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Etching Behavior of Aluminium and
Interfacial Impedance Characteristics
under Potentiostatic Condition

Atsushi Hibino and Kiyoshi Fukuoka

High purity aluminium foil with high density of etch pits for electrolytic capacitor is produced
by anodic dissolution in the hot hydrochloric acid solution.

The pit morphology and AC impedance characteristics were investigated under potentiostatic
condition for aluminium foil with (100) crystal orientation in Imol/dm?® hydrochloric acid solu-
tion at 363K. The impedance parameter of charge transfer resistance : Rct, reaction uniformity
parameter : 6 and time constant: 7, were estimated in the etching.

The increase of anodic potential leads to the increase of pit density, the increase of tunnel length
and the decrease of pit size in this experiment. The 7o value has a tendency to increase with
time, and then it becomes constant value, 0.4ms, which is independent on the etching potential.
In the steady state condition when regular pits with small size and long tunnel length can be ob-
tained, the 7, value should be small. In the case that 7, shows large constant value, pits pro-
ceeds to the direction around the walls of pit without any favorite direction. This means that the

change of 7, value were corresponded to the change of pit morphology formed at several poten-

tials.
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Fig.1 Experimental apparatus diagram of

impedance measurement.
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Fig. 2 The impedance plots of aluminum under various condition on complex planes.
The numbers denote frequency in Hz. Potential, E/mV, Charge, §/C cm™? and time, t/s are;
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Fig.3 Time dependence of R values under potentiostatic
etching in 1 mol/dm?® HCI at 363K.
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Fig.4 Relationship between R values and current
density under potentiostatic etching in 1 mol/dm?
HCl at 363K.

3 ERBRBLUEBE

Fig. 2123, BAL—860mV B& TF—920mV DO EBAL
Ty F 7 ULEBClEsSNIA v E—-5 v 28RO
BEZELERT, BohkA v -5y 2ffcizvy
NOBAK L 25DV —THELEL, BEBKRERTE
BHONV -7, I EABETRCEERIED T
WHEMOXMMEHE s N, BBEEov— 73 bichy
OEMIT L 0EME N 20, K¥EOFSIZF ol IEHE
Bihd o dTRELET 5, B —860mV OEAICIT
Ty FrrOMITE L bRBFEEOREMORIIKE LK
LTty &z, FOTHSAEREER
~BIT L, chiewl, —92mV Ty Fr oLtz
BARCEEERSENLTOBE NG vE~F v 2
PR IR AL EED S h - 12,

ARBRTE, Ihod v E—F 2Ly, kn3
RO S BETT N =y AOFERICHIET 52 EEZ SN
SABHOYHICEH L CERBIT T/ T1bb,

Anodic charge, Q (C/em?)

Fig. 5 Time dependence of @ values under potentiostatic
etching in 1 mol/dm?® HCl at 363K.
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Fig. 6 Time dependence of 7o values.
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Fig.7 SEM photographs of surface and cross
section at 20C/em®.
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The Effects of Small Addition of Titanium
on the AC Etching Phenomena
of High Purity Aluminium Foil

Kiyoshi Fukuoka, Shigeaki Sasaki and Masaharu Kurahashi

In this study, the effects of a very small quantity of titanium in the high purity aluminium foil

on the AC etching behavior were investigated.

Capacitance of the high purity aluminium foil containing 13ppm titanium was 15% lower than
that of the titanium free foil after 450s AC etching in the hydrochloric acid. The sponge structure
that is peculiar to AC etching, was not observed clearly and many pits collapsed down in the AC

etched layer at the 13ppm titanium containing foil.

The etch film, formed during cathodic half-cycle of AC etching, became thicker in proportion
to the titanium content. It can be inferred that thick etch film has a small number of weak points
in it, so the etch film in the AC etched foil containing 13ppm titanium had fewer weak points

compared with the titanium free foil.

