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Fiber Coat (FC) is a metal sheet piled by electrostatic transplanted nylon fibers, FC
is used for duct or roof materials because of its unique design and water absorption
ability, We can add another function to FC by various treatments,

The front cover shows water droplets on the FC with a hydrophobic treatment, Both
enhanced roughness and low surface energy are used for attaining this hydrophobic
surface, This water repellent surface has special characteristics as anti-contamination,
self-cleaning, etc, .

Like this example shown in the photograph, we can adopt other applications widely
by controlling FC, In this publication, we introduce an application for traffic signal

hoods by controlling light absorption of FC,
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Construction of Strip Surface Roughness in Temper Rolling Process

Takao Hasnipa and Hidenori OKUMURA

Synopsis : One of the purposes of the temper rolling process is to give a bright or dull roughness to a strip
surface, from the point of surface gloss and forming which customers demand. Generally, the strip
roughness has been shaped by means of adjusting rolling conditions, the roughness of work rolls
and rolling forces at temper rolling process. The operating conditions concerning the temper mill
has been learned by experience on the whole. In these circumstances, the solution of the
mechanism for making strip roughness has not been fully solved yet, though many researchers have
analyzed temper rolling mechanisms during normal states through experimental mills recently.
Especially the transcription of the roughness from the work roll surface to the strip surface still has
many unknowns. This report shows the basic mechanism to make the strip roughness with the two-

stand temper rolling mill in Kudamatsu plant.

Keywords : temper rolling, strip roughness, two-stand mill, transcription ratio, dull finish, bright finish,

shot blast texture, rolling force
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Table 1 Temper rolling modes

Strip surface | Work roll surface Rolling mode
Stand #1 Stand #2

Dull Dull Dull D/D
Bright Dull B/D

Bright Dull Bright D/B
Bright Bright B/B
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Table2 Main specifications of temper mill

Mill type 4Hi-2Stand

Line speed Max.1,700mpm
Strip | Thickness | 0.10-0.80mm
size Width 457-1,067mm
Weight | Max.18,000kg
Roll Stand #1 | WR ¢ 460-534 X 1,219L
size BUR ¢ 1,219-1,351 X 1,168L
Stand #2 | WR ¢ 460-585 X 1,219L
BUR ¢ 1,219-1,351 X 1,168L
Screw down device | Electric screw

Rolling force Max.12,000kN

4. 2 #EH

it O FiE % Table 3, FmER (BHLETF v — +
WMEIEH) #Fig. 11oR” 7, #MiaM1, M2, M3
D3 aAaANTHLHAMBEHHEEZINALETME 774
MME R o 2 fEEE 7.

Table3 Main specifications of coils

Material Ml M2 M3

Annealing Non-annealed Non-annealed Annealed

Size 0.15t X 700w | 0.25t X 625w | 0.25t X 1041w
coil coil coil

Yield point | 52IN/mm’ | 556N/mm® | 414N/mm’

HR-30T 72 73 57

Surface Dull finish Bright finish | Bright finish

(Roughness) |(0.54/0.50um) |(0.16/0.14um) | (0.34/0.29um)
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Fig. 1 Photos and roughness charts of materials
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Table4 Conditions for temper rolling for dull finish products

Mode WR condition Lubrication | Test
(Material) Stand #1 Stand #2 | Stand | Stand | no.
#1 #2
D/D ¢ 525mm ¢ 534mm Dry Dry | Al
M1) Dull(SB) | Dull(SB)
1.09um 1.08um
B/D ¢ 522mm ¢ 534mm Dry Dry | A2
(M1) Bright Dull(SB)
0.07um 1.08um
D/D ¢ 519mm ¢ 518mm Dry Dry | Bl

(M2) Dull(SB) | DullSB) [ Dry | Wet | B2
0.74pm 0.95um

SB : Shot blast texture
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Fig. 2 Change of strip roughness in two-stand temper
mill(D / D mode)
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Fig. 3 Photos and roughness charts of materials
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Fig. 4 Relation between rolling force and strip roughness
befind stand #2
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Fig. 5 Relation between rolling force and transcription ratio
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Fig. 7 Relation between strip roughness (Ra)and gloss (20°)
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Fig. 8 Comparison of strip roughness between D /D and
B /D mode in two-stand temper mill
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Fig. 9 Photos and roughness charts of strips
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Fig. 10 Relation between rolling force and strip roughness
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Fig. 11 Relation between rolling force and transcription ratio
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Fig. 14 Comparison of strip roughness between dry and wet
operation for stand #2 in two-stand temper mill
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Fig. 15 Photos and roughness charts of strips
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Fig. 16 Relation between rolling force and strip roughness
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Fig. 19 Relation between strip roughness(Ra)and gloss (20°)
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Table5 Conditions of temper rolling for bright finish products

Mode WR condition Lubrication | Test
(Material) | Stand #1 Stand #2 | Stand | Stand | no
#1 #2
D/B ¢ 522mm ¢ 582mm Dry Dry | C1
M1 Dull(SB) Bright
1.18um 0.17um
¢ 522mm ¢ 582mm
Dull(SB) Bright
2.20um 0.17um
D/B ¢ 522mm | ¢ 582mm Dry
(M3) Dull(SB) Bright Dry
1.18um 0.17um

