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Influence of Bath Condition and Film Thickness
on Electroless Ni—P Alloy Film
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Influence of Bath Condition and Film Thickness
on Electroless Ni—P Alloy Film
for Magnetic Hard Disk

Makoto Yonemitsu, Kazuhiro Hanaki and Hiroshi Ikeda

The effect of bath composition and film thickness on saturation magnetic flux density of electro-

less Ni—P deposits were studied. The results obtained were as follows:

{1) Saturation magnetic flux density of plating film was influenced by plating parameters such

as pH, nickel sulfate, hypophoshite and lead nitrate concentrations.

(2) The saturation magnetic flux density of plating film after heat treatment depended on P con-

tent.

(3) The magnetic moment of plating film was constant value, regardless of film thickness.
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Table 1 Pretreatment conditions.

Process Solution composition Operating condition

Alkaline degreasing Commercial week-etching type 60°C, 3 min

5vol% HaS04

Acid etching 70°C, 3 min
3vol% HsPO.
Nitric acid treatment 30vol% HNO; RT, 30s
20 g/1 Zn0O
) 120 g/1 NaOH RT, 1min(lst)
Zincate

2g/1 FeCly - 6H,0 RT, 20s (2nd)
50 g/1 Rochelle salt

Table 2 Electroless Ni-P plating solution composition.

Concentration
Chemicals
Standard Range
NiSO, - 6H20 0.1 mol/1 0.05~0.15 mol/1
NaH,PO; - H:0 0.3 mol/! 0.15~0.45 mol/1
NazCiHiO0s 0.15 mol/1 0 ~0.22 mol/1
Ph(NO3)2 1  wtppm 0.1 ~10 wt ppm
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Fig. 7 Effect of sodium hypophosphite concentration
on deposition rate and P content.
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Fig. 9 Effect of Sodium malate concentration
on deposition rate and P content.
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Fig. 8 Effect of Sodium hypophosphite concentration
on saturation magnetic flux density.
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Fig. 10 Effect of sodium malate concentration
on saturation magnetic flux density.
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Fig. 11 Effect of lead nitrate concentration on
deposition rate and P content.
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Fig. 12 Effect of lead nitrate concentration on
saturation magnetic flux density.
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Fig. 13 Surface of electroless Ni-P plating after various immersion time.
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Fig. 17 Effect of plating temperature on deposition rate.
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Effect of Si-Precipitate on the Capacitance
of AC-Etched Al-Electrolytic

Capacitor Cathode Foil

Kiyoshi Fukuoka and Masaharu Kurahashi

Effect of annealing temperature on capacitance was investigated for 99.9wt% aluminium cathode
foil after AC-etching.

99% cold rolled 35 um thick aluminium foil was annealed in vacuum condition at the tempera-
ture range of 150 to 350°C. The foil was etched in HCl—H;POs—~HNO; solution at 200mA/af of 25
Hz AC current for 250 s. The capacitance of the etched foil was measured in ammonium adipate
solution, and the morphorogy of the etched structure was observed with optical and scanning
electron microscopes. Precipitated particles were analyzed by the selected area diffraction method
using a transmission electron microscope. Electric resistivity was measured in liquid nitrogen.

The results obtained were as follows.

(1) The maximum capacitance was obtained on the 250°C annealed foil.

{2) The sponge structure formed during the etching was found to be uniform on the 250°C
annealed foil, while irregular on both the cold rolled foil and the 350°C annealed foil.

(3) The side length of the cubic unit cell of the sponge structure was found to be 0.1 pm for every
foils. Higher capacitance was obtained on the foil that had a lot of unit cell in the sponge structure.

(4) The 250°C annealed foil had the minimum electric resistivity. The precipitate in the 250°C
annealed foil was Si of 0.1 to 0.2 pm in diameter, while the precipitate in the 350°C annealed foil
was Al.Fe and/or AlFeSi.

Effects of precipitate on AC-etching phenomena were considered as follows.

Precipitated Si particles may interfere the development of surface oxide film both in natural
oxidation and in the etch film formed during AC etching. Thus, etch pits would be start from the
weak points at the beginning of anode half cycle. Then, the sponge structure of the 250°C annesled
foil grew so uniform, because it had many weak points, that resulted to the maximum capacitance.
Fe in precipitated YAlee or AlFeSi particles may be dissolved into the electrolyte during anodic
half cycle of AC-etching and deposited on the cell wall during cathodic half cycle. Deposited Fe
particles made electrochemical cell with matrix aluminium, then the cell wall aluminium may be
dissolved electrochemically and the capacitance brought lower.
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ERITHE L 72,
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@
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(D A.C. power suplyer : NF ® Quarze heater

@ Temperature control system (7) Thermocontroler

(3 Specimen ® 3 liter capacity glass bath
(@ Specimen holder @ Magnetic agitator

® Graphite electrode Function synthesizer

Fig. 1 Apparatus schema for AC-etching.

2.2 RBAHE

(1) %= F v R

BRI ICIZ, 36wt % HEER125cm?®, 85wt b ABE 6 cm?,
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WHTREBALT, =y F v /EEE—TEIC Ll
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% #li7k1000cm® ICIAR L 7260°COBIKRR <, MRS E 58
IVILET 3 % TILEME AT - oo IRVT, 30°COM
UBIKERT, iea—by by i — FBEOLCR
A — 74262A #FH W, 120Hz OEFIEMER CHBAR
ZHIE L 72,

8) =oFFEY DEK
HERBONMTERORABA R, avE-— x5/ — b
KRELTEB7T VY=o 22 BRLEBREL, B5h
BTVl = AL BT v FFE Y FDLT Y B

Table 1 Chemical composition of aluminium cathode foil.