Propagation of pits during AC etching is supposed that a single cubic pit is formed at the anod-
ic half-cycle and the pit wall is covered by etch film during the cathodic half-cycle following pit
formation. A second pit initiates at a weak point in the etch film and forms cubic pit during the
next anodic half-cycle. At this point, the etch film which has a few weak points affects pit propa-
gation mechanism and cause irregular sponge structure.
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Tablel Chemical composition of experimental alloys. (ppm)

Alloy Si Fe Cu Ti % Al
1.5 Ti 7 ) 33 1.5 99.995
7 Ti 8 7 35 6.9 99.993
13 Ti 10 6 36 13.1 99.992
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a) Electrochemical etching zone b) Chemical etching zone

¢) Electrode d) Aluminium foil
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Fig.1 A.C. etching cell (Indirect contact current supply) ¥
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® Graphite electrode

Fig.2 Apparatus schema for A.C. etching.
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Table 2 Experimental procedure for AC etching.

Surface 5%NaOH 60°C X 30s
treatment 30%HNO; RT X 60s
AC etching 12.5%HC1—0.6%H3PO4—0.5%HNO;4

32°C
25Hz Sine wave 20A/dm® X 450s

Etch film Conc. H3PO; 35ml/1—Cr0O; 20g/1
removal 85°C x 180s
Forming NH400C (CH2)s COONH, 150g/1

60°C
1 A/dm?, 20Vf
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Fig.3 Effects of titanium contents in 99.99% aluminium
before or after annealing at 673K on weight loss
during 600s immersion in 20vol % hydrochloric
acid at 353K.
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Fig. 4 Effect of titanium on the capacitance of A.C. etched
aluminium foil in hydrochloric acid.
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Fig.5 Effect of titanium on the weight loss during
A.C. etching.
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Fig. 6 Effect of titanium on the etching efficiency.
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Table3 Dissolved aluminium and Faraday effciency.

Alloy Dissolved aluminium| Faraday effciency
1.5 Ti—H 63.1 g/m? 106.3 %
7Ti—H 66.0 111.2
13 Ti—H 69.3 116.8
1.5 Ti—0 63.3 106.7
7 Ti—0 65.9 1111
13 Ti—O 68.7 115.7

as rolled foil

673K annealed foil
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Fig. 7 Surface and cross section of 450s AC etched foil in the hydrochloric acid at 305K.
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Fig. 8 Scanning electron micrographs of resin replicas of etched pits formed in 450s AC etched foil.
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Fig.9 Anodic polarization characteristics in deaerated
2.67% AlCl;3 solution at 303K.
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Table4 Electrical resistivity of the alloys
in liquid nitrogen. (4 Q -cm)

Alloy as rolled 673K anneled
15 Ti 0.260 0.247
7Ti 0.260 0.247
13 Ti 0.262 0.245
4. & =
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Fig. 10 Effect of titanium on the etch film formation
daring 4503 A.C. etching in hydrochloric acid.
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Fig. 11 Effect of titanium on the etch film formation ratio
daring 450S A.C. etching in hydrochloric acid.
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Effects of the Strain on the Pit Formation
Phenomena during DC Etching for the
High Purity Aluminium Foil

Kiyoshi Fukuoka and Nobuo Ohsawa

Capacitance of the high purity etched aluminium foil for electrolytic capacitores varies with
number, size, or distribution of the pits formed during DC etching in hydrochloric acid. ThesAe.
peculiarities of pits changes depend on the surface conditions of the aluminium foil, such as
defects of the surface oxide layer and the activated points of the aluminium foil.

Tensile strength of the high purity aluminium foil after annealing at high temperature is very
low and it is easily elongated under the very low tension. Capacitance of the DC etched foil some-
times changes for the foil with uncoiling and recoiling operation after annealing . At that time,
the distribution of pits is different compared with as annealed foil.

The influence of the strain on the pits distribution at the initial stage of the DC etching and on
the capacitance after DC etching in the hydrochloric acid were carried out.

(1) The pits distribution was uniform when the strain was in the range of 0% to 0.3%. And the
concentrating pits was observed in various places when the strain was over 1%.

(2) The capacitance increased to 6% when the strain increased up to 0.3%, but it decrease when
the strain was over 1%.

