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Behavior of Tin Electro-deposition and Spontaneous Tin Alloy
Formation on Nickel Flash-coated Steel Surface

Takao SA1TO, Kazuya EzURE, Tomohiko HAYASHI and Shigeo SAKATA

Synopsis :

The behavior of f~Sn electro—deposition and successive spontaneous Ni—Sn alloy formation on Ni flash--
coated steel surface were studied for the development of low tin plated steel sheet for the welded can pro-

duction. The results are as follows :

1) The crystal orientation of deposited f—Sn on Ni flash—coated steel surface shows a very strong preference

for f~Sn(200) plane.

2) The Ni-Sn alloy formation occurs spontaneouly at Sn/Fe interface during the electro—deposition.
After the deposition, the alloy formation proceeds during aging at room temperature and reaches a saturated

amount.

3) The chemical composition of the saturated Ni—Sn alloy shows the Sn/Ni mass ratio of 6.5.
4) From the stoichiometric examination and the crystallographic determination it is concluded that the
saturated Ni—-Sn alloy is composed of NigSn, NizSn, and amorphous f~Sn.
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Table 1. Chemical composition of base steel.
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Table 2. Conditions for flash coatings and Sn = ~ 'UQ‘: _Lg,o\i
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Treatment Bath composition Sola:é?éon Notes l ] T T )
©
Ni NiSQ, 6H,0: 200g/Z 50°C l :
H3;BOj: 40g// 5A/dm?
NiSO, 6H,0O: 200g/! 40130 35 40| 30 35 40| 30 35 40
Ni-Zn | ZnSO) 6H,0: 5~30g/1 g‘j;(; 4t 529503159:3 SO Bad AR 1 28 26
H,;BO; : 40g/! Without Ni 3 mg/m? 14 mg/m* 37 mg/m?
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| NiFe | Pesos 0! 19wz | 59T Fe conts
1- €. M ; . . .
£ ° | m,80, E 005 5A/dm? | =80 wt% Fig. 1. X-ray diffraction pattern of electro-
8 . deposite -Sn.
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) Ni-P H;3 POy . 15g/1 5A/dm? ~10 Wté
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Co CoS0, 7H,0: 300g/L 50°C 100 Ni-Fe Co
H3BO; : 60g/7 5A/dm? —~ ® ¥/ Ni
— <)
ZnSO, TH;0: 200g/i | 50C ) ——
Zn Na,SO,  : 100g/ | 5A/dm? ~ 80 a
. Sn# - 25g/1 40°C
Sn plating free acid : 10g/1 L2
additives : 8g% 15A/dm? 5 60 Ni annealed -
- = T
> &,/’
= o
2 40 b0
2
- e s y f=4
(211) mEE RS o (110) 15 & Eigh 258k 2 W T Z Zn
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o . = X i
Dltx ASTM 7 — FORERMEEHEL, EH f-Sn oL . , IR \ .
D5 BEC R DFEEE & L. 0 10 20 30 40 50
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5%NaOH g Rk 2 e L, MBEERE 25
mm, EEERE 0.2V 044 CRBEMCEILLZED S
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D RBIEE O XREFEREFE L R E S0 H
HE L. Fiogimt Lcwigadeo 1000k &
EEEC X 5 EEREFREITC X b BEKCHEZR L.

Flash coating amount  (mg/m?)

Fig. 2. Influence of flash coating amount on
electro-deposited B-Sn orientation.
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(Ni : 14 mg/m?)
Photo. 1. Electron micrographs and EDX analysis of spontaneous alloy formed at Sn/Fe interface.
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Fig. 3. Influence of Ni weight % in flash-coated
Ni-Zn alloy on electro-deposited f-Sn orientation.
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Fig. 4. Spontaneous alloy formation on Ni
flash-coated steel surface.
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(1) Ni 75, v.doxHOWBRES

Ni 75, V. OOXECEHDOIEHBLICEER
R Ni-Sn &0 Ih, ZoO&&ZAH TR
a4 L EE. DHSASOHRBTERBE K XX
Photo. 1 Rk X 5 C4PRIEWVHIGCAERETH 5 -
Ni 75, vo.00% @O WHRGEEEBHRICOWT
Ni HEBE L A4&tT5 Sn BOBREHANS L Fig. 4
RS X5 i CRIFIRBERBEREDHS. 2O Lt
75, Va0 L)EE L Ni 2ERBEATT
NRCELT Do L u2ERL TR, Fig. 4 DER O
B, DS E SO THARERDH T ENTES.
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Fig. 5. Spontaneous alloy formation on various
flash-coated steel surface.