(wt%)
Si Fe Cu Mn Mg Cr Zn Ga Ti Al
0.03 0.04 0.00 0.00 0.00 0.00 0.01 0.01 0.01 bal.
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2 0nIE 1 e e iz £t E “_E‘,T 73 :, - . .
Eo)g{{t%Flg' 21 m?" BESTRBE 23 = < ) :Z) ‘ ﬁ};l‘_\; Fig. 2 Effect of annealing temperature of aluminium cathode
HERBEOHMAT 5H, B0CHEMEOHEBEARZ KRS foil on capacitance after AC-etching.

i LT, 300°CLL LBl Em L 7o

Cross section 10um Surface 50pm

ST AN
g& e

(a) Non-annealed foil (As rolled)

(c) 350°C annealed foil

Fig. 3 Surface and cross sections of AC-etched foils.
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(a) Non-annealed foil (As rolled)

(b) 250°C annealed foil

(c) 3507 annealed foil 5

Fig. 4 SEM micrographs of sponge structures.
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Ty FFEy b OBEAE VORI, Fig. 5 iKRT &
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VHEIRTH %, RifED Fig. 3 THHR 2 v EO R
LN - 350 CHIGIC S, T v F v S HITORES
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oo BB, Fig. 510BWVWT, EVBREE L LERLE
SN BH, THRRLBAEEES T IcEBT LI = A
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WAERE LD TH D, BEVPIEFCEHV D,

(a) Non-annealed foil (As rolled)

M

(b) 250°C annealed foil

(c) 350C annealed foil 0.1um

Fig. 5 SEM micrographs of etched films formed
during AC-etching.
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As rolled
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Fig. 6 Effect of annealing temperature of cathode foil on
electric resistivity.
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Fig. 7 Grain structures of non-annealed and annealed
cathode foils.
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cathode foils.
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(113)

(131)

Si

Fig. 9 Transmission electron

(020) (352)
(312) e
(332
(332) G13)
@52 (020
o’ ~—Al—Fe—Si

Fig. 10 Transmission electron micrographs of 3507 annealed foil and selected area diffraction

of precipitated particles.

Table 2 Results of selected area electron diffractions.

Distance of planes (A) Angle of planes () Note
Si a (111) b (022) c (131 Zaob Zaoc fce
Results 3.16 1.91 1.64 90.0 58.0 a=5430A
Caluculate 3.138 1.920 1.638 90.00 58.52
a’-AlFeSi a (020) b (332) ¢ (312) Z£aob Zaoc hexagonol
Results 5.35 3.48 3.70 115.0 76.0 a=123A
Calculate 5.326 3.427 3.848 118.8 79.59 c=26.2A
AlxFe a (112) b (420) ¢ (312) Zaob Zaoc monoclinic
Results 3.95 3.66 3.66 - 118.0 62.5 a=21.6A
Calculate 3.945 3.520 3.443 118.7 66.2 b= 9.3A
¢ = 9.05A
B= 94.0°
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Spot Weldability of Aluminium Oxide Dispersion
Strengthened Copper Electrodes
for Alternate Welding of Mild Steel Sheets
and Galvanized Steel Sheets

Masaki Kumagai and Koji Nagata

The aluminium oxide dispersion strengthened copper (ODSC) alloy has been put into practice

as an electrode of spot welding because of anti-sticking property in welding of galvanized steel
sheets. It is said that the lives of ODSC electrodes are noticeably longer than those of Cu—Cr,
Cu—7Zr and Cu—Cr—Zr electrodes in case of alternate welding of galvanized steel and mild steel
sheets. However, it has been emerged that the cracks formed at the top of the electrode during the
welding decline the stability of the lives of the electrodes.

The objects of this work are to make clear the mechanism of sticking between the electrode and
the steel sheet and the countermeasure of the cracks at the top of the ODSC electrode and to de-
velop new ODSC electrodes with much longer welding lives. The following results are obtained.

(1) In case of the alternate welding, an aluminium oxide layer which is formed on the Cu—Zn
alloy layer at the top of the ODSC electrodes during weldings of galvanized steel sheets protects
the surface layer of the electrode from the sticking to the sheets during weldings of mild steel

sheets. The aluminium oxide layer results in the stability of the welding.

(2)  Grain refinement of the ODSC electrodes due to heavy hot working is effective to delay the

initiation of cracking at the top of electrodes for the alternate welding.

{3) The lives of the ODSC electrodes for the alternate welding is improved with the increase of

aluminium oxide content.
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2.1 B
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Fig. 1 Softening characteristics and transmision electron
microphotograph (X 13000) of ODSC.
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Fig. 2 A cap-tip type electrode.

