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Coverage and Microstructure of Fe-Sn Alloy Layer on
Tinplate Formed at High Temperature Region
Yoshinori YOMURA, Hiroshi KAGECHIKA and Tomihiro HARA
Synopsis :

The morphology of Fe-Sn alloy layer on tinplate formed at temperature between 237 and 700°C was
investigated. The alloy formation was carried out by the use of an infrared heating furnace which was
capable of varing alloying temperature and its heating rate.

The alloy layer formed between 400 and 550°C had granular structure and improved degree of coverage
on steel surface which was remarkably different from usual alloy layer formed at normal reflowing condition
(pillar structure). The morphology of alloys did not change even if the heating rate varied. It was found
that the crystal structure of alloys on fully—alloyed tinplates produced during heat-treatment whose alloying
temperature varied from 400 to 700°C changed in the order FeSn,—>FeSn—Fe;Sn,—Fe;SnC with
increasing alloying temperature. The degree of coverage of the alloy layer improved as alloying
temperature was elevated.
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0.1~0.2 ym(Ra) TH b, WP ML HRE, C:0.02
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a b

a : Heating and water quench process
b : Heating and cooling process in non-oxidizing atmosphere
1 : Specimen (unmelted tinplate), 2: Thermo-couple,
3 : Water bath, 4 : Infrared furnace, 5 : Gas outlet,
6 : Gas inlet, 7: Air cylinder
Fig. 1. Shematic illustrations of infrared heating
furnaces.

= eb

Kawasaki-ku Kawasaki 210)

A1 60 42 10 § 15 A4+ (Received Oct. 15, 1985)
* g% () R BE% P (Technical Research Center, Nippon Kokan K. K., 1-1 Minamiwatarida~cho

— 269 —




1158 % & W

% 72 4 (1986) % 8 =

Tal
a Ta * 237~544°C
4 To ¢ R.T.
§ Ta=To/tr:
30,92°C /s
To F
bt —3
Time
75%N2-25%H, gas atmosphere
Tat+
b .
& Ta ¢ 400-700C
E To : R.T.
= ty ¢ 0-10min
To Ta-To/tr ¢
L N ! const.
= tr =¥~ ty (30'0/5)

Time

a : Heating and water quench process
d : Heating and cooling process in non-oxidizing
atmosphere (fuily-alloying process)

Fig. 2. Alloying processes.
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X515,
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400°C TH B LAED BRI, Thbid, BBER LAY
HELICASBREMERER L ) SEBEXEL0TH
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EEAS 92°C/s o 384, 280~320°C o HEEHR T 1.5g/
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P-4
~&— 30°C/sec
~O— 92°C/sec
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200 300 400 500 600

Peak temp. Ta (*C)

Tin coating weight : 5.9 g/m?
Fig. 3. Alloy layer growth curves for each of the
heating rates. Microstructures of the alloys a~e,
f~d are shown in Photo. 1, Photo. 2 respectively.

Peak temperatures
and alloyed tin
weights 2
a:3l7°C,l.lg/m2
b:365°C,1l.4g/m
c:400°C,1.6g/m2
d:445°C,l.Bg/m2
e:490°C,2.1g/m

Photo. 1. Microstructures of alloy layers on tinplates formed at the heating rate of 92°C/s.
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Peak temperatures
and alloyed tin
weights

£:279°C, 1.0g/m’
g:330°C, l.Gg/m2
h:378°C, l.9g/m2
i:428°C, 2.2g/m2
j:478°C, 2.8g/m

Photo. 2. Microstructures of alloy layers on tinplates formed at the heating rate of 30°C/s.

m2-s “THOFDIEK L, 320~360°C Tix 0.6 g/m2:s,
360~400°C ¢ 0.4 g/m2.s ‘T DOf:.
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DD, Fig. 3 o (a)~(e) & HET 2 A HERA
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bz, (d)~() TTHEIhS X3, Ta i 440°C
e h b 490°C i TRER A& ORLRIE2 BHEC R
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GEBIEENBO AT EARVWHE IR, (430
~490°C D &S HEFIHEIEE : 0.6 g/m?s) T4 H
490°C Ll ETik, S&BEOHMINT ITEEIET 5 L3k
z, WREZEL KT Lic. Zhix, BSLRIEN, 4R
LcRRE R X0+ bhickRThy, K
RESB Iy, @FHIES CEECHEEIRICD
LHEEIhS. .

