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Effect of Nickel Diffusion Layer on Weldability and
Corrosion Resistance of Lightly Tin-coated Steel
Hisatada NAKAKOUJI, Hajime OGATA, Kazuo MocHizuxki,
Toshio IGHIDA and Toshio IRIE
Synopsis :

Lightly tin coated steels with a nickel diffusion layer on steel have been studied on corrosion resistance and
weldability. The nickel diffusion layer is provided by nickel-plating and annealing processes through a

continuous annealing line.

The nickel diffusion layer plays an important role in improving corrosion resistanec by decreasing the
corrosion potential difference between tin and base metal, and by forming a dense and homogeneous Fe

(Ni)-Sn, alloy layer in flow melting process.

A convex and discontinuous structure of the metallic tin layer can be obtained by the flow melting pro-
cess using a special flux. Metallic tin amount of more than 0.1 g/m? which is necessary for high speed
welding is secured after lacquer baking by the convex and discontinuous structure of the metallic tin layer.

The nickel diffusion layer improves the corrosion resistance after lacquering. Furthermore the chromate
layer consists of metallic chromium and hydrated chromium oxide improves the corrosion resistance after

lacquering.
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0 ETRBERC 96 h fRIFL, FEERULEEELL.

2.5.2 ATGC (Alloy-Tin Couple)!®, STC (Steel-

Tin Couple) HEx k
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Fig. 1. Effect of surface nickel concentration of
nickel diffusion layer on ATC (Alloy-Tin Couple)
values of E 2.8 tinplate (alloyed tin: 0.4 g/m?)
with nickel-diffusion treatment and STC (Steel-
Tin Couple) values of nickel-diffusion treated
steel.
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(a) Alloy of lightly tin-coated steel
(b) Alloy of lightly tin-coated steel with nickel diffusion treatment (Surface nickel concentration
of diffusion layer: 3wt%)

(c) Alloy of lightly tin-coated steel with nickel diffusion treatment (Surface nickel concentration
of diffusion layer: 20wt%)

Photo. 1. Scanning electron micrographs of alloy layer (stripped side surface) at interface of

alloy and base steel.

Table 1. Composition of alloy (wt%).

Alloy Fe Ni Sn
(Fe - Ni) Sn, 14.4 3.5 82.1
FeSn, 18.8 0 81.2

Reduction 1.5% Reduction 30%
l 24u ' 24u
EPMA
2 >
line |g 3
enalysis |2 En sty
s &
N=0 tni=0
| 30 30
NI 20 Ni 20
i[th::\ (wr%)| 0 (wt %) 10
ep!
analysis o 10 20 0 10 20
Sputtering fime(min) Sputtering time (min)

Fig. 2. Analysis of temper rolled and double
cold rolled nickel diffusion layer by IMMA and
EPMP.
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Ni JBULEE % i L 7oA O BB XEE 3 © Fe
Sn, DEHFFAE —vERLI. CTHIIEES) E0&%
BLREUELECTHS. Table 1 Wib2AHic X2 TR
BB R L. Ni IR L 3845 0
(Fe+Ni) + Sn ottt FeSn, 44w Fe & Sn
DRI L BIE—FK L Tkb, Ni SEAUEBECLS &
411 FeSn, HEHho Fe 0RFHEO—FN Ni CEX
ot FeNi)Sn, ThHBZ Enpms. Fhtdsdh
o Fe b Ni ofpitus Ni kB i o Fe & Ni
DORBLH L FE L Ni KB Ni & Fe 133E%#
R Sn L HESELTWBIDEEL LIS, '

i, WL Sn LoOBAERTHS STC iy N
g BoERE Ni BENEL KB ONTHEL 2T
Wb, Sn EERIRE S » T XRTIEE, Sn OB EEE
EH Y — FCHAHMEOBORZTICI>DTHR T 5
A%, Ni BEB LA LR IO TRIRERD » v — V4
BHAKEL ok dbDLtEL LIRS,

WE 0.2mm DI FoOBEMTEE DR 21 X o
BEINSH, Ni EBABEEOBE Ni hEBERRE
DR #%ir 5z sicicn. Fig. 2 R U Ni fE#an
HEBLICRRICETR 1.5% oFfE By 7o
DL, FFEK 30% © DR %72t Dieo T Ni
I BOSFIEEY R L. IMMA & X 2B HAS
¥ Xruf DR i XoT Ni IE#BIRES Ih L
o TwBb 2, Eil Ni BERAELEL Th\WZ &35
5. EPMA L3554 VAR Tt DR it 1o<
PhER B A\ Q IED e foddie Ni o X ESHMEIE L 7
DTNBHR, FEFED Ni OAHFREBIEELL Thig
W k5. Fig. 3 w DR ofFF®RE Ni g
WK X5 LTS o ATC fE, STC 0B F % 5 L

— 279 —



1168 % L M % 72 4 (1986) m 8=

0.3 ™ @

e “~'\_§TC
o o TS~
0.2t o =

\\.