EDX 7 (Energy Dispersive X-ray Analysis) FEER
B LHERTE . Photo. 1 i EDX #4573,
7c#2 L, Photo. 1 iR bh s Fe i3, W& St
BLTDavx 35V b Th5D.

(2) Ni RBE75, Y. D 0XHOWHES
Ni RE£7 5y v DO XHOUHHE Lo
WU L ek R % Fig. 5 iR, Ni-P (10%) &4
OEEFIIKREHENT Ni 75, v »o% LRLDR)
e MR RS bR E. —J, Fe-Ni (20%) &4
FIO Ni(15%)~Zn H&TRIIBEE L LCEEX
N5 Sn BIXkOBO—EDOMECEHFM L. 7, Ni
77y ¥ad0&HK 700°C, 30s BEM L -SRI ER <1
Ni 582 50 mg/m? BEIW 725 L WIS ESDER
AR RS b,

(3) Co, Zn Bk7 5, v . »OXEOWHEES
Fig. 5 TR X 512 Sn L &BREL&E oL 5 Co
D77y YaDOEEMTIEFRLI L 5 CWHIBEEMN
B gh, o Co AEROHMCHEVEEINS Sn
BIXEROCHEM L. —F, Zn oS4 00844
IR E i,

4. #E =

4.1 FBHESDHE

KokoriIN[3 &8 Ni lRICBEZED OX 2 L CAR
T 5 BEMEEWIT NigSny 3% O NigSn, & L T \»
5. Ni 75, v, d02%EH> X LMK 0%
4, Morivama®iZ NigSn, 35 X% NiSn 23 4 #H X
NBHELTWS. 3-2 Fic/R U TG E& &0 FEHE R
LI boWMELIIKRERRD DY, FORBIS
WCERERIRRET L 7.

Ni 735y v oXBlHD > LRBOBiSEE
O XFREHTEE Fig. 6 WRd X 5 R FHEBER 4 28
3.13A, 2,954, 2.89A ofECERHMST SR, Ni 4
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Fig. 6. X-ray diffraction pattern of spontaneous
alloy on detinned surface.

a) % ® b)
71 i
l MNKM\,*)N_

30 35 40 30 35 40

20 20
Observed Dhase"Experimental Observed phase|Experimental
Sn wi.%] N wt% | formula Sn wt% [Ni wt.% | formula
433 | 567 | Nisn 402 | 598 | NoSn
558 | 442 | NiSm 180 | 820 | NiSn

a) Sn 50 : Ni 50 wt.% b) Sn 30 : Ni 70 wt.%

Fig. 7. Results of EPMA analysis and X-ray
diffraction of Ni-Sn alloy prepared by hot melt
method.

EEORIMCTHECEITHE b ¥ % o THsEa &0
BHFER TH 5. TPHHELOEFEITIEINCED bhik
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Fig. 7 i TREH» b BRI HEEESE 4=3.13A iz
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Photo. 2 Transmitted electron diffraction pattern of
spontaneous alloy extracted from steel substrate.

Electron diffraction pattern

Flash Ni flash Ni-P flash Ni-Fe flash Ni-Zn flash
coat Smg,/ m 9 mg, i as Nil15mg,/ nias Ni|20meg,ri as Ni

Photo. 3. Transmitted electron diffraction pattern

of spontaneous alloy formed at Sn/Fe interface

with various Ni alloy flash-coated substrate.
NigSn, 23053 %. Rauwrs¥ 235 % % NigSn o BRFE
ks L O HanseN1O 2R &b NigSn, DFEEH» S
BFHERERES kD5 & d=3.13A 12 NigSn (101) i@
wrEL, d=2.95A 3 NiySn,(saturated with Ni),
%7 d=2.89A 11 Ni,Sn,(saturated with Sn) DO\ 3
hd (101) B L T 5. o TXREH cR IS
ARG ELE DT Wb hexagonal 7 NigSn,
NigSn, THb, (101) HH WHEKRE FTER LT
Wh. A

Photo. 2 iR 3 #IHigE& & 1000kV 55 fFEESE
BT & % ZAETREPRR2H3 NigSn & L O
NigSn, IRET % B sEiR s R cE 5. BreX
EHTCLL B-Sn DEIFHEIXED bhic\ 23, FHEET

EIFTCLE B-Sn OEIFHRICHY T % (L& A% diffuse L
TWBZ EDbrot. OB N ZEE o Fic
Sn Z2HEE LB ECIRARCED bhby, kifich
NHEH HIEMERE B-Sn BEET B EE 2 .

