE LM
TLALEDH - ZFEIITE ) — s L T b 2 1L, 722 00A0 ik AL CH e B3 T Hesl
EAbhe L, L7wd, bt S eBH FT52 104

67



AT EL 1 1 f S e T Rl o By
satdh a4 iy 2% T iR S

Ul Lot
Wik 2 <

ol ’“ 7 ‘_J 7y ) P .
35
TRolling
(275 reduction)

301 B
s
E 2 @52 m? Zn - Al
5 [e X11]
3 204 XI5
£
a
£ 151
=%
e o
i3 _
E'H 10 X - Without
273 / ruHm’gi

2 ’,"' Al0em' Zno Al

-.A’A,
i i i 1
0 2 4 & 8 10

Al content (g m":

Fig.2 Effect of Al content on corrosion
resistance of Zn Al composite
slectroplated steel sheets in the
salt spray test

3-2-2 FREPEREEE

Wobids LI SST 2 U 5 R4k
i & Photo. 5 £ L1756 F oMY
M AF R EaE S Fig, 3 0,
s - RO L T S LU
"'mfﬁmﬁim’i"l WL AL ROEmME & 4
SRR L, TR IR 2T

FAoEERT i
QHW&TMH<$ME$Jh%m¢¢MtMﬁ

[ /]( L. N

AR LTS, -, EMOE A Zns 5 &
ok, Al Zn & BBt i Zn £ A A
AR L, FoEhzit- T A, Gl
Zn s BT B RS I T A A "L,J)nm"’fr"‘- L,
F O iR A O Tk &uﬁ\%?’fﬁ’fu Wotlb.

ZAus Ik T L T
EAE SN
Zn Al _ﬂi:’r‘d’)»z

rmf{l"fu’)&l 341

Ff kA Zn & B
LUKEEY Zn o o B OmT B L SST MR
L) & [ — Zn f AT THE T 5 5, Bl 5
S MO Y Moy 5 ~ 131 o BT A AL

Tk

- B8

(LR 1980

red

Area ratic of
=

rust @7y

Duration of S50

®7/n
a7n
#/n
7n

AliZn 135
AlT7n 15
Al{Zn 15
AliZn 24

AL 3erm”t s BEGHZn 20mim™
VAL 35wy s BG40 mY)
AL 5 0 KG i Zn B g m®l
LA 3 3pomt 2 GAZn 30esmY

Fig.3 Avea ratio of red rust spreading during
{SS5Ti{or the specimens

deep drawn into eylindrical shape

the salt spray test

R b odit il Al e R E A
@dtiﬁ L EATa s, i, Fig. 3
GiD, Fy20g/mt O FE T 0 5

L 60g/m® DAL Zn 80 -0 3

'ﬂ(ll
g

A B D4k
oy i ge

I AR? m.t A, ERAMTIT e S
W; 1o B L Tva kDb,
L e F g e R AR S e 7w S

ALV TR M A EL (3 ¢t 4

Photo. 6 £ & b2 L 512 Do Gt *yﬂ& T
L., <o bﬁl%ﬁ Foaml widiE, A
THEese DL A T - f2 Lo TIE N J o R IA
FTAMELR AN O T AR LA,

3:2-3 BRI B3RS

SST T iz & - T D & ik o bk
At 4 Fig. 4 (7003, Mgz L 2o S s e
MR iR, KA b P X —F- T bmm

PR LZ 250 Sl L 2P Th 4,

Fig. 4 Al Lhd L, B 30 AR
R AR R ON Pl B AR ol SR g 10 “.'-Jula”/wi AL
ST L, HdiMio~T g hTves

T”Jf%’ Hls d}]ML}F‘“ WU BB ol R

Ao TRk ET BMeE T L, ZOHEL
ﬁ"] L T, U‘ n‘AHJ oy I"J A s Ilblik%lﬂflffﬂk’l/‘fifl T

GHN A & kAT i,

HUS b D e KL B o BT

H"){)\') Gadl Znooh o REEHGIHEATEL
Fararira LT 2 Fahd o dn,
ok A, Zo AL o BEIBUE UG Zn