Dry Dry | C2

Dry | DI

Wet | D2
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Fig. 20 Change of strip roughness in two-stand temper mill
(D/B mode)
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Fig. 21 Photos and roughness charts of strips
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Fig. 23 Relation between rolling force and transcription ratio
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Fig. 25 Relation between strip roughness(Ra)and gloss(20°)
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Fig. 26 Influence of roughness of work roll for stand #1 on
strip roughness in two-stand temper mill (D /B mode)
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Fig. 27 Photos and roughness charts of strips
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Analysis of Lubrication System in Cold Rolling Process by Measuring Rolling Torque

Tsuyoshi IRIE, Hidenori OKUMURA, Akio Tomioka, Hiroshi Hasecawa and Mamoru Koca

Synopsis :

Keywords

1. #&
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It must be very important to estimate and evaluate the lubrication performance in the cold rolling
process in order to improve the productivity and surface quality of the cold rolled strip, The cold
rolled strip getting harder and thinner, it is essential to improve rolling lubrication in terms of the
lubricant itself and the application system, such as spraying nozzles, pumps, mixing facility,
dominating emulsion size and E.S.I..

Various methods to evaluate lubrication performance had been carried out by many engineers
and researchers, calculated friction coefficient and forward slip are reported as the most useful
methods at present.

In the meanwhile, lubrication performance should be discussed not only on the upper and lower
sides but also on the whole width of the strip to realize high productivity and quality in the cold
rolling process. However, it is actually very difficult and this seems to be impossible on the
production sites. Therefore, it must be important to adequately evaluate lubrication performance
between the work roll and the strip surface on the upper and the lower sides, respectively.

The authors studied and proposed a new system that can individually evaluate lubrication
performance on the upper and lower sides to directly measure the rolling torque with strain gauges
stuck on the spindle shafts in No.2 tandem cold mill.

This paper shows the experimental results and the knowledge of relation between lubricating
condition and rolling torque on the both surface sides of the strip. As a result, it is concluded that
the direct measuring of rolling torque is very effective to evaluate lubrication performance in the
work roll gap.

: cold rolling, lubrication performance, rolling torque, strain gauge
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Table 1 Condition to measure rolling torque

Condition
2.0mm'=750mm"*—0.256mm"

Index

Material size

Lubricant Proportional to rolling speed
(Direct application)

14%(RBD palm oil)

application

Oil concentration
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Table2 Test conditions(1)

Condition
2.0mm"=750mm"—0.32mm"
14%RBD palm oil)

Index

Material size

Oil concentration
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Fig. 16 Influence of lubrication on friction coefficient
Table3 Test conditions(2)

Index Distance from Spraying angle
stand #5
A 1.9m 45° to rolling direction
B 0.9m 45° to rolling direction
C 2.9m 45° to rolling direction
D 1.9m 90° to rolling direction
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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

1. #

i

BB C O BRA L SFIE & LTI LiFsis X9
2o THRICAL K, [BIEIEDATC b L c&mikL, 4
HTRAZ ALY —2EHENRL L I RO BEEREICBY
2 HEE IS 2 THUERIIEZALBTIE & v ) BTES FEkE L C
EEHELTWS, £/, HAO L) ICTEMNIIHKELTWS
T IE BRI IRAVEG I ISR 22N 7Y v FA—D KD
7B BRYE B X OVLYE TR T o b B PR R DRI 2
EBBRHED 72 DA b £ 7O ANETDO—D
ELTBRICHRE o T3S,

fRRE « £ RS D AP DT b 19904E25 130 & B
FOVE v ORI EBREIR I B b 2 BB R s R S
X9k, L ICeBRHROTE IRy -1, &
MEE DRI X 2R RO, BRoAKMA, %

MBI XY Z 27 VEIIE 7L a— FMEo@E~ 72 £
DHED ST 5, JUEREES )L — 7 ¢ b ARk ICE R
LmB o BB R B 5 EfiicBd L TTULC,
aTULCZ U Ic A HM B~ RV =2 7 VBl 7L a2 —

RO & fTV, B OB TR THEET 5 C02iC
X 2B AM O, WEHC Lo TiddEkbhicaEns &
& 11 % Bisphenol-A Diglycidyl Ether (¥ 27 =/ —JLA
Y)Y NI —T), BADGE) % AKNDEE S H S
ST 2 WEH ORI 2 EM RO BLE 7' 1 & R (R,
BE) SR TORIRMERI>TELIND,

Acd s OBIRRENEE/L L Tk D, EUTIE
REACHIEIC X W EEWE £ - 3 BFS CHEWE L LT
REINTOIYEZ & T OFEICB T 2 86l A3
T, F 719964 LR RUAGRE 212 & 2 IRERIRA R D HI
122 Ui B R & 18\ ORI AR I A 0 T i T %

ARFTE 1 BORHE O BLE AR & Ui d IR T4

* AR V=7 — & —

*2 BEMWIZEAT FZEarR

*3 BITESE AT

ey — TN—7) =5 —

#5 FRARTZEAT Wl

*6 R PHYEATE X & VAHRBIFETIR
*T PERLRERR BRYEAEE X & VA GBISEED

15



FAEIS  Vol.36

HETHBHY - LT E (Draw and Ironing, DI) ML~
DRV ZATMEIRZ 2 % — Ml (LT, 7 3 % — Ml
W) DEEHE~NEH T 2 L CRAKOMETH /KD, THE
DINLEB XL ZEMLCE BTIcRET 28R 740
L4 (BUF, PETA~7) IZ92WT, ZDRERXH =L
DWGIEE L PET~TICKIE T BREE GEMEEEE, MM
EPETOHEBE, #HE T2 R AT VBIEDEAR) O
R R L 7.