Ni RBE75 v O 0XHEOWIHEEEDOEEE
THREFFEEREEL Photo. 3 it XEEIHTHKEL A
¥, BEHFRIE NI 75, v o 0 XEOFMRESDE
e E—%L, WGEEOHIRA—THB. L,
NigSn & NiySn, 0FEHITREC LY B 5 X 5Th
5.

42 FHBESOER

XHRE B L OFEREFREINIC X b g T X 79
$BAESOMIE NigSn 3 X0 NigSn, TH5B. L,
32HCRLIE NI 75y Yo dOEHEDOMBEED
SEHEMEBE NI Sn JFBFHCH 15 3 © NiSng /5%
EBRATORIN, LEEROCE X 50884 L08R
RS RFRNCIRE Sh IR G &0 M I v & Sn X8
FOREZH B -

NigSn, X b Sn BRESEBREILEHOHFEITRE X
NTWIWDT, NigdSn 8 X NigSn, IS vl 7
) —D&E Sn OFELRE 2\ LALEERNMA &
Bl L fEM¥MNLMREBET5 btk
o7 Y —0&R Sn X XREYLEFREIT CHEC
TR T & AW RS 5\ TR EIRETH B
E2p%. Photo. 2 RIRL-WMHES O BBEFH
BT R CIL B-Sn (I AHY 3 % @R A diffuse LTk
D, IEREAT B-Sn DEEEIKIGT 5 &M S hie.

Pl bD o &b baiigha &3 NigSn, NigSn, o 3
CIERERIE B-Sn LB IN D LHHETTE 5.
KokoriN?|1 48 Ni fRICELKEFD o % 0.5~0.8 ym
(3.6~5.8g/m?) ffiLictic HCl dhcEMRBESEL, »
— RV EERB{Lt:o HCIO, B 1h B L
ERL Lichhil v 7' ) o O B FREHTRE R b RECE K
Ehs&ERLEWO ML NigSn, & NigSn, ThH 3 &
MEL TS, AROFBERERLDN, ZOBHIIKD
Xo5HEREINS.

ABOKRER LIS &L 0 81t NaOH ERH
& HCl BMBHE TEMNERRL, FHETH
B-Sn L XN 5BEDO Sn IHSHERTRKE TH
%. KokorIN DEEROEGI S EEBGHECITBE D
Sn I L TWBE TH B A, KokorIN ORECIXE
FE XNtz Sn & Ni pEgc oW TEERRIRF T
bhTuhiz. Fie, sl v 7y »EBRICE L CE bk
o HCOIO, BRI RIEFIRE L T\ 5 1c®, FERECE
VW B-Sn HIAERERE XN AW S B, E T, Koko-

— 289 —



1178 g & o

# 72 4 (1986) %8 &

l |

thr | 3hr 4hr 72hr

Vi
B 5= mis s

—
o
b ]

1
|

i
3

Mass ratio of Sn/Ni
|
\j
- \
: o \o'y
|

0 17 10 S;

Storage time (min)

Fig. 8. Increase with storage time after electro-
deposition of the Sn/Ni ratio of spontaneous alloy.

RIN X BFREIFTO LI KL T\ 525,  (NigSn,+
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PR e d=3.13A L 2.95 :sr 0t 2.89A o
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P X 0 MR LT\ 5. 7nks, d=3.13A omEiE
3 NigSn 245830 % @476 5 5 7%, Kokorin pyik
HTE 7o DB EEES Tl
43 LBRRELToOVHBEES

KokoriN"i2 &8 Ni ICERSH D0 X & L -H
RECHEK S5 SBREILEW DR E % BRI g2
L, BEEFCHREL, RREFENTHEMLL W &
ALl ABOBH, NI 75, v O EXHICHEHD
DERHE LI OWIR & S&ORE R FRTIFICHE L
fefiRE Fig. 8 wWRdn, BPOOEKRTHETTT
RIS ST S Tk h B X b 340 L C A3
Lic. EQEEICHEE CHBMAE CIr#gn o %
MTH 1~3h cfFIL, 0% 61 HERCERLT
HAALLERD Hhis\. FIERE S oML Sn/Ni B
B CHGDOXEED 3.4 2 L8MED 6.5 i
L7chs, Zhudk NiosSn BFHT, f283 05641
RSCHMLIcS &ieh, HHPDOXKTHRE T T
Z So@BE L oTnSE. oz LSS SR
B-Sn BHRIC T TR/ ) DESTHEITLTWHZ &
XERL TS, Z0X5K, WHBALHEE Sn/
Ni ik & % 2 1ohg, BT E LT TlL.
In ® T1, Pb % Sn /¢ & s, Vs B&BFHOREH
BB L CRRESBEO BCE L 103~105 £33
I T 5B TWMMREF2 By, BEILE (Fast Dif-
fusion) » LTHIBR TS, B 1 X hid Rty