O.lo—®~g_£§“0

0 10 20 30 40 50
Double cold reduction (%)

Couple current density (pAZcm?)

Fig. 3. Effect of double cold reduction on ATC
and STC values of lightly tin-coated steel with
nickel diffusion treatment in grapefruit juice.
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Total chromium
coating weight : 10 mg/m?
500"

O
400

T

300

2001

100 /
L 1 L 1
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Metallic tin weight (g/m?)

Available welding current range (A)

Fig. 4. Relationship between metallic tin weight
of lightly tin-coated steel with nickel diffusion
treatment (total chromium coating weight is 10
mg/m?) and available welding current range in
Fuji welder FX-400.

7o. DR ETRAKREL o2 Th ATC 3%k LT
Wigh. SHIER Ni BENEL Lo E TR

ILTREBLRAESEBIELRTCWENLTHD. Fi,
STC {HIXETROBRKIAAE D TH TN PEL 72T
WHH, THRIIEERKE D L TH Y — Folpd
LAKEL o icdtELbRS.

Ni g LTS wk\wT & ATC i, STC
Ex @ CTEWER T 5 2 &23CE, DR I X 5 EH#
HOBETRWTHF bHELYZT RN &g o
fo.

3.2 EEd

RO v — A BB RBEREERENE L, Rk
pARELILWC ERBETHD, WMROBERITZD
ST RERNEE (FERERREE) oXE
TCEME I N B, BB &SR O R BB R
MBI D, EEEMIEHIVE TR ERIT RS,
LTS 0fa, REEMERILE Sn BLr7r a1

800

700} //

600 /
SO0 /

400— O’
3001
2 =
ML
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/llllllLl|'Jlll
o) 50 100 150

Ni coating weight (mg/m?)

Alloyed tin weight (mg/m?)

Fig. 5. Relationship between nickel coating
weight and alloyed tin weight by Ni-Sn allo-
ying at room temperature on lightly tin-coated
steel which was produced by initial nickel
coating and tin coating.
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LT HT, Ni oo X 2 kBEY 77
i Sn BDOX KT ORYEE, Sn HOXEENDLERT
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AT 5 O THEERD K TREAE E7b. Fig. 5 1w Ni
DOXBELERTESITS Sn BOBRER L. B
RENRTCELOMBUL Ni & Sn i 1:3 70Tk D
NiSng? L FEZh T\ 573, LEHYW XBTFHEETTZH
WT Ni-Sn &EEVEAEHE B-Sn BRZELDIDEL
T\%. NiJESBE X, »o% Xhi: Ni &3
TP SR 50 THEE TO Ni-Sn Bo&4bH
ST B\,

LTS 3B LU CEA S5, Ni KBRS REM
B> Sn oF&exREET 5. Ni iEamEkcy 7 e
— %475 LB S SLI R LAY ¥ — & 7 ARSI
LEBIBEINLEDOT, —) 7o -0 L0 Lk
Bef e OBIF 2B Sn BEXNE B h, 0.1g/m* © £
B Sn ¥HERTHIORREEECTHL. £ TY 72 —RD
&8 Sn OFAEWELYE X5 2 i X o TN 0H
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Sn A
Ni —diffusion ;‘f"’; Ni~diffusion
layer eling layer
Steel Steel

Fig. 6. Schematic diagram of change in form on
metallic tin layer of lightly tin-coated steel with
nickel diffusion treatment in flow melting process
using flux.

0.6]

O.5F

0.4

0.3

0.2

(@)
\O (b)

—— )

0.1 \A‘“~-A_(_c'.). N

Residual metallic tin weight {g/m?)