2.3 #WEEHY

WaEEHM E LT, E&0. Tmm, IE25mm O&e{LA
RHEESA Y - XM (45g /45g /i) KRUE=0. 8mm, &
25mm O (SPCC) ZRH Wi,

2.4 BEERAE

Fig. 3 ICAERBROMBNK 2R T, WAEMZ 2 K&
h, ETF»58® G ks, E, B8 CGHER

Welding current
10.5kA

Number
Electrode of welds
¢16
Sheets for
welding & -R40
I |
l /‘\ !
Nagget
Number
of welds

Compressive force
1.91kN

BEEAE LS h > BHRO LREBERFABR S L7
IEA W, 1.57X10°N, 1.96X10°N, 2.35x10°N, I
2. 15X 10N & L7z,
mEEGHBRICBL TR, 930 ROBEREROIE
LT = oo HBEEROMEFIZL. 96 X 10°N, AEBERE
10. 5kA & Uiz, #IAEEMICB T 5 EEFT ARG 13mm
E L. B—TAERE, T8 - MR S 2 HEHE
e LUTHBEEET - 1o, BATTARRE, D - 2
WA 205 AHE Uicth, IR A20&EEEL, Chai@)
W LUIT - 7o 80FT M ICHIEN® -» XK Z S iy v 7Y
v L, Fig AWRTHETHY » PEERREL, #IE
EH—ETH3.35mm VT, ¢t IZTESHD » SFT DR
B PITiE - el sad Uiz, $7, BREWMMY
WAEMEREZEEL, Shsyn D ohicf%2E
NRESE Ui, &5i, B &AM OMICERER
RHEA, BREBSTIOMEDAZTY, FhFEEKO
BRELHEOERE TGS E 1,

Galvanized steel

1 80
(a) Single welding
Galvanized Mild Galvanized Mild
steel steel steel steel
20 21 40 41 60 61 80

(b) Alternate welding

Fig. 3 Test methods of spot welding.
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Fig. 6 Welding lives of Cu~Cr-Zr and ODSC electrodes in
welding of galvanized steel sheets.
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Fig. 8 Line analyses of EPMA near the top of an ODSC
electrode after 500 time weldings of galvanized
steel sheets.
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Fig. 7 Cross sections near the top of electrode after
500 time weldings of galvanized steel sheets.
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Fig. 9 Micro-Vickers hardness near the top of electrodes
after 500 times weldings of galvarized steel sheets.
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Fig. 10 Welding lives of Cu-Cr-Zr and ODSC electrodes in
welding of both galvanized steel and mild steel
sheets (alternate welding).
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Fig. 11 Cracks at the top of an electrode and a print
of cracks on a mild steel sheet after
500 time weldings of alternate welding.
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Fig. 12 Cross sections of the top of electrode after 500 time
weldings of alternate welding.
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Fig. 14 Line analyses of EPMA near the top of an ODSC
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Fig. 15 Welding lives and initiation of cracks in ODSC electrodes with low (ODS3R) and high (ODS5R) aluminum oxide
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Fig. 16 A cross section near the top of fine grained ODSC
electrode (ODS3R) after 500 time weldings of
alternate welding.
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(ODS5R) after 500 time weldings of alternate
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On the Zinc Phosphate Coatings
on Aluminium Alloys

Akihiro Kiyotani, Hideo Ito, Takahiro Koyama and Masahiro Nishio

Zinc phosphating is commonly used as surface pretreatment for the painting of metals in

automotive industry, The corrosion resistance and wet adhesion of paint are strongly influenced
by the property of zinc phosphate coatings. Morphorogy and structure, chemical components, ther-
mal property, solubility in alkaline solution, rehydration rate and electrochemical property of the
zinc phosphate coatings on aluminium alloy sheets were investigated as compared with those of

zinc phosphate coatings on cold rolled steel sheets and Zn—Ni alloy plated steel sheets.
1. The main crystal component of zinc phosphate coatings on aluminium alloy sheets was hopeite,
in which the one tenth part (in mol) of zinc seemed to be substituted by mangannese and nickel.
2. There were strong resemblances on the thermal property, the rehydration rate and the solubility

in alkaline solution between the zinc phosphate coatings on aluminium alloy sheets and those on

Zn—Ni alloy plated steel sheets.

3. The zinc phosphate coatings exhibited highly cathodic polarization in alkaline solution. It was

considered that the cathodic reaction on under-film corrosion would be inhibited by the zinc phos-

phate coatings.
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2. HEMELAESE

2.1 M L einE
2.1.1 &S

R LTV =20 4683, BEEET Y308
D GC45& GZA5TH %, LR SY % Table1 i/R L 7o
g oz o5 L s, wEsR (LT, CR
LWV, RUBK In-Nidsew - iR (FERE
30g/m? LI, SZEWH,) TH5bH,

Table 1 Chemical composition of aluminium alloys.

(wt%)
No. Alloy Cu Mg Zn Al
1 GC45 0.34 4.4 0.06 Bal.
2 GZ45 0.12 4.2 1.17 Bal.
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Fig. 1 Scanning electron micrographs (SEM) of zinc phosphate coatings on (a) GC45,

(b) GZ45, (c) CR and (d) SZ.
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Fig. 2 Scanning electron micrograph (SEM) of cross
section of zinc phosphate coating on GZ45.