2. ERBLURERATIE

2. 1 @&

2. 1. 1 HM

7 23— b EEEOIEM & LTUUT o 4 FEOME% H
Wiz, MO E X OMEMEEE (RIS, FEE, 3
JERFE) #Table 112737,

(D5 4 v 7Y —2ZF—) (TFS; Tin Free Steel, THfE 7
=N Y URE )

WIESAN 2 7 v ) iR, REEEETEH, B o AR
W (&Erasoo g, 70 hRARLY % SR
ZhE L CTESZF L 72, EM D d > Z MK % Table
2, Fig. 1(@IzR7,

@25 =

MWIERtR 2 7 v A V) S, RERIEYEE, 7 =a R 8 iR
WL DIERO$HD > Z 2L, HEI 2 AR AT >
7ot%, V7 a =BT X D #50 o E OISR BT %
7o THERE D EEMZERLL 72, MDD o> E B IERERL
%#Table2, Fig. 1®IZRT,

(3INi-Sn&4: & - Z il

7oA VIR, BRERERYE U 7- v AESAR 1< FE R I X B Ni-
Sn&a4xd > & L, fi\W>TTFS & [AtkD 7 v 2 KHBLY %
i L CHERANI- SN @ o Sl 2 fEELL 72, oo -5
= MR 3 Table2, Fig. 1 (0273 $ & 9 1IZNi-Sné& 4
Do ZERFEFDHI0%DNITH 3.

@7 =7 AESH

Table 1 IR T 7V =27 A58 (KA A A 713
#) 27 AAVUBHELT, #3722 — b EERH XM
ELTHW,

Gt 7N S =7 MEB LTV S =T W BRTED 7
7 v KM
RETEMEACEGEIC X DE@IR L 7L SEB X7V Il
EPE e WInEEE L7y 7y FME (UT, 77y FME

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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Coating
composition

Chromium Oxide

.. OX
Cr / mg/m’

Metal Chromium

o
Cr / mg/m’

Steel sheet

Sample T1~3

Sample T4

15

15

120

420

Fig. 1(a) The coating composition of TFS
(Tin Free Steel, ECCS)

— Ml D D T 8B OMEL —PET~ 712 SUE - HORVR

Hg gHE
S —

/)rOX

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)

15

15

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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2127”8 L 7=SampleT 1 ®TFSTH H, 7 IFEIFH7 L 3
Z2OOMTH B, £, TLVIR—RZA7 Ty FHICHWE
R—2 &% % 7 )V 2 IETable 2 IZ78 L 7zSample A D 7
VI AGEHTHY, $E (Iron Foil, IF) 1XE#HH
R, FEIL 207 7y FifiZ e bicEa L
BEpE T AR I R BE 2 i L Tu o T, Fk e
fExk 7 7y FLEBICHEMNCRmAMA L 7. SR~ —
2275y FHOPILIHEENCIEZ 7 =/ =P a7 LD
FELE, 7V I R=27 F v FHFOKEMZIEICIETFS
MYDr7ardo &%l 72, MO % Table2,

Fig. 1( IR,

2. 1. 2 93I%—r4&BK

WEABICEE L 727 2 32— MBI, AV ZFLUTL
78 V—F/4V 75— HELEIE (PET 1) Off
JEMT7 4 VA BEE L CERL ., ZhoDRY AT
IR 7 4 v 23 EAMEENC IR E S 16mD G 7 4 L L,
ENIINCIZE S 28mDFER 7 4 VA2 FHWTE D, HM
EEBEICK DB LTI S 2 — Ml EERIL 225, 3

774 VRT7y 7 AREREEWML, SERABRICHEL .

2. 2 HEAR

WEAEIL, 7 32— MillR»oHEDO 77 v 7 %245
e, RO Ay 7RI 2y EV I TREFRML
B Ay 7EEEOBLIEMLTERT 4 A—AD 2
TIPSR 7V AN X Y EE 2T, DTIChy
EVIBIXORT A A= TCORETREZRT

2. 2.1 AhvyvErs

Hy Ev ik, 7L ATPL45SI (ANFRBEJ1441KkN,
AMADA# ) 12Tl T#E60spm 17> 7. Table3 i
By ¥y S ITROMIEEZRT,

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

2. 2.2 XRTA4A=D

i LTEMTI, F7 4 2 =7 (BAB3-26, #H
FEAmALED) 2V OREEER (7—7 v b)) ZfEHL
0 R 9 A T2 TI00spm DI TOEE T - 72, K74
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A= TOFKY L ZEINT.1xTable4 O 5F12 T,
L ZEMLE FB ORI () 772 a v # %) *
Z10~30% DETEHE L 72,

XK ZTOE MDY 7 avRix, LITEMILT
WL D D LR AD S DEARFIETH D, —
I SN M IHTOWREICNT Y ¥ 7y a vk
i 2.

