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Die Erzeugung der anodischen Oxidschichten
mit Figenfarbung auf Aluminium in Schwefelsiure*

Von  Yoshikatsu Hayashi**

Durch Anwendung der speziellen Anodisationsbedingungen, “Recovery Prozef” wurden
die eigengefdrbten Oxidschichten in Grau bis Schwarz hergestellt. Die unter den verschiedenen
Bedingungen ausgelagerten Al-Mg-Si Legierungen wurden erst in Schwefelsiure bei einer
konstanten Badspannung von 15 V anodisiert, dann anschliefend in derselben Losung bei
einer konstanten Badspannung von 4 V anodisiert. Es war zu erkennen, daf eine Beziehung
zwischen der Menge an Mg.Si-Ausscheidungen und Farbintensitit der anodisch erzeugten
Oxidschichten gibt. Durch elektronenoptische Untersuchungen konnte gezeigt werden, dap die
eigengefarbten Oxidschichten rauhe Grenzen zum Grundmetall hin hatten. Dafiir kénnte der
folgende Mechanismus angefiihrt werden. Der Strom greift zunichst Mg:Si an, dann l6st sich
die Sperrschicht selektiv an der Stelle auf. Griibchen, Koloniestruktur der Poren, nehmen zu;
dadurch wird die Grenze der Oxidschichten rauh.

Integral-color oxidefilms of grey to black in color were formed by using special conditions
for anodizing,“recovery process”. Al-Mg-Si alloys aged under various conditions were anodized
at 15 V in sulfuric acid solution, followed by anodizing at 4 V in the same solution.

It was found that the color intensity of anodic oxide-films was related with the quantity
of Mg.Si precipitates.

It could be shown from electromicroscopic examinations that the integral—colo:r oxide-films

have rough interfaces against base metals. Following mechanism could be considered.

The current attacks at first Mg.Si precipitates and dissolves barrier layer.

Small pits,

colony structure of pores, increase; oxide/metal interface becomes rough.

1. Einleitung

Es ist bisher bekannt, dapf der anodische Strom,
wenn die Badspannung wahrend anodischer Oxidation
plotzlich herunter gesetzt wird, erst nicht flieft
und im Laufe der Zeit erholt er sich, dann er einen
stationdren Zustand erreicht. Dieses Phidnomen ist im
allgemeinen“Recovery Effekt”genannt. Uber die Verb-
reitung der Protonen in der Oxidschicht®, die Auflésu-
ng der Sperrschicht?, die Anderung der Stuktur der
Oxidschicht® * und so weiter sind von einigen Forsc-
hern schon Verdffentlichtungen gemacht worden.

Kuroda hat gefunden, dap dieser Recovery Effekt
eine Farbung der Oxidschicht ermdglicht® : hierzu
wird erst eine Oxidschicht in verdiinnten aromatisc-
hen Sulfonsdure hergestellt und dann diese wihrend
des Recovery Prozesses in denselben Elektrolyten

*Vortrag, gehalten auf der 52. Tagung der Metal Fini-
shing Society(Japan) Tokyo, November 1975.
J. Metal Finishing Soc., Japan, 27 (1976), 344.
**Technische Forschungslaboratorien
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mit gewohnlicher Konzentration reanodisiert. Dabei
verstdrkt sich die Farbe der Oxidschicht.

Es ist sehr zu wiinschen, die anodische Oxidschicht
mit Eigenfarbung auf Aluminium in normalem Sch-
wefelsdurenbad zu erzeugen. Farbanodisationsverfa-
hren sowie Kalcolor®, Duranodic” oder Sumitone®
kostet zu viel wegen der Anwendung der speziellen
Elektrolyten, obwohl das, harte und witterungsbe-
stindige Farboxidschichten ergibt.

Takahashi und Mitarbeiter haben hingewiesen,
dag die Farboxidschicht im Schwefelsdurenbad mit
pulsierendem Strom hergestellt wird®. Der Verfasser
hat veroffentlicht, dag auch durch Anwendung des
Recovery Prozesses die Farboxidschicht im Schw-
efelsdureelektrolyt erzeugt wird'®.