By - AR O
1& 5 Zn - 5 il
B

:..‘J



&

Vol. 12 No. 4 Al FOME An-Al B S X Rl e [N iz

2
- 7
=
n
v
=T N
=
<
=
g
5
a
13
30
- - H o 7..-‘ :’0 i {,
g/ m’ -1 I /n 30 ; Zn 50 Znl0G Zn 50
Al 5 !
Specimens Zn Al l EG HBG GA
Photo.5 Appearances of flat specimens after the salt spray test (S57T)
. 2
=
=
n
wi
B
[~
=
=
z
=
a
15
. Zn 30 Zn 40 i
i _ .
g/m Al 3 ‘ Al 5 8- um E 1213 um
Specimens 7n Al M

Photo.6 Appearances of deep-drawn specimens after the salt spray test (SST)

oo SE S D B, BB L THIRUS TR
I . ) 33 e 03]
BE HRET D E T 2~ 4O RE () » FWROLRME

T ARz B, Wl Znsh o SEMOE B AL, o

- 69



30 T

CRREAR " 1420

0 3r e
[T
AR
- 105 50
Eopay- Auo AL Au 300 AL S
= HIv, 100
B 170 AlZn 4l AL 35
: Zu Ali/n 400 A S
; g/ ALV n 40, AV T
=0l
L b1 Coating weight g m’
e ———
= —C i L
0%y 80 W 120 150

Phavition s S5 40
Pig.4 Thickness loss of steel subsirates with various coatings in the salt

spray test (8871

e R I S

o B it T T ol kf.l YR L TV A EM AL
fT¢1f%ﬁMﬁ%%ﬁM“901ﬂ£1wm
Lk Zn-AlH e ZHEIHIC BT E Zn o

2 5 St & AR E O A EER B A AT L
LIbhbhinds, B Sk IR An s
Bl Ak AL ATHRET S S D ok o R
1) 13 4 PR o s TR R R0 JT U A G
GTL B A EEREL DV T B AT 21T
BlETEE 5% NaCl &R (salb, Sl
e YR

T

b,

Hifh) 2L, % SR T N

A

Fig. 5 |2 Zn-Al # A% - 3 @, "5 Znh o
S E I UF Al ‘h{tf) A= BB LT /- KR
i & o, Whre - 3 HlHe P AL A 1A
A Zn ¥ *‘ﬂtﬁﬂh{"ii FlaldeTh 2, (1R
Wit A — R R A T H, - luA em?
OIUER I T A - S8, A Zn oo
o TGS AR RL v, Ll

ik - XA T —GuA em?, A Znsh o S
FAHL T - 20pA em? LRI E (B Rl
s sk e L iLh, o, AL -
I3V T o T ATE L NS0,
ooy I, R Zn & o 3 EIRS
Bl T2 A k9 ITHERRT A k)b“‘w"fﬂ L, Thab
P | T T o LUK ER L s R A N o A B PN
#EFn 0 Rt e A sl s B Juff"la R
#F 0 pU A SN 2w, R TRAFR AR

1A em?

30°C,

70

0.6

oo

i

[V

4 1.61-

=

= 1.2

g x BG{Zn 30 g/m™)

2 L4} osn AliZe 30,A1 3gm’] :
e Al

1.6 i RS | AR | FE

1 510 50100 500 1000

Current density (A cm?]
Fig.5 Cathodic and anodic-polarization curves
of Zn Al and EG in an aerated 5% Nalli

solution (pH 6, 30°C}

DFE LW E DR R E L, AL EA

B2 fovsr oy AR ok, FLOOREAN LR
R N S I ARl R I S N A TN

A A
TR s S RO A - A B R L,
ﬁm%mmum%téﬁmmznmﬁéu
ANE ik S, Tk, B
Al F L T B ALy KT DT i e
ﬂ(—.w&ﬁw—u; Riode, 4L FoRedln il 2 a0,k
I z& 15 :-r.l LTwsd Zn bl b5 7T TR RO
freh, TovamiATL L