L 7#80°C < 30min (1.8ks) L Tdp v, BEE
HBoBEBREEXAPTRENmMBES 20 ICBE L TR,
2.2.7 9BAE

) VBRI AR IE O S RIIE 1, #EME T &~ v T
fe Lctic, WeBRSoKER{bF bV 7 AVAH T pH %3.0
T U10.01c 3948 L 7201 wt % NaCl i o & (- s T,
B30 CIETIT» 1o SMBICIIAE%:, BABRKRIC I
MAox VEREH WK, £/, BAURBIIEHEER, 20
mV/min 20mV/60s) & L7z,

3. RERRLEER

3.1 REOFRESEERUEEERKR

) VBRSO RER, BEAEKCBEOHE%E
W EBATRIZIY EELNTWVWS, 20T, RIEOFERE
ZSEMEIE L/, ZOHEE%X Figlii/RULc, GC45&
Gz45133ki 2 ~6 um R OESRT, MERERR S
W oti, SZIE 2 ~4um DIRIRDOFERTH B0, TN
I =y AEEM GCASR U GZ45 & BIEMRIL > TV
720 —H, CRIE 1 ~3pm OFIREESETH » 7o, Fig?2
IR L GZ45 Lo R EWH O SEM BlE ¢, VY VB
MEpOFER I FRMER ICES L, FSRAIBHRARUHEZ
- T, BIRICERE L TWiz,

Zhoo ) vEBREREEOHEEERToiY, WE
OF FRV180°CT 30min (1.8ks) MBBORZESE X



258 T KR BE & R

# 8 October 1990

X-ray diffraction intensity (X 10% cps)
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Fig. 3 X-ray diffractograms for zinc phosphate coatings on (a) GC45,

(b) GZ45, (c) CR and (d) SZ.
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Fig. 4 Cristal unit lattice shapes of zinc phosphate coatings!'?.

Table 2 Chemical compositions of zinc phosphate coatings.

(wt%)
No. Alloy P Zn Mn Ni Fe
1 GC45 13.2 31.7 15 1.3 0.1
2 GZ45 11.6 34.1 1.8 1.4 0.1
3 CR 10.5 254 2.5 0.9 6.2
4 SZ 11.7 35.6 1.2 1.9 0.1
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Fig. 5 Differential thermal analisis (DTA) and thermo
gravimetry (TG) of zinc phosphate coatings on
(a) GC45, (b) GZ45, (c) CR and (d) SZ.
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Fig. 6 Rehydration ratio of zinc phosphate coatings.
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Fig. 7 Chemical stability of zinc phosphate coatings
in 0.1mol/dm?3 sodium phosphate solution.
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Fig. 8 Anodic polarization curves for zinc phosphate coatings on GC45.
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Fig. 9 Cathodic polarization curves for zinc phosphate
coatings on GC45.
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On-line O1l Film Thickness Measurement
of Prelubes on Can-Body Strip
by Fluorescence Intensity Method”

Nobuyuki Takahashi**, Atsushi Odake** and Hiroshi Kimura***

On-line measuring system for the oil film thickness of the prelubes on the canbody strip has

been developed. The system constructed by an ultraviolet lamp, a superhigh sensitivity TV camera,

an image processor and a data processing CPU is installed at the exit of electrostatic re-oiling

equipment. The principle of measurment is basically dependent on the method of the fluorescence

intensity.

The TV camera receives the fluorescence from the oil film on the strip. The image processor

estimates the intensity of the fluorescence, and then the data processing CPU determines the

thickness of the oil film according to the oil film thickness versus the fluorescance intensity curve

decided beforehand.

The satisfactocy accuracy of measurement was obtained by the on-line performance test.

1. Introduction

For the improvement of the lubrication of
the forming stage of the can-bady strip into
can-shape, re-oiling of a prelube with a base
of fatty esthers is necessary.

This re-oiling process is carried out continu-
ously by electrostatic re-oiling equipment, fit-
ted with spray nozzles across the entire width
of the strip. The uniformity or not of the thick-
ness of the prelube film affects whether bleed-
through or other such defects will occur and
so0 measurement of the thickness of the pre-
lube film is a vital part of control of the manu-
facturing process.

The methods of measurement so far used to
assess the thickness have been the following ;
weight measurement based on the difference
in weght before and after the removal of the
prelube film, FT-IR measurement” based on
the absorption of infrared light by the prelube

* This paper was presented at the STLE Annual
Meeting, Denver, Colorado, USA, May 7-9, 1990,

**  Technical Research Laboratories, Process .
Technology Department.

*#** Technical Research Laboratories, Process
Technology Department, Dr. of Eng..
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film, and the externally quenched air-counter
method® for low energy electron emission which
measures the photoelectrons emitted when ul-
traviolet light is applied.

All of these methods, however, are for off-
line measurement and thus examination of the
entire width and length of the strip are impos-
sible. Furthermore, in the case of the weight
measurement and FT-IR measurement consid-
erable time and effort are required, and in the
air-counter method there is the problem of a
limit to the thickness of film that can be meas-
ured.

The authors have proposed an on-line prelube
film thickness measurement method based on
the phenomenon of the fluorescence.

The principle of measurement is based on
the measurement of the fluorescence emitted
from the prelube film excited by ultraviolet
light. In othor words, the prelube filmis excited
by ultraviolet light and the fluorescence inten-
sity emitted when the excited molecules in the
prelube film revert to their ground state is
measured by the high sensitivity TV camera.
It’s effectiveness have been substantiated in
both on-line and off-line experiments.
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2. Experiment

On-line and off-line experiments was carried
out to substantiate the effectiveness of this
measuring methed. The purpose of off-line ex-
periment were to examine the influences of
prelube type, surface roughness, strip temper-
ature and intensity of light source on fluores-
cence intensity. The purpose of on-line experi-
ment were to apply this methol to the plant
and monitor the distribution of quantity of
prolube across the width and along the length
of the can-body strip.