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)
2. 3 FEAE
2. 3. 1 HIBHEDOPET~T

JRIGE DRI IZPET ~ 7 DIRAEIZ HB, 6o % 72
V3 SR B A -SSR  (FE-SEM ; Field Emission
Scanning Electron Microscope) 12 & 3 /ME@EIZE L O
Wi g X D §FHiMli L 7.

2. 3. 2 740NAEHMOBERE

FHMICRT %7 4 VL ADEFME, 180°E — Vit &
DFEAE T2 7 4L L DFBEREE R MET 2 2 & CTHEM
L7:8), 180°Y — Liklfic 1ZFig. 2107 & 9 ik A %
Mo, SIEREE (A zv5y 785 v iR
Bk RTC-1210A) (2 X b, FABGEEL0. 17mm/ siZ TEIR
(25°C) T7ANLDOAREHMES /L EDOMEE 7 4L
L EFEMOBEFRE L L.

clear film
(inside)

Fig. 2 Model of 180° peeling test
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FE3. 3mm/ s, WEE75°CTIiro 7z,
QFEME LU 22— MR

HEME XV 22— MM ElogIRiERIZ, JIS Z 22414
e R R TR I & BIIS5 ik 2 R L, BI9R
AR (Vv Ty 78T vya vTReRBR RTC-
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2. 4, 2 {Giues
(7 4L
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AR (Vv Ty 78T vy a vTReRBERE RTC-
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W75 CTfTo 72,

(2)E:A

b o5 ERER, HEED S IE15mm = & X 45mm D bR
WKL, 74 v a3 QL 258 R ico v T, glaRE
B (XY v sy sy ur R RTC-
500) % v, BBRHRE0. 17mm/ sic Tl (25°C) T - 7.

3. BRBEIUEE

3. 1 PETAZICREFTHREEDOHE

Fig. 3IZFE-SEMIC & b 822 L 72 & Lymif o Wil 7 «
VLDIRFER R T, MR, 7S RICEb ST,
NOLED T %2 —F L7 4 VL0306 B & O 2~
I NTWw 3, HMPTFSTH 2 Sample T 1 ~ 3 T,
LD 7y a vROBIMIE->TS S5 —FLE
T ANLANDIRA=IPRELSE>TED, HLimY &
73 a vEPILSBU ETHREEICLSTRETOELET
7 AN LW L CPETA7 3B LT w5, £/, HM
DE DS WT-1 DT 22— Mg (Sample T 1) T,
fldODRT v R—D 2B LKL TL ZEHETD 7
F— bt 7 4 VL DHEEND I, PET~NT RS 41T\
%, ZHUIRLT, 7IIRDF I F— FMSample AT
BEUCEADPET7 4 V&% 7 32— LTWw3IZHED
5FPETATIRFEAE L TV, 2o X 512 BTl
NV F OHEFT TN U CREGHNCME 2 TR 2 b D3
27 ORERM B OMEHEEEIC X D EH, PET7 4 L 2D
BN D, MR TR DK WPET 7 £ v
LONEIRINICATE T 2 b D LIS NS, 22T, KEIE
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THTOEMEION 7 4 LV LAOMEREZFHEL .
Table 5 12 & JE LT OHEM & L EMEENTEM O 7 4
WV ADBE%RT, Fig, 3 DPET~ 7 DiRAEIZ, Table5
DOTHZ D 45 (Redraw can wall) DOHIBEREE & OFHBIAYE
$, FEMBED ERICHEGPETA T FE LR T W &
Sh 5. Fio, BHEOE LEE T O SRR R O 2L E)

PP THEE T L, EMPBMOE&IZI I x—F LK
7 4 Vb EHEMOIBEFERE i RIS CId A I
B L THREDE 7 4 L LHSEIRINICEIE L, ZORREG
LHEESE T T 7 4 VA BN L CPET~TIC% % L5
A6MN5.

PET A7 BUE T MRIRIE DFEEIZ OV CDHERD 720
MR —227 7y FM (il E7LVIEDY 7 v K
#,Sample CL-S), 7IVIHWR—=227 5 v ¥ (7L I
EPSED 7 5 v F#, Sample CL-A) @ F 2 %2— %

TIMBHR D R —

RTFAR=HIZTYV I 72 a 0% L TERHEL-HBD
6 RO FE-SEME B % Fig. 4 1233, fitiR—2 275 v
FMTIE, GONHEMGE HIC7 4 L LDWEH L TED,

PET~7 2354 L7z, ZHUCHLT, PAIHR—ADY
7 v FMTIX, HORMMNLE DIZY ¥ 7> a »#20%D

L Z&EHIEHEBPETA 7 IE54: L T2\, Fig. 5ICHTHE
AR DB MIBENTH DG H AR T, SR —A 27 7 v FM
TIEHNADME b BN D 7 1 L 25T L CPET~7 &
LT L T3 2 ETMAT, S5EIC R THREE DKL
TILIFEL 7 4 b b EREBRICETICHBE I N TS 00357
WD, TNIRR=2D 7 5y FMTE, S5E0 (M)
DM E T 4 N LDEFIDI D, 7 4 NV LBEITIC
SN TOEIN 7 4 L LADTHEWI T2 FTIRIEE->TES
F, MEHRE O OGESEIZ 7L M X D) AR
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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