DT D,

oy

T LS

T h -
%;%_‘»';1!23.,

by, T ForR RIS e TiE, B
X, T An o o MR, 55 LU AL Kk

Coex L BRI ER RO
Jj' ZhiLD N L‘J\,I'.‘-//r:’ fn\?f‘ 0 sST lai]"yr)

T

kAL
Lok



Vaol. 12

[\‘(l, 4 m

FEfean s SR E A= B B ol A A,
Fig. 6 11 SST T 25% 3] ‘
CR BB L O ¥ ) B B %)

Wi 4y, A= Fopdis LT s Foarhh

0.4
0.4 i
N = .
- e
41 0.8
- 1O
E o EGiZn 30g/m’ \K%
L4E e Zn AlZn 300 AL 3 e ~3
1.6 | T . Ll
1 5 10 M) 100 S00 1 000
Current density (pd cm'
Fig. 6 Cathodic-and anodic pelarization curves

of specimens (EG and Zn Al with ved
rust of 25% area nan aerated 5% NaCl
solution {pH 6, 307}
Dl SST g o0 b
e RV O T ?L x
#-u 5 JAH A
& - 5 R Al #= @i d')'i{{
AAd A1k,

hohs <4
S b
CANEC A Tuvdals

g O B
AHW FIod s TIRE 2407 Zn

TR,

BRI

it AL 0

ety N E SRR gl

frA by X Einddr s WA s I i1F i
S Fb A DR y)ffrﬂ.h&'crt ZnCle-4Zn(OH I,
HOTAR T AN AL 2 Al R ST A AL
MEil b A L AWE R LR 2 LTy
D IEESST T4 ALk T8y A
fSpd oL T koL Tued 1, SST
AL EEHE R Ml T, b S ey Za A
Wl 2o ARBE T L e A AL A Bl A }(]H
el AR 1P Cc R S A Y
CL e ER o AR R L Jﬁé’i e
R A D Rl Lo TR A R L

BT

-k Ao

_ » w o
[N T

I f‘f:ﬁ"J'Ci;iig)é?f"ﬁ o 1*317 LS r Z )ﬂ_Z&J.‘
PUFovd 902, Zn-AUBIG s - BEBL 35
BN P E LR P A G N ) £ BT B /R = S S

FUIACRUNTFM L & L T e A

344 HEHo SWIROERNIENR: SRBED

M

G 3 ML SR 01 RIRT,
T R R R A ik

] Frfs v T e f 180

5 LA

3-4-1 fEpciniBtE

71

Epl e ST S TEh - B REMIDRE LA e %tﬁiﬂfqi- (F>T774 1 #3114, 60°C, 150s
FEZLIA, 27 =) BB R ) AR & Table 3
Table 2 1= SST 1= & o) Colbl Al ikl 1o Lord . Bt % S ) A R I S
Zn sy X iﬁﬂ‘f’id) L E3ir s Thbd, 0,
Table 2 Identification by X ray diffraction of the i freh - 5 H‘ﬁ L) ABEERE RHRLE % Zn &)
corrosion products f:)1'de c)‘n Zn-Al and HDG - % ﬂﬁH ] ""'”{'75‘ L R N T L\”fff {
in the salt spray test (S5} . .
- ] T ")]J'f;*?li SR, 0o A T
SS8T ZanCly- 4Zn(0-C0,- - i e
day) 7n | Al 7m0, H,O 7Zney Vb I EAh A S,
0 || X i x
| = ; Tahle 3 Coating weight of phusphate film
3 !‘:;D Wi N LA X
7o Al - - SR PR : e
14 || O i 3 B Pox Specimens Coating weight(g/m%
20 YRS i ) fox Zn Al| Zn 300 Al 3g/m? 2.5
0 b i) %Y Ix Zn Al Zn 40 Al Tg/m? 2.6
1 | o= LG Zn 40 g/m? 2.7
HDG = - T . !
3 S| [i$ HDG | Zn 100 g/m? 4.8
7 4 Y x GA ‘ Zn 50 g/m? 3.2
Steel 1 1.5
£ Strong
Intensity ¢ - Medium
AR W Weak Bonderite © #3 [14, Spray time 150 s
|4 No peak Temperature | 60°C