The organization of the prelube film thickness
measuring system used in the off-line and on-
line experiments is shown in Fig. 1.

The system consists of an ultraviolet lamp
(UV lamp), ultraviolet lamp controller, high
sensitivity TV camera, TV controller, image
processor, high resolution TV monitor, CRT
and a 16-bit personal computer to control the

UV lamp controller

o O

TV camera
uv Iamp

Recorder

00

TV controller

Sheet

L]

TV monitor

%

Image processor

Printer

Fig. 1 Organization of the prelube film thickness
measuring system.

Table. 1 Specification of prelube film thickness
measuring system.

365nm
1500 yW /cm?

Ultraviolet Excited wavelength

light emitting

Maximum output

equipment at 650mm dis.
Vertical scanni
M G0Hz
freq.
Horizontal i
TV camera orizontal resolving 500 TV lines

power

Silicon intensified

Image pickup tube
target

Image processor | Image memory 640 485X 16 bit
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system and carry out calculations.

Specification of prelube film thickness meas-
uring system is shown in Table. 1.

The detecting unit consists of an ultraviolet
lamp and a TV camera. The ultraviolet light
source used to excite the prelube film is a high
pressure mercury lamp. Short wavelength ul-
traviolet light, harmful to the eyes, of less
than 330nm and visable light of over 390nm are
cut off by a band-pass filter and ultraviolet
light of mainly 365nm is emitted. The light
emitted is shone in a long narrow band.

The high sensitivity TV camera used to
measure the strength of fluorescence (fluores-
cence intensity) has sensitivity between 3X107*
to 2x1072 1x and its spectral response is in the
field of visible light with a peak of 500nm. The
TV controller has shading compensation which
compensates for image distortion at the edges
of the TV camera’s field of vision as well as a
multiple sensitivity adjustment. Fig.2 shows
the spectral response and the photoelectric con-
version of the high sensitivity TV camera used.

Fig. 3 shows the lay-out of the detecting unit.
The ultraviolet lamp is set vertically above the
sheet surface at height of 120mm. To protect
the TV camera from direct light from the ul-
traviolet lamp it is placed at an angle of 30-
degrees to the sheet surface, with a 350mm field
across the width of the strip.

The signal processing and image processing
unit consists of the image processor and the
presonal computer. The image processor takes
an image memory of the fluorescence image
of the TV camera and subtracts the light in-
tensity data obtained beforehand from the
unre-oiled strip, giving the fluorescence inten-
sity data from the prelube film (background
compensation).

Only the compensated fluorescence intensity
data from within the window set within the TV
camera’s field of vision is sent to the personal
computer, and the fluorescence intensity data
are obtained from top to bottom. The process-
ing time varies according to the vertical width
of the window but is, in effect, within a few
seconds. Fig. 4 shows the window set in this
experiment. The fluorescence intensity data of
a strip width of 300mm and a rolling direction
length of 100mm was processed.
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Fig. 2 Characteristic curve of image pickup tube.

The personal computer carries out the han-
dling and processing of the fluorescence inten-
sity data as well as controling the image proc-
essor.

The display unit consists of a TV monitor,
CRT printer and recorder.

The TV monitor displays the image from the
TV camera showing the fluorescence datefrom
the prelube film.

The CRT shows the values of the fluorescence
intensity data from within the set window.
Further the data of the maximum and minimum
values of the fluorescence intensity data and
the data from the 6 points in the horizontal
direction in the window are expressed in terms
of analog voltage.

Fig. 5 shows the examples of the TV monitor

35

3. Results and discussion

3.1 Off-line experiment

3.1.1 Differences according to prelube type

We investigated the relationship between the
fluorescence intensity and the quantity of pre-
lube in a number of different prelubes.

The measurement of the quantity of prelube
was done by weight measurement. Fig. 6 shows
the relationship between the fluorescence in-
tensity and the quantity of prelube alout the
two prelube types.

The fluorescence intensity is expressed as
the average value of the fluorescence intensity
for 100mm width unit (the data for each unit
coming from two measuring stations each
covering a 50mm width).

The positive relationship between the quan-
tity of prelube and the fluorescence intensity
of the different prelube was established and
it was confirmed that measuring the quantity
of prelube was possible through this system.
Fig. 6 shows the accuracy of the measurement
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Fig. 6 Relationship between the quantity of prelube and the fluorescence intensity.

is =(10~15%

3.1.2 Influence of surface roughness

We conducted a few-days sampling test on
a production line investigating the surface
roughness, Ra, at three points, the twe edges
of the strip (Op side, Dr side) and the central
section. The survey showed that the surface
roughness of the strip on the survey line was
nearly 0. 25~0. 4 ym Ra. Based on these results

36

we investigated the relationship between the
quantity of prelube and the fluorescence inten-
sity on two types of sheet with surface rough-
nesses 0. 25 pm Ra and 0. 40 um Ra.

The relationship between the fluorescence
intensity and the quantity of prelube measured
under the same conditions for the different
surface roughness is shown in Fig. 7. The sign,
A in Fig. 7 represents 0.25 pm Ra and the sigh,
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Fig. 7 Effect of surface roughness.

@, 0.40 um Ra. According to Fig. 7 the relation-
ship between the fluorscence intensity and the
quantity of prelube 1s the same even when
surface roughness is different. Therefore it
was concluded that surface roughness had no
effect on the measuring method being used.