3. 2 PETAN7ICRBTEME7INLDEEREONE
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B GE L, RIBSET IOt THEEREIMET T 2
ERicH 5, &I, BDET I 2= MMTIEEFICHES
HME T4 NLDEETDIRTENPRE D L0 5
TFS, &0 ZICHRTZ v X L EHDEELDH>E LT 3
Fo— MMTIE, BIBICHES M L& 7 4 VA DEETTDIET

MEEZ DWW TR BEENPRI-NTE D, BEEME
7 4 VA DWWEEED ETth 5. 7z, Fig. 613 RT 4
A=A THEWBD Y ¥ 72 a vEP20% ERD X5 IC

B L Tzt Eof MmO IEE %2R d, TFS, &) &
TIRLIEWIBICL YPET~7 254 L TE D, PET~7
@EEi%M&74»A®@%ﬁ®MTk&§L ML <
W3, ZHUIKRLT, v TVEBAEED - & LT S R —
M OYG, BIBEBROBEE K TBRA LRV v 7L
(Sample NS2, NS3) 2oV TIFEG DY 4273 a
VER0% DL T ERIEEIT o THOPETANTDFAE L 220,
DLED X9 REHIBED 7 4 L LW BEETRFEIR 1 X 2PET~
TSRO G T, GRIBEDEE 1037 4 W LHEIE X D Ewv

7207 4 VI FRDSEIRINIC S v F OXEFT ISR LT

MBIFEAERSNT, T4 X—hTOL T ERIBHEDE Az Enicdwl ticksbneEz 603,
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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As plating

Redraw can wall
(removing film)

Fig. 7 SEM micrograph of the can wall surface of substrate removed laminated film (inside)

Film thickness =28um
(Sample T1)

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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Investigation of Adhesion in Al / Al Clad Materials by Surface Activated Bonding Method

Huanan Liu, Kouji NaNBU and Hironao OKAYAMA

Synopsis :

Keywords

1. &

We have developed a new cladding process by the surface activated bonding (SAB) method. In this
process, the surface of materials to be bonded are cleaned and activated by argon (Ar) ion sputter
etching, and then immediately rolled together with low distortion at room temperature in a vacuum
condition.

In this study, we prepared aluminum (Al) foil of 27/m thickness and an Al sheet of 1 mm thickness as
raw materials and fabricated a series of clad samples with different Ar ion etching time and rolling
load conditions in a constant vacuum degree.

It was found that the bonding strength of the Al / Al clad samples increased with increasing the
Ar ion etching time and rolling load. In the observation of the interface between Al foil and Al
sheet by means of focused ion beam (FIB) and transmission electron microscope (TEM) , an
amorphous-like oxide layer with 20nm to 40nm thickness was formed in the case of the clad samples
cladded under the conditions that the Al oxide layer on the raw materials remained. It is considered
that adherence between Al and Al oxide or between Al oxide and Al oxide occurs when only the
adsorption layers on the surfaces to be bonded are removed by Ar ion etching.

: clad, roll, vacuum, aluminum, bonding strength, interface
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Development of Fiber Coat (FC) for Traffic Signal Hood

Masanori YosHIKAWA, Hiroaki Toco and Harunori Koryou

Synopsis :

Fiber Coat (FC), on which surface nylon66 fibers are piled by electrostatic transplanting method,
is one of the products in TOYO KOHAN, For the substrate of FC, several kind of metals in coil
shape such as hot-dipped galvanized steel, stainless steel aluminum alloys and so on, are
available,

FC products show many superior characteristics such as good appearance and soft touch like
velvet, water absorption and nonflammable ability, FC is used for various products, for example
duct or roof materials and panel heaters,

Recently we developed low light reflectance type FC for traffic signal hoods and commercialized
this product.

Keywords : Fiber Coat, nylon66, low light reflectance, traffic signal hood
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(Solderable Aluminum Plate) |
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Pre-coated Aluminum Plate for Solder “SAPlate”

Shunsuke KawaNo, Kou YOSHIOKA, Tatsuo TOMOMORI

Synopsis : Aluminum alloy excels in lightness and heat radiation, and it can be multi-used as the heat
radiation material such as for heat sinks. However, heat radiation material using the aluminum
alloy had a fault that joints by soldering can not be used. Then, we developed a pre-coated
aluminum plate “SAPlate” that had a solderbility and began manufacturing in 2006.

Various soldering methods using lead-free solder can be applied on this product keeping the
superior property of aluminum such as lightness and heat radiation. Moreover, it has excellent
formability and anti-whisker property. On this paper we introduce a typical characteristic of

SAPlate.

Keywords : pre-coated aluminum, heat-sink, lead-free, soldering, whisker
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2. 1 RAEBMEOTTME
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Specification and characteristic of “SAPlate”
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(now developing)

Characteristic | Conductivity

Solderabil ity

High heat radiation

Solderability
High heat
. . radiation
Organic Resin Resin
Structure Tin Tin
Nickel Nickel Nickel
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(a) Flow soldering process

. =

— .