O35 16 15 20
Baking time (min)

(a) Flux a (sodium dichromate solution)
(b) Flux b (stannous chloride solution)

Fig. 7. Effect of flux condition at flow melting
treatment on residual metallic tin weight of lightly
tin—coated steel with nickel diffusion treatment
after baking at 210°C.

X s LTS oFE SEM %R L. 75,7 Ra
ORETEAMBTSY, FHESH 0.07 im 0 SF
Sn HEFELTEEL TS, 75, 7 2bo HBAMM
DREVWHREBLILOTERY, EPMA O35 1 vHHC X
RTRRELLMOERE Sn nERK UTH pm~+¥
pm THDOEBEIIH 0.3 pym ThHote. 75,7 A
bcn Sn OFREE(LE Fig. 6 wERMICR Lias,
Y 7 e — B X O TEF T (Fe-Ni)Sn, AE&H K X

(a) Flux a (sodium dichromate solution)
in flow melting process

(b) Flux b (stannous chloride solution) in
flow melting process

Photo. 2. Scanning electron micro-

graphs of lightly tin-coated steel with
nickel diffusion treatment.

oMM,

Available Welding

Sample Current Range (KA)
25 30 35 40 45

Sn 0.8g/m"

trs (i 20wt % )

DR8 0.183mm

Sn 0.8¢9/m*
LTS (Nl 20_wt%)
T4 0.183mm

E£2.8 Tinplate
T4 0.183mm

—
—
—

Welding machine : Soudronic FBB-540
Welding speed . 46 m/min
Welding force . 45 kgf

Fig. 8. Available welding current ranges of lightly
tin—coated steel with nickel diffusion treatment
using flux B (temper DR8 and T4 and E 2.8
tinplate (temper T4).

hp eI BEMLUL Sn NRFTNCEET LD EE
z2bhb. Thbb7Iy 7 AL X OTCEHER Sn L
PRER & DERENEIEL, 75 7 2 aDBAER
AR T Sn 2 EHERD, 75 » 7 AbDOBEEN
PAMEL T Sn BFFNCRE LR LoD L
Ezbhb. CORAHEORE{Z LTS CHETHS
2, BESD ZETIE Sn DOERBEVWOTID L S i
B iR shicu.

Fig. 7 whfi & BEFSR Sn BEOBFRE R L.
75, 7 AaTlk 10min B CERAESRE Sn 813 0.1g/
m? IR &2 T3, 75 » 7 Ab T3 20min #
T% 0.16g/m? OLE Sn BBRFEL, R Evg
B Sn #EE IS LI Lo TEEM#HK 0.1 g/m? )
LOERESRE Sn BERERCTE L Z ENXGhO.

Fig. 8 @lH OB AOBERSEERAMELR L.
E2.8 8h X35 B0&RE Sn 235 5O TV BEIEEE
BREGHEYEL 5. Ni EuEEc X5 LTS i1
T4 #44% DR8 #% 75 » 7 A b XAV TURAEETES
JB Sn B% 0.1g/m? [JJ FHERLTW507T, S &L
DIV OOER LT BERERERERLET S
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Fig. 9. Relationship between surface nickel con-
centration of nickel diffusion layer and residual
metallic tin weight of lightly tin-coated steel with
nickel diffusion treatment using flux b after at
210°C for 20 min.

Table 2. T-peel strength of various coated steels.

Sample T-peel strength (kg/5 mm)
E 2.8 Tinplate 0.05
Ni-diffusion treated LTS with

CDC treatment 0.63
Ni-diffusion treated LTS with 3.05
special chromate treatment -

Tin free steel 6.75

ZEDYDB.

759 P ADBEOLBADOBERNEO BREL B
Sn B& Ni ffEoEmE Ni BEORRY Fig. 9 1@
ALz, FE Ni BEN 0% DECkhstBRELE
Sn BENFELL A7y 0.1g/m? LITFE 7ed o &h
Shh. ThirdEm Ni BE2 30% Ll bkweicsd s Ni
X ? Sn OFGRENEVEZC b cdEELD
nh. Lica>T, Ni IKBEoRmE Ni & B 30%
DTRLTEBZENDETHS.