= o~
- (=4 o= > cc
o =
0o-222 O 008 2 BB &
I o« b S s
|22 2 | % S22 g |
—~ T~ i,\. F AT 3 i
Sl 8 P ¥ 2Nl B
S £ |S i g i é
© ' o
.50 — 50 °
=5 | 290 |
o | ) =
2 | 2
o F =]
3 | 31
0 ! 0

0 Distance —
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Fig. 9. Schematic distribution of solute Ni in
spontaneous alloy at Sn/Fe interface.

IBFEB I EBTMORE T ORTLEI P I v Y, %
AWM T D PO ADEBEINSVEEARE . 5
EILBR T (very fast diffusers) & LT Pb dcix
Cu, Ag, Au 7t X I #K&E, Is Ko Zn, BERES
BoOFsDL Pt, Pd ig L0 EEER L0 Ni, Co 3,
¥72 Sn ek Cu, Ag, Au, Zn 2%$RE XT3,
ChZ LhiX Pb o ERIKEET & Sn & o Bk
BEFELIFEBL TR, 20 HANENORTH I I B
RETXZhBDEBED Sn hoEEEL Pb & & [H
BET /I,

Pb il Sn tho Bk BRS O ELM: K X OWHIS
BEORELVEBD CEROI AR END, Ni 75, v,
DO EEDORIBE LIS BRML SR 28 > &
RIEHBS L E2 bR 5. Ni LEFEEOE Co 3
Pb b EEIEBREF TH Y, 22 Co-Sn R CiLIREB
R 5By Sn iz A FEBET 2 S BE LS
WaHETH. 2T Co75 .,y vadoEHICHEED
DFRHE L CHHALIHR IND LifEE I,
COHERICHES RBRAERIL Fig. 5 WRT DL TH
DTN 75, va DOXH &L RABEOHHS &SI
BEhs.

EIH So D IKEE BN I REERBH AL ETH B0
SREIEEHHREHS Ni oli#kadE2 222101
VS EEOWRET LR BERTES. NI 75, v
2 BOEEDOBHE, BELIKED Ni 1z Sn/Ni xbc
Ni oW ToORBIEE UCEE+ 5. BEEHIE
B7e v P ERLEET SR Ni JHo Nijgg
ETRECIE 7 » v F ORI ER 7, NI JE
REIMD Ni BEINRE L SBREILSWREBICE LR
KCHIEXIE Y. —7, KokoriN 5B Sn/Ni %t
DEBIKECE FARITL, F 07 EBREFH N TR EE
IECE LDk, R\ TREER X b ffnd
PHBII 0I5 Ex b encE, REC BT
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Fig. 10. Minimum variance of atomic
distance for epitaxial fitting between

—(200)

—(211)
—(220)
—(222)

—(110)
]

with standard specimen

O—=NWNNUOY®OZ
L] L Ld

X-ray intensity ratio

Al-K. Capped

Fig. 11. Orientation of base steel compared with
randam oriented specimen.

Ni o/yflE Fig. 9 o ZEKHEEIRS.

Fe-Ni A& Ni-Zn {407 5, v o DO XE Tk
EBEAED Ni BENBFIEGESD Ni EHL UCER
L7 e v FBEL Ni 75, v doXEER
Bl e &R Thhs. Lvl, BEEEDR
EEELER Tl fod, Ni B0 BT WBEES
LD Ni REZBEHE LT » v ORiIETELLT
. f£2T Fig. 5 @iRLEX SR04 75
Va2 OODZHETOPGHESHBRIMNBERC L BT —E
Cinh. T, Fmekids Ni ofyfisd Fig, 9 i
FHNTR LT,

Ni-P (10%) &&oBA fiHENBESLTw 5.
WEER D HHTHI ML Ni 3 X of NigP o BN A AR
Ehah, NI IO NijPy LS HEDLHB. D
T Ni HOEEMEL ke, NI 75, v,  HOoXHEE
B UEB & oot
4-4 B B-Sm DT ERIL—

2 DEBBHCEL T x 7 v —DFENHE X

B-Sn and a-Fe or Ni.