LﬂfﬁﬂitrJ.’va———¢4
~—Melting

solder
Dipping in

Fix of parts Spreading of flux soldering bath Finish
(b) Reflow soldering process
) ] —
[ ] ‘ [ ] ‘ [ ] ‘ [ ]
Coating of . . - .
solder paste Fix of chip Heating Finish
Fig. 3 Flow soldering process and reflow soldering process
Table2 Lead-free solder alloys and available soldering process24-7)
Solder Typical M.p. |Soldering Process . .
Alloy | Composition | (°C) |Flow [Reflow | Hand Merit Demer it
Sn—-Cu Sn-0.7Cu 221 | O X @] Low cost Low wettability
Sn-Ag | Sn-30Ag-0.5Cu | 217 | O (@] O |High relativity High cost
Insufficient
Sn-Zn Sn-9Zn 199 X (@] X Low cost reliability
_Rj _LQRi Low soldering -
Sn-Bi Sn-58Bi 139 X (@) X temperature Low relativity

Ag-0.5CUlFAE~D 7 u =KUY 70 —ZAEMITHEE
DML E il 5 2 L 2P T o %, HgA I, A
MEBRDOIZAE BN TILI = A58 L DB TV
(99.96%) MOz DHETH 5 HEEK (Cubs%, Zn35%) ,
Y U (Cu94%, Sn 6%, P0.02%), Hicxb = (-
=4, Snb.6g/ni, Y 7o —MBHM) 22, BT,
Z DFERIZOWTRT,

2. 1. 2 7u—3APMTE

Hy FL—F (472K ©78a—FA77 T T
X, Vv T A VINTVRIE (A=A 777 1Tk
3z A ankRER (Fig. 428 9)) IctHonktn
70 AY A L% M O & KT 2 2 & Tfio
RBSetl & Table 3 IC/R T, Ak, (XA 29 & Gk
TEIR %2 B EJIS C60068-2-54I1CHEHLL THiT - 72, 1ZALR
REEEEY 7 VU — XA Z DRIV 6 41 5245°C, FARHE
WiE, e=—br vz LUNTENLY Yy 7L — 237 Y
VREWRD AL —F =V HIZIRAERFICE D EES NS
W ZHE L, Bom MR (F 2 imx & X 20mm) 1<)
DHLZbDE L7, 72, EMITIEEZ0. 2mmDAI100
HEr Tz,

Sn-3. 0Ag-0. 5Culz A ZZICEF 29y L —FrD 70—
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Fig. 4 Measuring method at zero cross time with wetting curve’.8
and appearance of testing

Table3 Test condition of flow soldering wettability
+ Sn- 30Ag- 05Cu (M705%)
» Sn- 03Ag- 0.7Cu (M35*)

245°C

Solder

Temperature of
soldering bath

Testing device

*SENJU METAL
INDUSTRY Co. , I'td

Solder checker SAT - 5000 (RHESCA Co., Itd)

Speed of dipping 20mm/s
Depth of dipping 2. Omm
Time of dipping 10s

0.2x2.0(W) x20(L) mm

- EC-198-8 (15%, 0.08%)**
» ULF-300R ( 6%, 0.04%)**
*NA-200  (50%, 0. 00%)**

Size of sample

Flux
(Solid content,
Chlorine content)

*#¥TAMURA KAKEN
Co., Itd
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Fig. 5 Flow solderability of SAPlate in lead-free solder
Sn- 3.0Ag- 0.5Cu
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Fig. 6 Appearance of samples after wetting balance test (Flux : NA -200)
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Fig. 7 Flow solderability of SAPlate in lead-free solder
Sn- 0.3Ag- 0.7Cu
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R LY VY —X=2 |} 2HOHELET 1 7 7 A L1419
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Table4 Test condition of reflow soldering wettability

= 8n-3.0Ag-0.5Cu (M705-GRN360- K2-V*
Flux content:11.2 %, Halogen content:0. 0%

+ Sn-58Bi (L20-BLT5-T8F%)
Flux content:10.0% Halogen content:0. 0%
*SENJU METAL INDUSTRY Co., Itd

$5%0.3 mm
Solder checker SAT-5100 (RHESCA Co., Itd)

Solder paste

Supply of solder paste
Testing device

0. 1mm
1. Omm/s
0.2x2.0() x20(L) mm

Depth of dipping
Speed of dipping

Size of sample

250 . ;
Peak 240°C

3
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4
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Fig. 9 Temperature profile used to evaluate reflow
soldering
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Fig. 10 Reflow solderability of SAPlate in lead-free
solder paste Sn-3.0Ag-0.5Cu
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Fig. 11 Reflow solderability of SAPlate in lead-free

solder paste Sn- 58Bi
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Fig.12 Appearance of samples after reflow soldering
test(Sn-58Bi solder paste)
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Fig.13 Appearance of a sample for pull-strength
test of solder joint

Table5 Condition of solder joint and pull-strength test

Sn-23.0Ag-0.5Cu (M705-GRN360-K2-V*
Flux content:11.2 %, Halogen content:0. 0%
*SENJU METAL INDUSTRY Co., Itd
Supply of solder paste @$5x0.25 mm

Reffer to Fig. 9 (M705)