(8) It was infered from the experimental results, the concentrating pits disappeared for 2% strained
foil either when it was re-annealed in the argon gas atmosphere at high temperature or it was
made sulfamic acid treatment, that the concentrating pits caused by the defects of the surface
oxide layer formed under the tension.
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Fig.1 Apparatus schema for D.C. etching.
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Fig. 2 TYpical example of the stress-strain curve
obtained in tensile test on the annealed high
purity aluminium foil.
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Fig. 3 (111) Pole figures obtained in X-ray diffraction
of the as-annealed and the 2% strained foil after
annealing.
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Fig.4 Anode polarization curves of the 0% and 2%
strained foils in the tartaric acid and anmonium
solution at PH="T.
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Fig. 5 Scanning electron micrographs of replicas of pits formed 5sec DC etching in 1.5N HCl
solution for various strained foils. (45°tilt angle)
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Fig. 6 Effects of strain on 350V capacitance after DC
etching for various strained foils.
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of the 2% strained and re-annealed foil.

4. & Z=

4.1 BEEsER

Fig.3 &Fig. 4 ic/RLic ki, PR DB DOFIRY
& - THIS & RO A MBEAL LT &5, Fl5RY
BricBA SN 7ERfL, T3, REEBEOKRMEAE » b
DHFAERBICHEB L LHETE 5, INSOREOR
Ex2HRT 2HINT, 2%MUOOHELEHEO 0 %My
DFEA8IZK OATEES AT cEEM L, M
Fifl, BLUHERKT v F v /ROFIY » b ORAERE
ZHE L 72,

BEEIR O 2 WU OEOEESMHME, Fig. 81T,

2%

Fig.7 Scanning electron micrographs of 80sec DC etched foils in HC1—H2SO: solution for

0% and 2% strained foils.

16



Vo0l.36 No.3,No.4

BRTy FVv/HBOEy MERKBLETEHET VI =9 2HO5 RV U DE

137

03 T T T T T T
| after re-annealing
N;E) i
- 02}
< L
£
s 01}
5 A
O b
0 [ 1 1 H 1
—500 500 1500 2500

Potential (mvvs. SCE)

Fig.9 Anode polarization curves of the 0% and 2%
strained foils after re-annealing in tartaric
acid and anmonium solution at PH=17.
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Fig. 10 Scanning electron micrographs of replicas of
pits formed 5sec DC etching for the 0% and
2% strained foils after re-annealing.
(45°tilt angle)
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Fig. 11 Scanning electron micrographs of replicas of
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(45°tilt angle)
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Influence of Grinding Process on Phosphatability
and Filiform Corrosion Resistance of
Aluminium Autobody Panel

Chian-Tang Su and Takahiro Koyama

In car manufacturing, zinc phosphate system is applied, instead of chromate one, to the conver-

sion coating before painting aluminium panels, because of its compatibility both with steel and

aluminium. The phosphatability of Cu-containing aluminium alloy is deteriorated by grinding, if

grinding is applied to repair stretcher strain marks which occur on the aluminium panel surface

1n a press formation process. In this paper, the effect of grinding on phosphatability and filiform

corrosion was investigated by an electrochemical method. The results show that the deterioration

of phosphatability by grinding is due to the electrochemical deactivation of the aluminium sur-

face. The filiform corrosion, however, is mainly determined by surface morphology after grinding

rather than the quantity of phosphate film.
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Before acid pickling

After 60s acid pickling
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Fig. 6 EPMA image of surface Cu, O concentration with respect to acid pickling.
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Fig. 7 Effect of re-pickling on single phosphating
of aluminium alloy with grinding.
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Phosphatability and Corrosion Resistance
of Electroplated Aluminium Alloy Sheets
for Autobody

Takahiro Koyama, Hiroshi Ikeda, Takao Aimu and Yoshihiko Hobo

Electroplating has been expected to improve many properties of aluminium alloy sheets for au-

tobody. Phosphatability and corrosion resistance were investigated for non-plated, zinc plated and

zine alloys (Zn—Ni or Zn—TFe) plated aluminium alloy sheets. The phosphatability of the zinc

plated and zinc alloy plated aluminium alloy sheets was improved to the similar level to that of

zinc plated and zinc alloy plated steel sheets. Furthermore, the dissolution of AI’* ions into phos-

phate solutions was avoided when zinc or zinc alloy coating weight on aluminium was more than