NTWBDTIDEEOWTHRE YN a-Fe BX
0" Ni oF-%H & -Sn (200) Fgs Lot B-Sn (101)
& DOEGEFREYAB L Fig. 10 o2 ks. =
72U Fig. 10 TR TEELIBACKT & #
FORDEODEFHEMN RN I BRI RD,
R HERED BB CERABMREY R L. —7,
R oOEBO L5 Fig. 11 0= s Thp,
Fig. 10 t3ld% & Lic X v SRR E B o X %
L i-Ee B-Sn (101) EC@EER RS 5 & & H MR
TE%. SEERTHAV Evans'® o#iECcd  a-Fe
(100) Wiy B-Sn (100) W23, a-Fe (110) & it
B-Sn (110) A EE LIETFORARIMR L WD CRIFT
B5. O TMRCEEESHD OX LB LIz XDOEN
B-Sn DFESE NI T OEEMNEN L TX 3.

Lol, Ni 75, v 2%HEHPEE Ni REEO
EHT A-Sn OF AN FEM E O TERAML DI T
7\ Ni &2 3mg/m? OBFEIR HEH B-Sn
DABIRANEEARD b LBITHER L Ni o
ERILEC X ) WS & B ET 5. f6oTHI
GBS RN UCEN B-Sn OFEREANEE S L E
ZBHNETHSH 5. Eio, p-Snho gk Cliik A
DUBEEI VB A X VWV L L EET L REND 5.
BRSY 0Bkl FeSn, 548, 548 L B-
Sn BoMc = x 7 v VicBIRA D B L3 A
by, SEROBETHS.

5. # B

Ni %75y vad2&%HLcMiERO A-Sn B
Wi X O & MBSV CRH LU FoikHha i
7.

— 291 —




1180 % : M

% 72 4 (1986) & 8=

(1) Ni, Ni RAEL7 5 » v . DDFR L b EW B-
Sn DEEREMAZELL, f-Sn (200) FEAEE I FIT
CEBERRAT 5.

(2) Ni, Ni REEL7 5y ¥ 2D DOEETE B-Sn
BRSBTS T L, B TRERMO
A fafid 5.

(3) WHighE&41r hexagonal NigSn, hexagonal
NigSn, DEHMICIELECFEL B-Sn 2 BB Y 10 & ¥
Brahs.

(4) DB E LTI So/Ni wcoLBRILEY
AR>S Ni OEliksE% (Fast Diffusion) 1
ST ERBELL.

(5) Ni 75, v O&EDEN B-Sn OFLFNL
Ni toBFoBRAMTIREBTE V. WHHSHALE
MEALTEE B EHE L.

X [73
1) milifg—, AR, #E—, & Ek: &
48, 69 (1983), S 1233 |

2) WM, [LEMR, WHKHE, Kk 2B gk
4B, 70 (1984), S327, S328

3)
4)
5)
6)
7)
8)

9)
10)

11)
12)

13)

14)

FHXH, E LK, BL F, FHER: g
$®, 70 (1984), S323

BoEE, KEFE, Kn&ll, KARAL, U
ORE—, BRE®—: #L8, 70 (1984), S325
SR, FIBRME, BoET, WALFE, W
MEER: 2% 48, 69 (1983), S1231, S1232
HH —, PAKRKE, B K, THESE: &
L&, 71 (1985), A85

G. A. Kokorin: Elektrokhmiya, 18 (1982) 3,
p. 349

H. Morivama, N. Summizu, 7. FujiMoro and
Y. Nomura: Proc. 3rd International Tinplate
Conference (1984), p. 214 [International Tin
Research Institute]

P. Rauvrrs: Metallwirtschaft, 14 (1937) 15,
p. 343

M. Hansen: Constitution of Binary Alloys
(1958), p. 1044 [McGraw-Hill]

IR BASRESSW, 22 (1983), p.480
HAAZ, BY £, BH A4, K Bk &R
KW 4, 28 (1977), p. 12

D. J. Evans: Trans. Inst. Metal Finishing, 29
(1952), p. 355

G. A. KokoriN and A. I. Vitkin: Sh, Tr.
Tsentr. Nauchn. Issled Inst. Chernoi Met.
(1962) 28, p. 190

— 292 —

W

i

!
|