Ty 7% 400°CIL) Biein s & RREEBAER IR S
BHEux, RELEAEED 30°C/s DA I T HEE
Xhiz. Photo. 2 ()~ (j) 1%, kDk®» Fig. 3 dhop
)~ e s aLBEETHB. Ta O LR
5 E&OWEOEI, 92°Cls DBAEL RAFETHY,
WRAESBZ, BRELFEREIREWVEED AL

BETHELRLZ LAP LIS,

iR (T4>500°C) THAER L A-BRE 4B, —EhH
FeSn ¢chyn, BELSY EE4L&E FeSn ZHHIh:
W) EHET S & EAXREITEC XY RV SR,
496°C ) ¢ FeSn 23 AL A = L3, TRV
REROLLLFHING. T LAEEBOAE, HiLkE

Table 1. Morphology and Crystal structure

of alloys.
30°C/s
T4 (°C) 237 | 2794J7330 378 428 4784] 528
Morphology Pillar Pillar/Granular | G o0 itar
mixture
Crystal FeSn
structure FeSn, *FeSrzl
92°C/s
T4 (C) 269 l 317 ] 365 400 | 445 »4904] 544
Morphology Pillar Pillar/Granular Granular
mixture
Crystal FeSn
structure FeSn, +FeSn

Tin coatig weight : 5.9 g/m?

Hie oyt Table 1 @iz# L 7-.

HRGEO BWine ffuE&Eo giEES M ELT,
ATC fER{EL 7% 2 &%, —RCHDRT VL5,
Fig. 4 3R LEERE 30, 92°C/s THR L &4E
D ATC EXRIE L EREThHS. RLESLHETH
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o151 4

heating rate
AAA 30°C/sec
o O0® 92°C/sec

shape of alloy

| ' AOQ piliar

010 AO® pillar/granular
mixture

A® granular

\O .
005 4
\2’%\
O\d‘§
:\\\
o 10 20 a0
Alloyed tin weight (3/m?)

ATC (pA/cm?)

Fig. 4. ATGC values of alloy layers formed
at the heating rates of 30, 92°C/s.
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500°C L LD & &(LREC FeSn KT % 2 &2,
Y7 e —EBRC X YLD bR, X LIRER TER
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DEXEDE (/) —AAL) TR

Fig. 5 1%, #&HTHERL-ESBOXKEIHRF +
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Bl tg &, ERLE A&BOKREBEOBRY Fig. 6
R L. G&RBoMAEESR, AS&tBED LRCH
\», FeSn, (Tetragonal) >FeSn (Hexagonal)—>Fe;Sn,
(Hexagonal) }, ko HERNEL b HHTELLI:.
- %¢-, FeSn #4@%EM% Photo. 3 (¢) KRLL. &
&HhOHERFA—THOTH, b)) TRLLIVERT
4R Lic FeSn, B3 AN Rics 2 & @BDbR
2. ThbDEE&RBIE, KEDLY B2 AT T —KIC X
LA LE-RBER AR LcEEBCHEY L T
BrELBRhAB. %f, 700°C, Imin [ Eo&&bE
#:cix FesSnC (Cubic) DAERKARE S hic.

Fig. 7 1%, T 7% 450~700°C, tg 7 30s OF&HT
AR LIAEBC oW TS EEENE 2T O//RER

1]
3-26&5“2

Intensity
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3
3

sl \
2.65FeSn L_
€ 2.56FeSn;
b 2
Cm

o
3.20FeSn

1.70FeSn

Intensity

L= 2,03&-Fe

Intensity
2.67FesSn,
s—— 2.,03d-Fe

L

H
(=]
[
o
-]
ot
-
o

30

2.73FesSnC

2.23FesSnC
2.03d-Fe

1.93FesSnC

Intensity

L
I

L . 1

8
8
8
gl
3

20 (degree)

Alloying temperatures and holding times

a :400°C, 30s b :550°C, 30s c :700°C, 30s

d : 700°C, 10 min
Fig. 5. X-ray diffraction patterns of alloys
formed under various alloying conditions.
See Fig. 2 (b),

l T 1 1 T T T T T 1 } T
Fe;SnC a N
L a \
-~ 700 4 Fe;Sn,+Fe;SnC
8 A Fe,Sn,
4 600 o000 FeSn+FeaSn, A
E
2 °
o FeSn
£ 500 N\ o 4
>
2 o
< FeSn,+FeSn
400} e @ &9 2 i T
FeSn,
1 2 1 | FE | 1 ) 1 [
o 5 10

Holding time (min)

Tin coating weight : 0.38 g/m?
Fig. 6. Crystal structures of alloys formed under
various alloying conditions. See Fig. 2 (b).

ThH. RRETHICR W THOBHENERD TA7h
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LHLEBOBERORBEYEL 530 EELLRD.
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Alloying temperatures and holding times.

b :400°C, 30s c :550°C, 30s Alloyed tin weights and crystal structures.

2 :0.66g/m?, FeSn, b :0.38g/m?, FeSnz c :0.38g/m2, FeSn
Photo. 3. Microstructure of alloy layer on tinplate E 2.8(a) and microstructures of surfaces on fully
alloyed tinplates(b), (c) produced under different alloying conditions.

Iron pick-up through Alloy layer
in the solution containing Citric
acid,Malic acid and Saccharose
Oz free ,h 38°C, 20hours

Iron pick-up value (mg/cm?)