5 g/m?®. In the sheets tested, the zinc plated aluminium alloy sheets showed the best corrosion re-

sistance after painting, while the non-plated sheets showed the second best, and the zinc alloy

plated sheets the worst. These results can be explained by the fact that the potential of the zinc

alloy coatings became noble than that of aluminium alloy substrates, when zinc was released

from the zinc alloy into the environment. The corrosion of the aluminium alloy substrates was

accelerated by galvanic corrosion between the substrates and zinc alloy coatings.
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Tablel Chemical composition of tested alloy. (mass%)

Si Fe Cu | Mn | Mg | Cr Zn Ti Al

0.06 | 0.10 | 0.33 | 0.16 | 448 | 0.04 | 0.01 | 0.05 | bal.

Table2 Zinc and zinc alloy coatings for electroplating.

Components Sublayer Surface layer
Composi- | Coating | Composi- | Coating
tion weight tion weight

Specimen (mass%) | (g/m?» | (mass%) | (g/m?)
SZ1, 2, 5, 10, 20 - = Zn—12%Ni (1, 2,5,10,20
FZ5, 10, 20 Zn—15%Fe| 5, 10, 20 | Fe—15%Zn 3
Z2, 10 - - Zn—15%Fe| 2, 10
F2, 10 - - Fe—15%2Zn| 2, 10
E2, 10 - - Pure Zn 2, 10
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Table3 Electroplating procedure.

Procedure Conditions

1. Acid pickling | 10 vol% HNOs, R.T., 30s

Commercially available zincate solution,

2. Zincating 20, 30
, 30s

The conditions are described in Table 4.

3. Electroplating

Table4 Electroplating conditions.

Coating composition
Zn—129%Ni|Zn—15%Fe|Fe—~15%Zn| Pure Zn

Conditions

Zn (mol/1) 0.5 0.5 0.05 1.5
Bath | pe(mo/d | - 1.0 1.0 -
compo-
... Ni (mol/D 1.0 - - -
sition

Na(mol/D 0.5 0.5 0.5 0.5
pH 1.7 17 1.7 1.7
Temperature (°C) 50 50 50 50
Flow rate (m/s) 0.2 0.2 0.2 0.2
Current density(A/dm®)| 20 20 20 20
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c) Z10 d) F10 p—m—mm]

(A) Various kinds of coating. (Pretreated with zincating.)

a) SZ5 (with zincating) b) $Z5 (without zincating) |

(B) Zn—12%Ni coating pretreated with and without zincating.

Fig.1 Surface morphologies of zinc and zinc coatings on aluminium alloy.

30
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e) Non-plated aluminium alloy sheet. f) Cold rolled steel sheet.
0.7g/m?, Hopeite type) (2.0g/m? Phosphophillite type)

g) SZ steel sheet. h) FZ steel sheet.
(2.29/m?% Hopeite type) (2.0g/m? Phosphophillite type)

Fig.2 Morphologies, coating weight (g/m®), and structure (Hopeite or Phosphophyllite)
of phosphate coatings on tested sheets.
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Table5 Paint adhesion test results.
(Numbers of remaining paint lattice after the tests:X/100)

. Before water | After water
Specimen o o
dipping dipping
SZ5 100 70
S710 100 60
Electro- S720 100 80
plated

FZ5 100 100

Al alloy
sheets FZ10 100 100
FZ20 100 100
F10 100 100
Non-plated Al alloy sheet 100 50
Cold rolled steel sheet 100 100
SZ steel sheet™ 100 80
FZ steel sheet™* 100 100

*  Zn—12%Ni plated steel sheet.
* * Two layer Zn—Fe plated steel sheet
(Sublayer : Zn—15%Fe, Surface layer : Fe—15%Zn).
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Zn—Ni, Zn—Fe coatings.

Table6 Couple current between electroplated Al

alloys and non-plated Al alloy.

(mA/m®

Before accelerated

After accelerated

Specimen corrosion test corrosion test
E10 +92.8 +58.8
SZ10 +66.8 —15.1
Z10 +94.1 —16.8
F10 —47.5 —11.3

+ : Electroplated Al alloy is anodic.

— : Electroplated Al alloy is cathodic.