3.1.3 Influence of strip temperature

As strip temperature can vary according to
the speeding up of the line or seasonal changes,
we investigated the relationship between strip
temperature and fluorescence intensity. The
result was that there was found to be no dif-
ferences in fluorscence intensity between the
temperatures of 298~313K.

3.1.4 Influence of intensity of light source

It was conceivable that over a period of time
there would be fluctuations in the brightness
of the ultraviolet lamp being used as anexciter.
Therefore we investigated the relationship
between the fluorescence intensity and the
strength of the ultraviolet source. At the same
time we investigated the distribution of the
strength of ultraviolet light within a window
of 300mm width across the strip width and its
effects. Three quantities of prelube were se-
lected, 1250mg/m?, 750mg/m? 150mg/m? The
strength of ultraviolet light was regulated by
varying the distance between the sample sheet
and the ultraviolet lamp. ’

Fig. 8 shows the relationship between the ul-
traviolet light intensity and the fluorescence
intensity. From Fig. 8 it is possible to discern
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the following ;

(1) There is a positive relationship between
the ultraviolet light intensity and the fluor-
escence intensity. If the ultraviolet light in-
tensity is reduced 109, the fiuorescence in-
tensity is reduced within 10%.

(2) This relationship is affected by the quantity
of prelube on strip i.e. the more prelube, the
less the reduction in the fluorescence inten-
sity in respect to reduction in the ultraviolet
light intensity. However, with the quantity
of prelube of less than 750mg/m?, even if the
ultraviolet light intensity is reduced 209,
the difference of the reduction in the fluo-
rescence intensity are within 5%.

Fig. 9 shows the relationship between the
distribution of the ultraviolet light intensity
and the distribution of fluorescence intensity.
However, at the time of the collection of the
above data, in order to obtain the basic data,
the shading compensation function was not
employed. Further, the quantities of prelube
was 730mg/m? and 280mg/m® From Fig.9 the
following can be discerned;

(1) The ultraviolet light intensity within the
window was symmetrical left/right and the
brightness at the edges was about 90% of
that in the middle.

(2) The fluorescence intensity at the edges of
the window was about 50% of that at the
middle and was greater than the amount of

100
$ 90L 1250mg/m?
> oo
:‘5
3
E 8ot . A
3
§ 750mg/m?
v
S 70
=
2
3 60 =
42 "/ 150mg/m?
50 L L 1 1
50 60 70 80 90 100

Relative UV light intensity (%)

Fig. 8 Relationship between the UV light intensity
and the fluorescence intensity.
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$ confirmed the relationship between the quantity

- :5; 100 of prelube'a‘nd the fluorescence intensity found

-8 9 ' ' in off-line experiments.

% ; 80 % E The whole length of the coil was investigated

g®  oF , : : : } o for how the prelube was applied for a coil with

100 | /m? 7 400mg/m? of prelube.

§ - ; 3.2.1 Distribution of quantity of prelube

% ! 280mg/m? i across the width of strip

g g 501 — The results are shown in Fig.11. It was dis-

E z o Window P covered that the pattern of fluorescence inten-

% 8 - i ? . sity was clearly related to the the pitch of the

R | . | , | P spray nozzles. Further, as Fig.12 shows, it

—200 —100 0 100 200

closely matches the results of a survey of the
distribution of the quantity of prelube meas-
Fig. 9 Distribution of UV light intensity and fluorescence ured by the FT-IR transmission method.

Location (mm)

intensity within ~"Window"". 3.2.2 Distribution of quantity of
prelube along the length of atrip
reduction of the fluorescence intensity ac- Tig.13 shows the distribution of the average
companying reduction of the ultraviolet quantity of prelube in a band of 300mm widthin
light intensity. It was suggested that this the center of the strip in its rolling direction.
might be the result of the optical influence There is a discernible difference in the average
of the wide-angle lens used in the TV camera. quantity of prelube between the top, center

In order to accurately measure the quantity
of prelube it is therefore necessary to. (1) en-
sure uniform emission of light from the ultra-
violet lamp across the strip width and, (2) have
shading compensation ability to compensate
for image distortion at the edge of the TV
camera’s field of vision.

3.2 On-line experiment

Examination equipment was installed at the Location
exit of the electrostatic re-oiling equipment

Fluorescence intensity

(a) Example of CRT display
and an on-line experiment was carried out.

Fig.10 shows an external photograph of the 1 Nozzle

measuring equipment. The on-line experiment /A\%/\S’/\A

10001 7

500} -

Ave. of quantity
429+ 50mg/m?

Quantity of prelube (mg/m?)

L 1 !

100 50 0 50 100 150

Location (mm)

2o 3 L R (b) Distribution of quantity of prelube
(a) Detecting unit (b) Electronic unit

Fig. 11 Distribution of quantity of prelube
Fig. 10 Prelube film thickness measuring system. across the width of strip.
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Fig. 13 Distribution of the average quantity of prelube along the whole length in center section of strip.

and end sections of a coil.

4. Conclusion

We confirmed the effectiveness of the method
of measuring the thickness of prelube film by
measuring the fluorescene intensity emitted
when ultraviolet light was shone on it, and
obtained following conclusion.

(1) The fluorescence intensity varies according
to prelube type, but measurement is possible
by using the oil film thickness versus the flu-
orescence intensity curve decided beforehand.

(2) Surface roughness and strip temperature
have no effect on the measuring results.