450 500 550 600 650 700
Alloying temp. ('C), 30sec

Fig. 7. Effect of alloying tenperature on iron
pick-up value through alloy layer,

L2 T bORERBREND, SE&tREOE &
SR EHBBEIPEBN AL HEINL. b
i+, FeSn §&BOERTHRED ETELLALTS
ZERRVWHE R

%7, Fig. 8 BESBE-M» . 7Y v I/RBOKET
H5. ALLBEEOBVEEBIRE, Mo, 7Y v

Z7BININE LT, BBREOBVCAEBTHD Z LN

OGRS B BYRTE .

L EDERN L, A&BOHBEEIIBCASBEOH
MEXOTHEBINDET TR, G2BOBERL
(BHVEL) WX oTh RESHETELAEEN S5
= E b0t -

3.3 EREEY ,

B & CIRB B OREDRICESE, H&HMH

& L Co BRI %1727,

T Ll i 1 T 1
60+ E
a
50 -
~
E
& 40
~N
3
ES
: 30 ¢ -
] d
3 20 e
Alloy- steel couple
in the solution containing A,
101 Gitric acid and saccharose N
O free, 38°C
[s) 1 ] 1 1 1 1
o] 1 2 3 4 5

Immersion time (hr)

a : Alloy on tinplate E 2.8, FeSny
b : 450°C, 30s, FeSnz+FeSn
c : 600°C, 30s, FeSn d :700°C, 30s, Fe3Sn;

Fig. 8. Current of alloy-steel couples.

RN E LTHW ORS8O0 MiRL, EHoX
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boZ ERTFHEINRS., EDH0oXDEAE, R0 Lk
h ATCECTRBRY, 7= vBBEoRAYCT5
MERMEIRFLLDZEIELMNTHY, YV 7r -0l
EEAZIVEI LT, dhWELBE CHEBEEOENR
BB EL EARETHLE VD, —TF, B
DEBERFEAOF AT WL, BEESTAY, BH
WEME, BIOEEHy 7 LEBOSBEHERNEY HHF
i L7z

WE 0.22mm o BIERIRKIC 7 = = 2 % VIE THY
0.47g/m? »o% L, BLHEMSH T 610°C, 30s ©
FEEERGTHEEL TXTASLE. FOBRHBRR
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a : Tinplate E 2.8
- b : Fully alloyed tinplate produced by alloying at 610°C
c : ECCS

Photo. 4. Appearances of specimens after under cutting corrosion test.

Black plate

ECCS }- ° 1
Fully-alloyed tinplate |
EQ47, alloyed at 610C
Fully-alloyed tinplate | |
E0.55,alloyed at refow| ® L o
Tinplate melted
El1

Tinplate unmelted |g
E11
Tinplate melted »
E2.8

with retort process

(N

Lacquer : Epoxy phenol type

without retort process

0 2 a4 6 O 2
T- Peel strength (kg/5mm)

1.0% D&GCTHREEEY Lz, 7o 2 — N ERTE
FILE R TR, XBEHTE L B\ TA LB KRS
2 FeSn ChHBHZ xR LE. T, A3 L
#) : ,

Photo. 4 1%, 7v & —n o7 ,; v/ BARBKTHE
DEFMTHB. (a) ILBED E2.8 &£p %, (b) i3
ARBM, (c) 2 @AED ECCS (Electrolytic Chro-
mium/Chromium Oxide Coated Steel=TFS-CT)
»HbH. ARBMOLEEARIE L ECCS LR%ETHD,
E2.8 &b & X Wrok. i, BAEBEII,
ECCS Xk vi&<, E2.8 &0 X X v BErol.

Fig. 9 BBRHEEEY T © - VRRIC T BN 58
THL. ARBRM OBKEEE ECCS wk\TRIF
ThHhot. '

Ry 7ABERY Fig. 10 iU, £ARBH
OFFLER, E2.8 o X XvHrion, HEHL
LTHVIEEEY 7r —RECHLEEASILIR G

6 Fig. 9. Lacquer adhesion of fully alloyed
tinplates, tinplates, ECCS, and black
plate.

T T v 3
orange drink
< 1o} ° 4
<< 38°C, 90doays
o
£ o)
~ ° o
s o ]
g 8 8 8
o
a
3 o]
T B '
a o o]
-3
Elog
o I 2 [ 1
Tinplate Tinplate Tinplate Fully-afloyed Fully-alloyed
melted meft)ed unmelted tinplate tinplate
E28 E1.1 E11 EO0.47 EO.55
alloyed at alloyed at
610°C refiow

Fig. 10. Result of pack test.

ERGBDOXBOMEDHOX LD ¥ (ATP=Alloyed Tin
Plate9) kb {@h, SDOXENW2FEOIEDHX

— 275 —



1164 % L @

g 72 4 (1986) % 8%

S ELFER%TH Ok,

L ko s BRanRBg R, SR cAER TS Fe-Sn
HLBD, HEESERTWHZEERLTED, i
HFDOOEHLVIRED DX THOBEE T, &
MBI E L ToBEPEEL D0 LEEXLLNRS.

4. & =

A EDFIHEIBEE AR BIcBIT 5 E
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