(1)

Fe—15%7Zn % - B O EHES E L5 L

(F-ERE, BERR» o7 V=T e85
MhsHu =y 7ERERI LD EEI OGNS,
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Improvement of Wear Resistance of Reactive-
sintered TiAl—Mn Intermetallic Compound
by a Simple Oxidation Treatment

Masaki Kumagai, Kazuhisa Shibue and Tsutomu Furuyama

Titanium aluminides manufactured by reactive sintering have excellent oxidation resistance

because a small amount of chlorine which is introduced into the intermetallics from alkaline re-
duced titanium powder is effective to form protective alumina scale. Wear resistance of reactive-
sintered TiAl—Mn which was coated with oxide film was evaluated by a pin-on-disk type wearing
test. Oxide film was formed by using oxidation reaction in air at 1173K. Oxidized TiAl—Mn alloys
show much less wear loss than untreated ones. After the wearing test, oxide film remained par-
tially on Ti—47.3A1—1.7Mn. On the contrary, oxide film of Ti—43.2A1—1.6Mn was worn over.
The wear resistance in the latter was due to hard Ti-rich layer which was formed under oxide film
produced during oxidation treatment. Thickness of Ti-rich layer increased with titanium content
of TiAl—Mn or oxidizing temperature. It was considered that Ti-rich layer was hardened by oxy-
gen solutioning. Excellent wear resistance of the oxidized TiAl—Mn was caused by not only oxide
film but also Ti-rich layer. This superior wear resistant surface can easily be obtained by oxida-
tion in air of reactive-sintered TiAl —Mn containing chlorine. This surface treated TiAl —Mn

should be applied to exhaust valves of gasoline engines.
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Fig.1 Results of cyclic oxidation test of reactive-sintered
and cast Ti—47.3A1—1.7Mn.
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Tablel Chemical composition of specimens.

specimen Cl 0] Al Mn T
1
No. (mass%) | (mass¥%) | (mol%) | (mol%)
R36 0.06 0.1 36.0 1.4 bal.
R43 0.06 0.1 43.2 1.6 bal.
R47 0.06 0.1 47.3 1.7 bal.
R52 0.06 0.1 51.9 2.0 bal.
R45 0.02 0.1 45.0 1.6 bal.
145 0.00 0.08 45.1 1.6 bal.
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Fig.3 Schematic drawing of wearing test apparatus.
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Fig. 5 Changes in thickness and hardness of oxide scale
with oxidation temperature.
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Fig.7 Wear loss of the specimens in the wearing test.
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Fig.8 Appearance of surface bef ore/after the wearing test.
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Fig.9 SEM images and EPMA results on surface of oxidized Ti—43.2A1—1.6Mn
before/after the wearing test.
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Fig. 10 SEM image on the surface of oxidized
Ti—47.3A1—1.7Mn after the wearing
test.
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Fig. 13 Appearance of a TiAl—Mn gasoline engine valve

after oxidation treatment at 1173K for 18ks.
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Machinability of Reactively Sintered
Ti—43.4at%Al—1.6at%Mn
Intermetallic Compounds

Tsutomu Furuyama, Naoe Sasaki and Kazuhisa Shibue

In this report, Ti—43.4at%Al—1.6at%Mn intermetallics by reactive-sintering process using two
kinds of elemental titanium powders were prepared, one was made by Hunter process, and the other
was made by hydride-dehydride process. And the influence of cutting speed on cutting force, sur-
face roughness, tool wear and chip shape of these intermetallics using K10 and P10 tools were in-
vestigated. K10 was suitable for machining of TiAl compared with P10 at the point of cutting
force and tool wear. Cutting force was almost the same value as that of Ti—6Al—4V alloy at the
proper cutting speed. Surface roughness had no relation to cutting speed and the surface roughness
of TiAl showed almost the same value as that of Ti—6A1—4V alloy. The chip shape of TiAl was
discontinuous at the cutting speed from 3.6m/min to 42.2m/min.
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( Ti powder > (Al—Mn alloy powder>

60min

Degassing 107%Pa at 450°C

Extrusion

< Hot Isostatic Pressing > 1300°C —2h at 150MPa

Fig.1 Sample preparation

_Extrusion ratio=36

Tablel Chemical composition of specimens (at%).