(3) To deal with changes in the ultraviolet light
intensity and reduction in the sensitivity of
the TV camera an automatic correction sys-
tem is necessary

(4) A shading compensation function is neces-
sary to adjust for image distortion at the
edges of the TV camera’s field of vision.

39

(5) In the re-oiling equipment, the quantity of
prelube on the top and the end sections of
the coil are not typical of the quantity of
prelube on the whole length of the coil, there-
fore, supervision of the entire coil length is
necessary.

(6) The accuracy of the measurement is esti-
mated at &= (10~15)9% in off-line experiment.

The method used may be adapted to not
only prelube film but also to a film with any
fluorescence molecules (e. g. paints) and it
is planned to improve this system and use
practically on the re-oilingline of our Nagoya
works.
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Aluminium Alloys for D & I Can Stocks

— Summary of Technical Progresses and Future Aspects —

Shin Tsuchida and Hiroki Tanaka

Technical progresses in the last two decades and future aspects of aluminium alloys for D &1
can stocks are summarized. Many kinds of technical developments have been tried and achieved in
both manufacturings of can stocks and cans in these years. The purpose of the technical develop-
ments has always been placed on cost reduction of aluminium D &1 cans, and it is certain that
the same aspect will become stronger in the future.

Up to this time, the cost reduction seems to have succeeded by the improvement of production
efficiencies and by the saving metals of a can. The enhanced quality of can stocks and the improved
techniques of can manufacturing have resulted in the high production efficiency of can making.
The most effective improvement on can stocks has been brought by the applications of new types
of ceramics filter and spinning nozzle inertfloating system in order to remove nonmetallic inclusions
from molten aluminium alloys for can stocks. Thus, the problems of possibility to be origin of
tear-off, pin-hole and/or split frange of cans have been overcome by these techniques. The metal
saving by gauge down of a can has been progressed by CAD and FEM. Light weight cans with
thinner gauge have been designed and produced using a conventional can stock. The body stocks
of higher strength, those have slightly different chemical compositions and/or age hardening
property refer to the conventionals, have not been yet popular but may diffuse in near future.

In next decade, the higher production efficiencies and the expansion of recycling of used beverage
cans seem to be keys for the cost reduction of aluminium D &I cans. Wide and long coil stocks,
weighing several times of current ones, will be valid to improve the efficiency of can manufacturing.
The mass production of larger coil stocks with highly controlled qualities will soon be the most
important work in rolling mills. The expanded recycling will have to be necessary for the conser-
vation of environment and as an energy saved metal source. New alloys, which will be developed
for the cost reduction, should satisfy the metal balance in recycling and the required high qualities
with rational cost.
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RUTERINELBE01E, B & 1TBRERV 2B
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woom W oo #

POA | sligsgs i S fbor | DA W h fhoe s hE®
(kg/mm?) (kg/mm?) (%) | (kg/mm?) (kg/mm?) (%)
(MPa) (MPa) (MPa) (MPa)

29.3 212 20 33.6 322 05

H19 1.18
(287)  (267) (329)  (316)
28.9 255 4.0 34.5 329 08

H39 1.29
(283)  (250) (338)  (322)
24.3 237 25 30.8 301 04

H16 1.27
(238)  (232) (302)  (295)
24.0 219 5.0 30.8 300 05

H36 1.37
(235) (215} (302)  (294)
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No.4 No.2+450°C X 360ks 224 40.4
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4.1 BERSRE
FEMICERENETER TV =9 2548%2K 5 IR
T, RF 4 MTRMnEMe2EALRS ET 5 364,
IV FMTREMg®2ERERT LT 5068, 2L T,
T 3Meg R AN LT E3AEMND LH, T
5055, RF 4 MITi33004, © ¥ FHICIZ5182X 13
5052, & 7H#Hci35082X 351820 R EEMEHH S h
b, FF 4 HMHDIMAEEE, VF A 7 VICELLEE
ELTIOTSEISKE T v 3 =9 e (AA) IBHS
Nitze Fio, 19854510 13310444 & 300444 & DhfEH
AR RE2AEM3004AE48 & LTEBHIN TV S, T
No5D S5, JISEK TIR300444 L3148 HES
NTWVWB,

T v P D505244 L53526413, MEXIEE T X
BRAF— VB3 E—ZEHED LS ITHERESEAKSTE L DE
WEERCHWS N, BAEZLELE T ADIHIIEME
Hahi, TEBLREAADPEEN AL L bIFHEX
nARETE, FREN~TRE (1 8E=1.013%
10°Pa) 1T A E0H D, =¥ FHICEEWEED
Bon 55182840 b > EoHENTVS,

5017848 3 KE 7 7 — XeEA5100% U 4 2 V&L
TERLERLLL DT, v FH&RF 4 2R~
W TIE3 b D/{ETH D A -V —F—T T VF
OBIMERDE| & F &0 5 ¥ 7R3, 508244, 51824
Enffbn T, B, BENTOERLED AT
44 vy THIZE, 72 ENIECESY» 5504288
PEREshBEIEBE L, ATy FHMESY THMHD
S&TISERKICH 2 D13, 5052, 5082&51820 K &4
TdH 5,