03, Wy
3-4-2 BEEHORENK
U AR AL PRI T = 8 WAL (R 20um )

Ziree, AT IAER, T A [i TN A
BAOT o AT AL L RS T A
Pr. T RO BV T, M*mqﬂ%mm
GRVERTIILE A Zn &) S HN, A o sh &
S Loy v AN R TEY,
T Zn o SR LW FLL L TH 12, IR,
WO - BRI B 0 A A AL BR R I R
BHDINT TAL, %Ei./’r&*)») & F TS AT O
MEhA i fed 52060, F&EEIE AT L 7o 7zeh F
¥iLnh

L

vy W

3-4-3 BWREEROMAN

lljbi‘](/) hy-}l“n[)iﬂf )'

Hid B =2 1) /Lﬁ“lﬁﬁ./ﬂ*iﬂ!ji Lk “E, "Ei' "’/s?;“:'

i du <, Mg I iige T
FOE O AT A

B, RO

DI T

1980

S B G )
P/ BT
hhH, Lai
ALY

IMTH&H; LTk b iR A R A A
RN AT
PP A s, SRR EEED
VA=A, RO SR I LV | U SN
LB R, BEANEE S A

5, 10, 20pum
Frahilz
SSTiz Lk
A IF A <

2B Bl TR o Fe i ML R o B PR
DRSO LV LN S,
FNR L Spm DAL 00T, Photo, 7120059,

2

g/m

Specimens Zn Al

EG

12 -~ 13xm

Specimens

Thickness of ED pai

nt . Sum

Photo.7 Appearances of D painted specimens after the salt spray test for 20 days

72

HNG



Vol 12 Noo 4
W s AU W Znosh o 2

Hli b iz Il
EERE A LR L AL L <

ﬁmxnmJ§MWhiuz>f

YARAR] X

s BEHFRE 0 omiR s FiA Kb v T BT R
LIRSS fE T e, A Bl _'I{'&‘)'C’,-'_)’_ [ HE{T L

3T A
LT A

Photo. 8 -
SPRL

7oa,

.
)
)
seratched ) .
position
-
i .
iy ! Zn 30 [
& i Al 3
i ) .
Specimens sn Al
A
H .
% “
- I !
y ! o
| ;
poT | —-
Vi Zn 50
Specimens i GA i
- o |
Photo. 8

e ds bix
TS My

v

T A T ILTE R

- 17)?5%?;{‘;'; K IJI:iu‘a e n)“}r{ Ji -,tf!\

SSTE0 ko 7w 2
I HUH 3 I8 AR R oo Wi L 38

Cross section of the sevatched position on K1) painted

LA AL SR

FRL I fi

T I

I
LN T

b,
oy
-
b
i
K.
lv
Zn 40 ‘ Zn 30
Al
i .
]
“z»
!
§ - 9gm i 12 - 13um

Thickness of KD pamnt | 20z

73 -

A, i -
R R L S
Ty s BB LG b 2oy B fTon
HEAT LR Tk

-

7 T T B

L

CHESND,

Fe UL PEE b & it e & & 7

Steel

LaL,
ﬂ__{’lm]‘/“[[llj.?)f‘ ) e
T A £ 7

-

Ll s

ST R R A |
T, E

»

;s
FAT BT by

-
5#-

1 -4
. S

Wi Zn s B

033

1ibet 507

Wil Zn

]
ﬁ‘ ') JF“S l’i 7

TR VLT

A TR N

i
a
b
-E
1
Zn 104
| S
HIG |
@
e |

”‘ @

et R
0. Smm

g
(e o
e

Scratehed
positioen
Steel

substrate

specimens after the salt spray test for 80 days



L%

i34 HI I Y AP E R 1480

Pl (BRARGRE L OEER RaE), AR LAENGY D
SETALPR B AT 5 5 DS ET R E AR el P L FoAr, A ATERENE 20pm B L R AT G
VD A AR E ST ) A B, £ A Fo@ N LTI B 2 A0S A, MRS
% Photo. 9 105, WAHEIRA Sem oty W DS A O Gam O F TR TR 12
‘A Zn - XEHE LS Zn 2o B f-\iﬁl*rhi!i (Al