Material Ti Al Mn v O{mass%)

Na—TiAl 55.3 43.1 1.69 - 0.07
HDH-TiAl | 55.5 42.8 1.63 - 0.09
Ti-6A1-4V*| 89.2 6.4 - 4.2 0.18

3% . mass%

Table 2 Mechanical properties of specimens.

Material |U.T.S.(MPa)|Y.S.(MPa) Elongation(%6)| Hv (98N)

Na—TiAl 631 558 0.64 268
HDH-TiAl 695 583 0.80 261
Ti~6Al-4V 1039 943 15 329

Fig. 2 Microstructures of specimens.
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Table3 Testing conditions.

Specimen size ¢ 28X 300mm

Carbide

Tool material
(K10 and P10)

Depth of cut 0.5mm

Tool geometry 0—5—-11—-11-30—0-04

Feed 0.1mm, rev

Cutting speed 3.6~42.2m  min

Cutting time 30s

Cutting fluid none
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Fig.3 Influence of cutting speed on cutting
force Na—TiAD.
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Fig.4 Comparison of cutting force between TiAl
and Ti—6Al—4V (Tool : K10).

Ti—6Al—4V

Na—TiAl
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221
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Fig.5 Comparison of chip shape of Na—TiAl
and Ti—6Al—4V.
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Fig. 6 Influence of cutting speed on tool wear.
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Fig.7 Influence of cutting speed on surface roughness.
(Tool : K10)
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Fig. 9 Influence of cutting speed on the ratio of
radial force and primary cutting force.
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Electrolytic Multi-Coloring of Aluminium

Shirou Takasuna and Yoshiaki Watanabe

Electrolytic coloring has been known for years. In this technique, porous anodic oxide film for-

mation is the first step. During the second step, small particles of inorganic materials, usually
metals, are deposited electrolytically in the pores of the film. Although electrolytic coloring pro-
vides color finishes, the colors obtained are limited only to bronzes and a black. In 1970, elec-
trolytic coloring took yet another turn with the development of a new technique,“electrolytic

multi-coloring”, which depends on optical interference effects and provides a wider range of col-

ors. In this technique, intermediate electrolysis is carried out between anodizing in acid, usually

sulfric acid, and electrolytic coloring, by using a phosphoric acid or sulfric acid bath. In this re-

view, recent studies and progress of the electrolytic multi-coloring are introduced.
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Coloring of Anodic Oxide Coatings on Titanium

Takashi Onaka

Coloring anodic oxide films of titanium, based on interference principle,are commonly used as
a coloring method of titanium for architectural applications. Although these films are very color-
ful and vivid, they do not provide enough durability because their thickness is rather thin due to
the limitations of the interference principle. The main coloring technique developed through our
investigations was to obtain the electrolytic coloring films whose thickness was of the order of
pm and of the high durability.

The electrolytic coloring of titanium was investigated at the voltage exceeding spark discharge
voltage by using the baths containing phosphoric acid, sulfuric acid, and an additive such as co-
balt (II) sulfate, nickel (II) sulfate, chromium (1) sulfate, ferric (1) sulfate, copper (1) sul-
fate and aluminium sulfate. As a result, the coloring films corresponding to the oxide (hydrate)
of the additive of metallic salts were obtained. As for the coloring mechanism of the films, it
was considered that metallic ion was fixed into the film as the state of metal oxide (hydrate) by
heat-melt adhesion after heat-hydrolysis of metallic ion, due to the local exothermic reaction by

spark discharge.
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Sumitomo Light Metal Technical Reports, Vol. 36, No. 3,No. 4 (1995), pp. 171-175

Printing and Adhesion Property of Coated
Aluminium Sheets for Ultraviolet Curing Ink

Kazuhiro Hanaki and Norihisa Isomura

Printing and adhesion property of coated aluminium sheets for ultraviolet curing ink were ex-

amined. Friction coefficients between coated aluminium sheets and steel balls were also studied.