Solder checker SAT-5100 (RHESCA Co., Itd)
0. 25mm

1. Omm/s

0.2x2.0W) x20(L) mm

Solder paste

Temperature profile
Soldering device
Depth of dipping
Speed of dipping

Size of sample

Speed of pul | 20mm/min
250 — DBreaking in the material
r DBreaking in joint interface

o 200
= L

R e e e
I

[

—

B 100 e ] ] e
= L

o 50 ‘ ' rrrrrrrrrrrrrrrrrrrr

SAP|ate Bronze Phosphor Tinplate

bronze

Copper

Fig.14 Solder joint strength measurement result of SAPlate

Fig. 15 Photograph of samples after solder joint strength test
(a) Breaking in the material
(b) Breaking in joint interface

40

Vol.36

2. 3 ®OMHoiH
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Fig.16 Appearance of evaluation of heat radiation
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Fig. 17 Evaluation result of heat radiation
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Fig. 18 Example of heat sink made of SAPlate by stamping
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Fig. 19 Appearance of a sample used to examine whisker

Table6 Result of whisker examination

20°C—50%RHx 13000hr

Condition (Room keeping)

55°C-85%RH % 2000hr

Shape of

sample Sheet

90° bend Sheet

Result No whisker generation%

\ [

3. ¥y 7L —ORERBMR & ZREDRKE

Yy L=+ (472K OEBEBKEZORKE%E
Table7 IZ7RY. 7N 3= A&&EM LI, =v/7riL/
25/ G HEISHIE KD 3 e & 72 B RIEAMBELE 233 5 T
B8O, Wi, EXo-oEF (HER=vy 7, RS,
AEEIERGO TRICKD, 7LI=vafdEa( LRI
HSRAIC A5 SN TR B0y 7L — 1+ (#4 7 2K)
DORTH 5. EROENIZALREIZTC, HooF
KO MG TR TS A, PUF TidTable 7 12 TR
L=y 7 - & RiE X OVE RIS R IO #EE & 72
IZDWTIRR 3,

Table 7 Structure of SAPlate (type 2K) and function

of each film
Structure Thickness (m) Function
- Abrasion-resistant
: : <
Organic Resin S1.0um « Antioxidation of Sn plating
Tin —
Nickel =0.5um — - Solderability
Aluminum = Adhesion of Sn plating
sheet =0.5um { Solder joint
= Anti-whisker

3.1 ZYs L >EREICDONLT

Yo 7L —hrICBFE= vy Lo FRIIEE, ZAFEME
R GAC TR T2 850 > & FEOEF A _ LD 72 & O T L
&L CoEEIDAbZ, IZAZRHEDHER, 71 AAFEEN
Mz EOBRELEL TV EEZTED, DTInsico
WTELY.
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Fig. 20 Surface appearance of Sn plated Al sheet after
flow soldering
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(b) After soldering
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Fig. 21 Cross sectional observation image of SAPlate
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Table8 Result of whisker examination

Condition 55°C-85%RH % 2000hr
Sample A Sample B
Tin
Structure Nickel Tin
of sample Aluminum Aluminum
sheet sheet
Result %No whisker generation§ Whi sker
i i generated

Fig. 22 Surface of sample A and Sample B after whisker examination
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Fig. 23 Surface of sample A and Sample B before whisker examination

HAUZ & 2 7MEEEEClE 2@ ilEl LD o 7228, JKIC
X O BEMEIRICEBIZ I N, Fig, 220 EiRE g o
KL FREIC, =y o> ZFEEE4 L& \v:Sample B
DFPHOEME > TWE I ERER L. NS5
& > E PR % XERMPT R & D sk Thilg L
7R A2 Fig24l R T, $0 - XK SEC ARSI,



BALZHZLa—=br 7= a8 Ty 7L —1 (Solderable Aluminum Plate)
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Fig. 24 Measurement result of crystal orientation and
crystallite size of Sn-plating film
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Fig. 25 Cross-section observation image by FIB
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The Characteristics of Acrylic Film Laminated Material

Satoshi TakanasHI, Masanori TAaNIGAMI, Takahiro KoGa, Noriaki WADA

Synopsis :

Keywords

1. &

PRI RN IR, SRtk ko s nTE D,

Polymer coated galvanized steel is used for building or housing materials. Exterior materials for
buildings especially must have high weather resistance and high corrosion resistance. Pre-coated
materials or PVC laminated materials have been used as the exterior materials, However, recently
some new demands such as environmental issues or fine appearance with embossing, have been
increasing for exterior materials in Japan.

TOYO KOHAN has developed acrylic film laminated material with high performance, The
fundamental characteristics of the new material, for example formability, corrosion resistance, and
weather resistance were good. In order to evaluate the long time weather resistance, we carried
out the EMMAQUA test, The colors of the test sample were white, black and green, standard colors
of exterior materials.

The results of the EMMAQUA test for the past three years are as follows:

The glossiness of all colors became about 1, The color changes AE of black sample after three
years was about 2.5, The residual ratio of thickness was about 90%. The residual ratio of molecular
weight was about 85%. Both of them were high residual ratios.

Judging from the results, the new material has high weather resistance for a long time, We
estimate that this new material will maintain good weather resistance over 20 years without any
maintenance, Of course, the new material has good formability and can meet the demand for
various color and embossing, Thus, our acrylic film laminated material has good performance not
only in durability, but also in appearance and has been increasing its share in the Japanese market.