B Aosh Zo ld b ooy Ao PR S A &R 3-5 HE-o SHIEO ARy bEEE
In OEEARTYICLE G, o ST N
S b RS AR TR L i LR
T4, -, B afHoZ LG HEt Znd - Zn Al BI(r#s - B IO AR 2 rr n Rl A -
EHME LAY > v 2 ST, A LR W7 45 VR T 2 080 b 207, ZHUd Wi Zn
DVEREO 4o AL A A A T RSN T A & BB s HL T s, TAD
@ AL, AEERAATE L v, G - 2ETRD L, Hifso 2 FH DO Al KHTa % 0~ 10g/m’ (Al
HAE, s =R E L ORISR O T AT RIS LT 0--30 L %) o diIH TR R
BTG, HEL AR ERmSY L O BAD A f R ety BT s RO B AL IR
EAEE A AEEAHL T Al b AD ELIIE X A XESME N D Edbd Tl

3-5-1 BEMICRET AIENBEOIE

| e I
g/me i
f T
Specimens
R S N - ‘
Q
St
o W
QL
RN
[ORENRE)
T I ] 1 Steel
g/m Za 50 B~-Gm 12 - 134an {3 Spot welding
i | 1 31 Coating
e - i _ R [ C D S — =
4} Seratched
Specimens GA ZM | Steel - Hcr,a et
positien

Thickness of ED paint [ S5um

Photo.9 Corroded appearances of the specimens weld joined and ED} painted-after the salt spray test for 20 days

!



Vol. 12 No. 4 Wi T A AL R
Fho WIS BTG e S d A
2L, AT A R L SR ﬂL CERY e
BAERAL O, AR RS T T e
doTFET e PR TE A D E b o, L

LRI (1§ & e - 3 R M
gy BRIy Al LR IR o A e A
MRl Sy o s b h.

b b

3-5-2 EHRAKy FEES

IR SR P S PRt FTuviloi ) 2 ey o
N AR TS éiﬁ[m]-fb{ﬁ.ﬂ’“f i f.’;J\ Fow b
a"{*iiﬂn"l‘ fa R S Fig, 7020

Zn Al B0 EHHOST L & )b

E 6 Coating weght | 28.5 p/m*(%n 25, Al 3.5
é .,',.4“ . - *‘\ - ““'4_,.“_‘

E 4 tlectrade Electrode JCu Or

= Sreel Chip diameter 4. 8mm

= “/L fee 111u*'m'i%i07mmf SPOCH
T 2 il Welding force | 200kg

) 5: ¥ | Welding time ]2 50s

; Zn- Al \;’\rld:m, current 7300‘\

000
Number of welds
Fig.7 Spot weldability of Zn Al composite
electroplated steel shoet

i L I
0] 1 000 2000 3 OOU 5 600

FIT R ORI E LD L RTINS Sz
P~ Ty PIRIZMAA T BN GES LIS,

tTrbhh, 3000 .?.'lL_'J\ i b sty ok
EELST  hdh, Lo L, ZanEBEpH Ly
Il k0T B }‘[‘H SGRET R M l. 0,
3000 £l L@ 2 b IR S 2 LR
o

Lfedi T, i AR X 45 HEdiHE
fok LT, S 0 L T4 it f{‘FJ;iJ“Lf £y
NS Zo-AlL#G - BRI 28 FEEO L

LAHRTH S,

3-6 HEH- SREOFK Y MIE

Zn-Al #{55h- SHBO RS - S84 v,
o Bl A AR L TRk D L 8o
DIITERRE A Zn o B T T
BY, BRI 0150 1 4, Dt s
¥ o B AN WG BN AT OB 7 AT 1 A
T o, MERORENAT CNTVE Dk