Coated sheets with inner lubricants that have low friction coefficients showed poor ink printing

and adhesion property. The addition of polyolefin, colloidal silica and lithium silicate to an epoxy-

acrylic water-borne coating changed the adhesion property and the friction coefficient of original

coating.
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Sumitomo Light Metal Technical Reports, Vol. 36, No. 3,No. 4 (1995), pp. 176-183
Surface Modification of Aluminium Alloys
by Thermal Spraying
— Formation of Hard Coating —

Shuichiro Kato

It is expected that the demand of aluminium alloys for automobile parts and other machinery

parts will increase along with the recent trend toward lighter products. However, if aluminium

alloys are used for those parts, the surface must be modified with thick and hard layers so as to

improve resistance to wear. For satisfying this requirement, the surface modification by means

of thermal spraying is one of the most effective methods. This paper reviews recent developments

and practical applications on the formation of hard coatings on aluminium alloy substrates by

means of thermal spraying. The topics are as follws:

1) Advanced improvement methods for the adhesion between thermal sprayed coating and alu-

minium alloy substrate.

2) New applications of thermal sprayed coatings to automobile parts made of aluminium alloys.

3) Advanced new processing for thick and hard coatings on aluminium alloy substrates.
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*2 Low Pressure Plasma Spraying
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Sumitomo Light Metal Technical Reports, Vol. 36, No. 3,No. 4 (1995), pp. 197-202

Experience of Modified APF Condenser Tubes

Tetsuro Atsumi and Koji Nagata

To protect copper alloy condenser tubes from corrosion in sea water, an artificial protective
film (APF) by coating with organic resin onto a tube inside has been developed. Since 1976, ap-
proximately 370,000 APF tubes have been delivered, and their performance was considered to be
nearly satisfactory. At the initial stage of development, however, film of APF tubes suffered
from blistering,“peeling off at the both tube ends due to the excess cathodic protection. This phe-
nomenon, so called cathodic delamination, was successfuly improved by the increasing permeabili-
ty of APF film. Modified APF tube shows not only increased resistance against cathodic delami-
nation without any deterioration of corrosion resistance but also enhanced heat transfer rate
compared with conventional one. By 1994, 120,000 modified APF tubes have been delivered and
four units of all modified APF tubes condenser have realized. Performance records of modified

APF tubes are satisfactory.
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Sumitomo Light Metal Technical Reports, Vol. 36, No. 3,No. 4 (1995), pp. 203-207

Next Generation Magnetic Hard Disk Substrate
—Substrate Surfaces for Low Flying Height Heads—

Makoto Yonemitsu and Hiroshi Hatakeyama

In order to increase the recording density of a magnetic hard disk, new revolutionary technolo-

gies such as thin-film media, MR (magneto-resistive) heads and PRML (partial response maxi-

mum likelihood) have been developed. Since these media require a low flying height, Ni—P plate

/polished substrate surfaces must be precisely flat and smooth. We have developed a Ni—P sub-

strate that has flat and smooth surfaces called “Super polished substrate”. The surface roughness

is less than 10 A in Ra.
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Sumitomo Light Metal Technical Reports, Vol. 36, No. 3,No. 4 (1995), pp. 208-213
Oxidation Degradation of Cross-Linked
Polyethylene and Mechanisms of Oxidation
Protection by Antioxidants

Shinobu Suzuki and Yoshiaki Watanabe

Cross-linked polyethylene has been variously produced from a thermoplastic polyethylene raw

material. Through cross-linking, chemical bond and three-dimensional network are formed among
the long molecular chains of the polyethylene raw material. By selecting the raw material and re-
forming the molecular structure, we can obtain the cross-linked polyethylene which has superior

resistance to chemicals, heat, creep and environmental stress cracking. Due to these superior

properties of the polymer and its advantages over metals, cross-linked polyethylene pipes have

been found in ever-increasing use for water-supplying systems. Demands for increasing the dura-

bility of the cross-linked polyethylene piping, however, are still very keen, especially for high-tem-

perature hot water supply applications. This review describes the production methods and oxida-

tive degradation of cross-linked polyethylene, and mechanisms of the oxidation protection by an-

tioxidants. The concept for optimizing the antioxidant system in cross-linked polyethylene pipes

for water-supplying is also described.
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