: acrylic film laminated material, high weather resistance, EMMAQUA test
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Fig. 1 Light transmittance of acrylic film
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Fig. 2 Schematic view of production line
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Table1 The fundamental characteristics 15
4 Black
- o .
PVC Acrylic § 10 & A, <.>Wh|te
Adhesion test Good | Good K] g o A Green
Formability test Good | Good & 5 .o .
Corrosion resistance test Good Good $ § &
Boiling water dipping test Good Good 0
10%HClI Good Good 0 1 2 3 4
Chemical | 10%NaOH | Good | Good Test time (years)
resistance | Kerosene Good Good . .
test Gloss Fig. 5 Glossiness changing of samples at EMMAQUA test
Ethanol Good .
Changing

10
8 A Black
Table2 Results of cycle test after 1200h © White
w 6 ® Green
PVC Acrylic <y,
Rust i L 4 a &
Cross out us Red rust White rust 2 : . . : 9
Blister 2mm 2mm 0 L
Rust Red rust White rust 0 1 2 3
Edge - .
Blister | 0.5-2mm 0.5mm Test time (years)

Fig. 6 A E of samples at EMMAQUA test
Table3 Glossiness and AE at SWOM test

o T7800 3000 T2000 | 5200 FEERT8%) ICEMLL 7 (Table5 ). v b
Testtme | h | h | h|h|h DTREERERLTE Y, RIS IR &% 2
| Glossiness| 6.6 | 43 | 33 | 31 | 33
Acrylic AE _ 13 25 2.6 2.6 5% .
by |Clossiness| 69 | 39 | 25 | 16 | 08 PLED X 5 1icF4 D3AFE L 7= 7 27 U Vi o 851X, K
AE - |20 18] 25 ] 27 B G123 O P AR & LAl S 11T\ 2 EMMAQUA RS
D 3ERRFCENRE2EG T2 EBMHERCE L, Tk,
Test | PVCTim [ Acryic fim SCDRTL, b 2 H A CAHMIED B RS 0T,
sample Iamlngted Iamlngted e . .
material material WEIT T A D B FiH3H - 7z,
4 Bl OEMMAQUAGREE T >~ 7VICHS L 72 = % L
Picture X — 3BT D404E 3 DL ETH B 038, IR & D
B ERER & TR W D3R 722 5 7 BRI A04F D Tidfi
Wb 5 EixE0Uniny, 2720, ShlofEsrs, B

Fig. 3 The result of outdoor exposure test(15years) FKL7 7 VNEIRIEA YT F v AL Th L & H204E
DL Lotttz ii> L BT 5,

FEIRfEIZ A & DRI 2 FETHRRED IR Y, 3ETHI Table4 Thickness and residual ratio of samples at
7ot (Fig. 551). EMMAQUA test
ABIZEITHA, BEidf2.5Thh, uFnd i TIAQLA test time Lyears,
lif7eficdh -7 (Fig. 6 ). Thickness | oo | 11a | 114 | 117 | 111 | 108 | 108
$7, 74V AR THIIE120mTH - 7255 3 Ll
. Residual | 4, | 9g| 95| 98| 93| 90| 90
FERRITIZ108m (FH4590%) 1221k L 7= (Table4 %), ratio (%)
Z ORFFERITIE EEIE & kT % LIEFICEC, RIfie:
AR IcAER EEZZ on s, Table5 Mole(iular weight g\ﬂw) and residual ratio of
- t EMMAQUA test
7, ATFRIITOSTR (Mw) £100,00002% LT sampies 4 ©s
3 ﬁiﬁﬂéf“é‘;ﬁﬂbi%’%& 000 (1'%%%%’985%), Elbi%"\ﬂ& 000 ({% Golor \I:’/I:iI:Etular - EMMAQ:IA testtlmze (years) -
Mw 1.0E+05| 9.2E+04| 9.2E+04| 8.8E+04
Black | Residual 100 89 89 85
ratio (%)
Test time (years) 1 2 3 Mw 1.0E+05| 9.0E+04| 8.0E+04| 7.8E+04
Ene;;y LLangIey) 1.34E+06|2.59E+06|3.85E+06 White fa?iziitf)l 100 % 50 78
acl
White
Green

Fig. 4 Surface appearance of samples at EMMAQUA test
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- 7 4 AN (Fig. 7500).

- fEEEEEM (Fig. 82H).

WL DA 7 4 A9MEM L L C0ED EX YT F v A
7V —TAINTED, HEEPHIFOMEIZAEL T
Wiz, FR—REEORBMIEM & LRI UG
THRI0ERE D DRIE I T A L Tuode o,
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5 B X ™
1) Seiichi Honma : Plastics, 55 (2004), 5
2) William J, Putman, Matthew McGreer and Matthew
Conrad : Soc, Plast, Eng, ANTEC, (1995), 3322
3) Eiki Takeshima, Toshinori Kawano, Hisao Takamura
and Shigemichi Katoh:J, Jpn, Soc, Colour Mater., 56 (1983),
457

Magnification

Fig. 8 Actual use for roofs of houses and the parts around the roofs
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