WEHT AL £ L5,

Pl s x

b,

ke o 5] % iz
4. & El
L B L7 gqid frt Zn- Al AR e - &
bz oy it b EERN T AR S L, TR,

SOOI RITRT B R R T R L

TET L eI A AL A A - L T l’! m"
e T bl s F e, WA Zn s B R A e
Al AT & Fmb e Az n) A Ay, £

7 )Ii}j AR A TR g g (o
TR 5N TH D,
Wi Zn sh- SR Al k4 x5 o

iEn, ""ﬁ(”fi‘#ﬁ”’ifﬁa’ [T o R OvE

S Zn ah o S HIRUT Yo A R £ T i e

S0 & mHEAYIN BE 4, B0, Mo &

Bl L, thET £ Tolt)

WA (A (B2 — 4145,

(2)  Ed sl &L IR A A

AL M UER BT S TR S R ot

fte o,

(3) WMBEHENRMEML T CHTHEY, & c:zf}hﬂ

B & B e - S HIBLE O EHEIID By T

M & & - T AL BREO L PRI

Wi EFEEAr -T2,

HTRL L, NTrao LR sl B S
AL T

) @I cdmm g2 L i 0T, O
TNOEM Zn - X HiMd 535 Zn sh- 581
BUZIEN T 2R o FiEEr A ATH D,

(5) Bideh- Bt iis vy —FEd s Al &

Wi 7B % T RO A TR 2
SV E L S Zn OERAIBHE NS D EID L
LAOATHY, SLIZZaABEAELEZHETL Al
AN EH IR L, WES eIy T 2 2
AT o THRURSTE K E L, EmSo ARy
RUIE I TR

PEbavd9uz, Zn-AL# &S As - 58t
WOE Zn o X P, HEE Zn o XERG,
/"TL Inr - SHEIM B LN > 7o 2 il

Cod CrulFemiteth # AL, & (LI

cI)FJJ FL oyl ey K AT PRSI B X 1L L&*mash AT
BHEEZ LA,

bl KE 4 f121 T, T ISRk s
& TN HETRAIE 7 iy o0 [ £ h[an%ﬂibf; T i,

felipig vy, 7



030 mohi ke owko4E 1540
& # T W
1) R V. Williams : Electropiating and Metal Finishing, 19 (19667, 92
2} E €. Kedward: Electroplating and Metal Finishing, 25 {1972}, 20
1) R. Bazzard and P.J. Boden: Trans. Inst. Metal Finishing, 50 {1972), 63
4 LS. A oui o MO ATHEE S MR CH SRR EIFUBRD . T1972), (H - Vi)
) #hRR AR 11 (1973), 220
§) S.J. Harris and P.J. Boden: Electroplating and Metal Finishing, 26 (1973), &
7} M. Pushpavanam, G. Varadajan, 5. Krishnamurthy and B. A. Senoi: Electroplating and Metal
Finishing, 27 (1974], 10
8)  FiUETEGl, RPHIBE T aOIUIMMCINEE, 23 (1977, 29
9) BRI, A E e, AHER HRRAER, TR el HOASYY i, (1978) 77, 102
10)  ErrEcE BRI, RoRBRA PR HE 65 (1979) 4, 5383
110 M, SRYTCIRR. BONE O B- 8, 65 (1879) 11, 5947
12) Ades, PHTERE o MeFE RSSO, 30 (19800 1, 64
13)  DMFBEEE) 42587 5430649, (1979)
14)  Slisi A, AR, BME - G Lok £ 57 [l 7 i g Ao BT %, (1978), 108
15) Dl EEkGD © SYBANT 544240, (1979)
16)  AHdE., SR, M- R BRI BRI 57 A i A B 0, (1978), 110
173 A, ACHEE, BNNE - RIS RIHLING 2 50 MUERBE A SETE, (1979, 98
18) KIS A, AgE, FDE— B EAR RGOS 60 [l e A BV, (1979), 134

76



	★j12-625-636
	j12-625-636