3.3 ZREEYE

BEEH LTS 3L - BREEEIr ERI R 5.
Table 2 & Ni iEEE X5 LTS L4ko &M
EMoBEEREYR L. E 2.8 50 E0BEBRE
WD TEV. KILUSNELS D EOBEEEINFVO
1% Sn/Sn Bt REOEEBEL T, Sn R HE
A EHEL TS, BEOEZ v 2B Y
— X 7w A— PUEYTOL NI IKBAEERC L5
LTS 1350 FRENTHLEBREE B, Zhik
Photo. 2 IR Uiy ER R & 5 #elizh B &
Kuroba LISBHEL TS L 5 CASBASRERL
TWCHEFR /s Sn AR LIRS Wi EEL bR

Table 3. Corrosion potentials in aerated 39, Na-
Cl solution.

Specimen Potential (mV/S. C.E.)
Sn — 340
Ni-diffusion treated __360

Steel (Ni=5 wt%)

Ni-diffusion treated 350
steel (Ni=20 wt% )

Steel —475

* Surface Ni concentration

(excellent)
10}
|
Level of 280"\l : 20wt %
L ERSEAN
. 8 A/’A A
o % Ay
®a
S E 61 Ni:O
2
> /
£ 2 4 s
£3 /
2 2k X
o+
(poor) ‘ | | ! L 1

0 5 10 15 20

:i'otcxl chromium coating weight
{mg /m?2)

Fig. 10. Effect of nickel diffusion treatment and
total chromium coating weight on dry-wet cyclic
corrosion resistance of lightly tin-coated steel.

50, BENBGITRTHTH%. £8 O & Cr Bk
B bES 7 r A — b RERTME X7 Ni JEELEREE
wX b LTS i3 BEREYRT. &8 Cr 2L
A REEE I Cr Bb4/Cr/Sn o & & s
n, &R Cr 2 fEEs7s Sn BLHENITEE Sn LE
BHEAT 5 OREERE BV IDEELLNS.
3.4 WEEM

PR S etk a R et Ni BB X o CHigk
DHY — FHBEAkELT5H5DT Sn OBHEMMLSC
EMTER. Linl, KRR X 5 BRI T OTHFE
T HHRRBEC R TIBENT /) — FEind. REF
DFARC IR 5 Ni JEEAEOEE Y RIRT.
Table 3 IwIEL L 3%NaCl 3§ hco Sn, @i
3 X0 Ni JEATE U RiR 0B R B AR L. BF
OMTORABRMIE Sn ©xf LT 135mV BThH D,
Sn LEBABMAMRTHET 7 — Ve O THRBEL &
s, Ni fhlcsEr ko @R oBAREMT Sn Kk
S, Sn LOEMEHN 10mV L/WNE L I TR O
BESEENNX Ins. Tihbb, Ni IEEBAEL KX
HCOMEEEIREL T B 2 L2 5. Fig. 10 ©
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0.2k N Nit O
g ° \
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€
o
& o002} O O
Ni : 20 wt%
1 1 1
0.01 5 3 3 3

Metallic chromium weight (mg/m?)

Fig. 11. Effects of nickel diffusion treatment and
metallic chromium coating weight on delamination
width of lacquer on lightly tin-coated steel after
undercutting corrosion test for 96h .

Table 4. Amount of dissolved Fe in transformed
UCC test.

Sample Dissolved Fe (ppm)
E 2.8 Tinplate 2.3
Ni-diffusion treated 2.6
LTS (Ni=20 wt%) :
Tin free steel 42.1

Ni $LEE Ui LTS R0 B LRBRERERL
fo. Ni BULER X 5 EESEEDREBEETHY,
Z7wmA— b EY Smg/m? I ECHIIE E 2.8 8 &
RO LT ET S & Lo,
3.5 EEEMRM

BEBHEMEOFEL LT UCC RE&» 172 k.

UCC RO BIEHMIECRET Ni IS0 L 7 n 2

— FEEFEE C 2084 Fig. 11 Rl

BHESDETEIZIr AN, bTSn 2377 - VEix
DTHEMBLUEETO Sn p3EK L CRED B TRIBE
55, NiEEMEE X% LTS i ATC fizvh
B LR UEHET Sn BEEE Mz bh, T
759 7AbRRIYERMTELRE Sn L EEBIREVESY
HLTHEELTWEDT Sn ABEMRLTLELBOHY
THREFNEEL TR BEHBE L W0 LE 2 bR
5. &8 Cr 2\M% 5 2 LI X o CRBLIEEE /DX
B0, &8 Cr I o TEMEENNR ELci®
LEZLRA.

