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Application of Polyester Film Laminated Steel Sheet to DWI Can

Shinichi Tava, Masahiro Ka1, Junichi TaNABE, Hiroshi Doi, Etsuro Tsutsumi, Norihito Saiki and Hidekazu ToMARU

Synopsis : Beverage cans are mainly produced through the drawing and wall ironing (DWI) process. After
DWI forming, the cans are generally washed and applied with paint-coatings.

In recent years, ecological concerns have been increasing all over the world. Therefore, one

subject for steel and can makers is to avoid using the substances in achieving reasonable cost-

performance. In this respect, we have tried to apply polyester film laminated steel sheets to the

conventional DWI process.

In this study, we focused on the influence of material properties, the strength of substrate and
film adhesion strength and film thickness, on PET-Hair (Filamentous trash of laminated polyester)
of DWI can using polyester film laminated steel sheets.

Keywords : beverage can, ironing, laminated steel, environment, ecology
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Table 1 The specification of testing materials
Material Chemical composition/wt% Specification of the substrate
Yield Strength  Tensile Strength  Thickness
C Mn P S Nb Temper MPa MPa Jnm
Steel T-1CA 247 351
0.001 0.170 0.013 0.009 0.025 DR3 309 352 0.225
DRS 388 401
Aluminum S§i Fe Cu Mn Me Zn Temper Yield Strength ~ Tensile Strength  Thickness
(A3004) /MPa /MPa /mm
0.30 0.40 0.21 1.00 1.00 0.22 HI19 279 309 0.280
Table2 The specification of surface treatment
Substrate
Sample No. Material Temper : Surface treatment (both side) :
Primary coating Secondary coating
T1 TFS T-1CA
T2 ( Electro DR3  Metal chromium 120mg/m® Chromium oxide 15
T3 chromium DRS5 Cr® (Cr™) mg/m*
T4 coating)  T-1CA 420mg/m’
St . 0.12g/m2 Chromium ox.ide/ 8/7
Tin Plate T-1CA Sn Metal chromium 5
s2 4.00g/m’ (™ cr) mg/m
NS1 Ni-Sn 0.56g/m”
NS2 plating T-1CA (Ni+Sn) L68g[m2 No passivation
NS3 sheet 5.00g/m?
A Aluminum H19 chromium - phosphate chemical treatment
Metal chromium , Chromium oxide ,
CL-S Steel sheet ~ T-1CA o 120mg/m ox 15 mg/m”
( Steel base Cr Cr
CLAD material )  Alminum foil (e} phenol - zirconium chemical treatment
CL-A Alminum sheet H19 chromium - phosphate chemical treatment
( Aluminum l?ase . Metal chromium . Chromium oxide N
CLAD material ) Iron foil 120mg/m” 15 mg/m

Cr° Cr™
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Fig. 1(a) The coating composition of TFS
(Tin Free Steel, ECCS)
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Coating
composition Steel sheet
Sample S1 Sample S2
Chromium oxide /
Metal chromium 8/7 8/7
™ cr®)/ mg/m’
0.12 4.00

Fig. 1(b) The coating composition of Tin Plate

Cross section

Chromium Oxide

Alloy
Coating Ni=Sn
composition Steel sheet composition
Sample NS1{Sample NS2{Sample NS3
Ni-Sn Alloy
(Ni+ Sn) [y 036 1.68 500 %% g

Metal Chromium

Steel sheet (0.225t)

crOX

l/Aluminum sheet (0.280t)

L__Iron foil (0,025t) |

chromium = phosphate
Kchemical treatment

or*

Sample CL-S (Steel Base)

Sample CL-A (Aluminum Base)
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Fig. 1(c) The coating composition of Ni-Sn
alloy coating steel

o
Cr~ /, mg/m’

120 120

Fig. 1(d) The cross section composition of sheet-foil clad materials
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Table3 The condition of the drawing process (Cupping)

Punch diameter /mm 91.0
Drawing ratio 1.54
Blank holder force /kN 25
Drawing speed /spm 60
Drawing temperature /°C RT
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Table4 The condition of the redraw & wall
ironing process (Body Maker)