4.2 EBRMOZRES

WHICHEBELTWA A — VT =g LEEGHLT
HBE, —BEELOEP LI CEBONEERT A M T
b, BIEEOHID L FoLFERSOEFEERNIEILL
TWABI ENHMh 3, £6 3, 1975EEOTHRKEG13HE
O L198TEEOHREL2EEHO £ 7 1 M O {LEEKS
DEEERE, PHELEARUS/METHE LD T
BB, 1975MEEHICIZ T X THI00444 T, Si, Culdb i

®6  EWNHIREKRT 4 MRS E(
(wt %)

Si Fe Cu Mn Mg

_Fk

(ave.) 0.16 0.42 0.12 112 1.17
1975 | (min.) 0.13 0.29 0.09 1.00 0.98
(max.) 0.20 0.50 0.15 1.24 1.30

(ave.) 0.23 0.44 0.19 0.99 1.22
1987 | (min.) 0.16 0.39 0.12 0.92 1.08
(max.) 0.29 0.47 0.24 1.06 1.38

K EMICHEHENE TV =7 A6G0KEH

(wt %)
& | & Si Fe Cu Mn Mg Cr Zn Ti Al
3004 0.30 0.7 0.25 1.0-15 0.8—13 - 025  ee- Bal.
Wi | 3004A 0.40 0.7 0.25 0.8—15 0.8—15 0.10 0.25 0.05 Bal.
3104 0.6 0.8 0.05—0.25 0.8—14 0.8—-13 - 0.25 0.10 Bal.
5052 0.25 0.40 0.10 0.10 22—-2.8 0.15—0.35 0.10 oo Bal.
5082 0.20 0.35 0.15 0.15 4.0—5.0 0.15 0.25 0.10 Bal.
S 5182 0.20 0.35 0.15 0.20—0.50 4.0—5.0 0.10 0.25 0.10 Bal.
5352 Si+Fe : 0.45 0.10 0.10 2.2—-2.38 0.10 0.10 0.10 Bal.
5017 0.40 0.7 0.18—0.28 0.6-0.8 19—22 e e 0.09 Bal.
5042 0.20 0.35 0.15 0.20—0.50 3.0—4.0 0.10 0.256 . 0.10 Bal.
27| 5082 0.20 0.35 0.15 0.15 4.0-5.0 0.15 0.25 0.10 Bal.
5182 0.20 0.35 0.15 0.20—0.50 4.0—5.0 0.10 0.25 0.10 Bal.
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xR WHECER T 2 HEOILEERS
Hi& | % Si Fe Cu Mn Mg Cr Zn Al HE A4
A 0.17 0.34 0.12 0.98 0.97 0.02 0.04 Bal. 3104
i B 0.13 0.37 0.10 1.04 1.18 0.02 0.02 Bal. 3004
C 0.22 0.38 0.21 0.96 1.49 0.03 0.07 Bal. 3004A
D 0.30 0.40 0.25 1.04 1.36 0.02 0.17 Bal. 3004A
A 0.10 0.33 0.05 0.33 4.74 0.02 0.01 Bal. 5182
B 0.11 0.34 0.02 0.45 4.77 0.02 0.01 Bal. 5182
C 0.11 0.24 0.04 0.25 4.72 0.04 0.03 Bal. 5182
] D 0.10 0.22 0.03 0.23 4.54 0.04 0.03 Bal. 5182
E 0.07 0.22 0.02 0.12 481 0.10 0.01 Bal. 5082
F 0.08 0.23 0.04 0.39 4.55 0.03 0.03 Bal. 5182
G 0.12 0.19 0.03 0.22 4.56 0.03 0.01 Bal. 5182
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RiT 94 Fe, Si, Mno s

(PRI, pm)

o oE L & o g (mm)

B 4
(wt%) 10 30
. 0.20 3.36 3.24
' 0.30 431 400
0.40 3.36 3.24

Fe
0.55 3.85 3.79
0.85 3.68 2.81
Mn 1.05 3.85 3.21
1.25 413 4.00

a RT3, S5BE o BeE M i B L 72 Al-Mn-Felb &
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Outline of Our Wide Coating Line
for Can Lid Stock

Eiichi Endoh, Hideki Tanaka, Atsunori Fuse,
Shunji Kokubo and Fujio Akiyvama,

Our wide coating line has started up its operation in October of 1988,

This line was mainly designed to coat aluminium strip for can lid stock up to 1650mm wide with

line speed 200m/min.

This line is provided with Trimming and Leveling section, Surface treatment section, Coating

section, Curing section and Waxing section. Curing section consist of different type of oven

(catenary and flotation).

Additionally, this line has such various on-line inspectors to provide good products as surface

inspector, non-coating inspector, pinhole inspector etc.

Its production capacity is about 3000 aluminium tons in a month.
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SUMITOMO LIGHT METAL

ACTUAL PROFILES

SET SET TOL. AVERAGE ACTUAL TOL 2—
POINT MAX MIN MAX MIN SIGMA
TOP 2.00 +1.00 ~1.00 2.10 +0.20 -0.06 0.13
BOTTOM 2.00 +1.00 —1.00 2.00 +0.14 -0.12 0.15
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SUMITOMO LIGHT METAL
TREND DIAGRAMMS PAGE 8
SET SET TOL. AVERAGE ACTUAL TOL 2—
POINT MAX MIN MAX MIN SIGMA
TOP 2.00 +1.00 —1.00 1.67 —0.18 —0.50 0.18
BOTTOM 2.00 +1.00 —1.00 1.63 —0.13 -047 0.18
TREND DIAGRAM TOP
56 582 1108 1634 2159
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