Ft, FrANy VE= Y 7w TCEIHEL 70°C o
BET 20h RERLLEOIZr Al P M b OB H
Fe &% Table 4 it/R L. Ni #iBAE L7 LTS &
E28 Sy X LABEOBRHE Fe ETHD T 4 v 7Y —

»

O No blistering
A Light blistering
I 1x Heavy blistering o

M oo oo
T
(o]
o)

(mg/m?)

YA 1 !
OO 5 10 15

Total chromium coating weight

Metallic chromium coating weight

(mg/ m?)

Fig. 12. Effects of metallic chromium and total
chromium coating weight on blister formation of
lightly tin-~coated steel with nickel diffusion trea-
tment in de-aerated tomato juice at 55°C for
18 days.

AF— D L 5 Ie LB EC E gDl

HCABETIET 5 BECHESA T T2 TH 5 L REK
REMETT YV AZ —DRETHIENDD. 7Y AX
—Howo pH X 10 hkTtharo tnb, O, BED%
WEERAE L O BEOV WK EDHTOMERRE
WCHREIShS» Y — FRIGK X DTHE I D L
Erxbhb. FOTHTY Ax —REBEEYERL Ni Lk
ME LU LTS oMed .

Fig, 12 w7V A% —HAERCRIET7e 22— OFE
BRLI. 7V Az —-FEr4e Cr BoikEgEeT, &8
Cr Bk L 4B Cr &% Smg/m? Ll ECchhid 7
Y AR —RELLSBRDIENDND. BEFTH Y
— FRIEAEE 51D BEL R L7 H,O ngE
TC© H,0 BAHRTLZENLETH 5 2, &8 Cr
BHR LA > BEEE Ny EEes0THE Cr
N B L BETT HO BABRIhK kb &
Exbhb. T, HALYRRNTVEL 5B
Cr R AEBTRIGYIHT s8R kE <, C Bty
nBpEETREEN4HTs bR G & Cr L
W bieb 7 m 2 —EEETE Y - FRIGAET D
B HOTWHLDEEL RS,

BEEEYHREYET55E6, SERRELETECA
RYbOEHET I 7V BBBASB LT SnS AR LA
BTAHZENDD. ZORMCREI 7 v 2 - PREKEE
&E Sn 235 L, &8 Cr 8L 7 e 4 - PERAE
TR ILCE RN BB LK LUEE Sn Lz &R
BB LN EORFEIR TS,

Photo. 3 4B Sn BORs Ni KM B L 72
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(a) Tin layer 1s Hat and continuous.

(b) Tin layer is convex and discontinuous.

(c) There is no tinlayer. All tin are alloyed.
Photo. 3. Sulfide stain test results of lightly
tin—coated steel with nickel diffusion treatment.

LTS ofitfilt BERBRERELY R L. RAF £ TS5
mg/m* D& Cr 2635 7r 42— FRERZHBLT 5
H05, EHCHESEAEE Sn #ET5RA (a) iz
MCREXEL TS, 75, 72b%AVTELE Sn
ZIRE B IR RAA (D) TI124E Sn R (a) &
FAETHHIETRET Tl £, &8 Sn o
WEA () bBFETC T, BERTERD DI
75y 7 ARAVCTEE So MR o8 X @RI
MRIEBEHIC S BR T B & & 3o,

4.
Sh ZXOfMMRMERH EXesFlch ot Ni ks
Hyks LTS G L LTS 0Bl - Ak Bigd

Ni BB O EL BRI LItk & AROEENE B h
7z

il

(1) Ni BBy, Ve B CES% K
(Fe-Sn)Sn, H&EIHMR IR, s oMRERO » v —
FORIKE < 7e% O THRDTELY ATC {E, STC &
BELRA.

(2) V7e—FD735 ., 7 AG&ELTEEL RO
&R Sn R HBIeHEBLT A LI LD, BN
#%ic 0.1g/m? Ll L4 g Sn ABEL, TOEE
B EEREE B bR 5.

(3) Ni BB LMK ASEE P s\ T
Sn L DFRBMEIVPNIVOTELETIL .

(4) Ni g kv UCC BREHBEIEL /X
e h BEER AR B LT 55, &8 Cr & Cr Btsy
MhIgh 7w 2 — b R X5 BEERAEET—BR E
T5.

(3) & Sn MR/ SR A REIM LB Z
T BTN B.
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