Punch diameter /mm 66
Punch 55
Tool temperature/’C Redraw 30
Ironing die 40
Speed /spm 100 (single shot)
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Reduction ratio of the can top edge =10%

Reduction ratio of the can top edge =15%

Sample T1
(substrate =Steel : T-1)

/Can top edge Ginside)
Fir == e e R A J|||-.-'|-'I|"""
iy

Sample T2
(substrate =Steel :DR3)

Sample T3
(substrate =Steel :DRS5)

Sample A
(substrate =A3004 :H19)

Fig. 3 SEM micrograph of the surface of can top edge (inside)

Table5 Mechanical properties of the materials after each process

Laminated sheet Cup wall Redraw can wall DWI can wall™
Sample No. Material ~ Tempar Yield  Tensile  Yield Tensile  Yield Tensile  Yield  Tensile
Strength ~ Strength  Strength  Strength ~ Strength ~ Strength  Strength ~ Strength

/MPa /MPa /MPa /MPa /MPa /MPa /MPa /MPa

T1 T-1CA 247 351 394 427 460 475 619 648

T2 TFS DR3 315 349 427 453 504 518 666 687

T3 DRS5 400 413 437 475 499 513 652 672

A A3004 H19 220 255 217 284 282 293 292 313

T1 Inside film - - 36 48 - 63 - 156

A Inside film - - 38 47 - 54 158

M Reduction ratio of can wall from original thickness (base gauge) =58%

Sample CL-S

Steel sheet / Aluminum foil CLAD

Aluminum sheet / Iron foil CLAD
Sample CL-A

Inside of can
(Foil side)

=

Laminated film edge

Outside of can
(Sheet side)

Fig. 4 SEM micrograph of the surface of can top edge, 20% reduction ratio
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Steel sheet / Aluminum foil CLAD
Sample CL-S

Aluminum sheet / Iron foil CLAD
Sample CL-A

J.mnim‘tQLilm

Aluminum sheet

Laminate film

Fig. 5 Sectional view of the surface of can top edge, 20% reduction ratio
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Table6 Influence the adhesion specification of surface treatment
Substrate Peel strength /N/15mm
Sample No. Material  Temper i Survface treatment (both side) i Laminated Cup wall Redraw DWI
Primary plating Secondary plating sheet can wall _ can wall
T1 Metal 120mg/m2 Chromium 19.6 21.6 189 14.8
——F TFS T-1CA S — 2
T4 chromium Cr® 420mg/m’ oxide Cr’™ 15 mg/m 21.1 16.7 174 15.0
Sl . 0.12¢/m? Chromium oxide / 184 77 152 12.1
——  TinPlate T-1CA Sn Metal chromium 8 /7 mg/m
S2 4.00gm’  (cr/ cr) 17.4 59 142 9.1
NSI Ni-Sn 0.56g/m’ 17.2 16.9 16.9 153
NS2 coating  T-1CA Ni+Sn 1.68g/m’ No passivation 18.4 25.8 22.9 20.9
NS3 sheet 5.00g/m’ 15.7 22.1 226 22.1

A Aluminum  HI19

chromium - phosphate
chemical treatment

14.8 12.6 9.6 3.0

»hatching:Film breaking
(Film strength<Adhesion)

TFS(Tin Free Steel)

Ni-Sn Plating

d
Sample T4:Cr° =420mg/m’, Cr™ =15mg/m’

i
Sample $2:Sn =4 OOg/m = Smg/m

Sample NS3 :Ni+Sn =5 00g/m’

Fig. 6

Influence of surface treatment(film adhesion)on PET-Hair (can inside)
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Fig. 7 SEM micrograph of the can wall surface of substrate removed laminated film (inside)

Film thickness =28um
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Film thickness =16pum

B '!':l‘-;:'.] vy
. 7

—PET-Hair

Fig. 8 Effect of using thinner film on reducing of PET-Hair
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