In dem vorliegenden Bericht wird der Einflug der
Auslagerungsbedingungen von Al-Mg-Si Legierun-
gen auf Farbtonskala der erzeugten Oxidschichten
untersucht. Die Ursache der Farbe wird auch in
Betracht gezogen.
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2. Versuche
2.1 Herstellung des Profils

Fiir die Untersuchungen wurde ein Prefbarren des
Typs AlMgSi0,5 mit 68 mm Dmr. und 200 mm Lénge
hergestellt. Die Ergebnisse der Spektralanalyse
sind in Tafel 1 zu finden. Dieser Prefbarren wurde

Tafel 1: Zusammensetzung der Al-Mg-Si Legierung
Table 1: Chemical composition of Al-Mg-Si alloy

Bestandteil Mg Si Fe Mn Ti Zn Cu

Gew.~% 049 042 0,11 <0,01 <0,01 <0,01 0,01

8 h bei 540 °C gegliiht, und dann zu Profile von 3
mm Wanddicke und 25 mm Breite verpreft, die am
Pressenauslauf mit der Luft gekiihlt wurden. Die

Warmeauslagerung erfolgte bei Temperaturen zwis-

chen 180 und 260 °C, und fiir 0,5 bis 8 h. Nach dem
Beizen in 10 Gew.-% Natronlauge bei 60 °C fir 1
min, dem Neutralisieren in einer Salpetersdurelsu-
ng, dem Spiilen und der Trocknung, wurden diese
Profilabschnitte zu den Untersuchungen verwendet.

2.2 Anodische Oxidation

Die Proben wurden erst in {iblicher Weise in einem
Schwefelsidureelektrolyt mit 15 Gew.-% H.SO.-Gehalt
bei einer Temperatur von 2041 °C anodisiert. Die
Gleichspannung wurde bei 15 V gehalten. Nach der
Elektrolyse von 10 min wurden die Proben anschli-
efend in demselben Elektrolyt bei einer Gleichspan-
nung von 4 V 25 min anodisiert. Dabei wurde der
Stromlauf registriert. (Dieses Anodisationsverfahren
wird in dem vorliegenden Bericht “Recovery Prozep”
beschrieben.) Um die Farbtonskala zu vergleichen
wurden die Proben teils in iiblicher Weise in einem
15 Gew.~% igen Schwefelsdureelektrolyt bei einer
Gleichspannung von 15 V 24 min anodisiert (Oxid-
schichtdicke etwa 6 pm).

2.3 Farbtonskalamessung

Mit einem Farbunterschiedapparat (Nippon Den-
shoku Ind. Ltd.) wurden die L-, a- und b-Werte
der anodisch erzeugten Oxidschichten abgemessen.
Fiir die Rechnung des Farbunterschieds wird im
allgemeinen der Wert 4E=+/(4L)*- (da)*+ (4b)*
benutzt, jedoch wird hier nur L-Wert verwendet;
da die Farbtone der anodisch erzeugten Oxidschich-
ten von Hell- bis Dunkelgrau bis Schwarz reichten,
waren die beiden Glieder, 4a und 4b sehr gering.

2.4 Hirtemessung der Legierungen

Gemessen wurde die Hiarte der ausgelagerten
Legierungen nach dem Vickers-Hartepriifverfahren
mit einer Prifkraft von 5 kg.

2.5 Elektrische Leitfahigkeit

Nach der Norm JIS H 0505 wurde die elektrische
Leitfahigkeit der ausgelagerten Legierungen mit
Sigmatester gemessen.
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2.6 Lichtmikroskopische und elektronenoptische
Untersuchungen

Mit dem Metallmikroskop wurden die geatzten
Schliffproben und die Oberfliche der anodisch
erzeugten Oxidschichten gepriift. Das Rasterelektro-
nenmikroskop wurde fiir Untersuchungen an der
Grenze der Metall-Oxidschichten verwendet, wozu die
Oxidschichten in einer Mischlésung aus Phosphor-
und Chromsiure abgezogen wurden.

2.7 Elektronenstrahl-Mikrosonde

Betandteile der anodischen Oxidschichten wurden
mit einer Elektronenstrahl-Mikrosonde untersucht.
Zur Untersuchung wurden die auf spezielle Weise
hergestellten Oxidschichten verwendet; die eine
wurde in Schwefelsdurelésung bei einer konstanten
Spannung von 4 V wihrend 180 min anodisiert
(Schwarz, Oxidschichtdicke 7 pm), die andere in
demselben Elektrolyt bei einer konstanten Spannung
von 15 V wihrend 40 min (Neusilber, Oxidschicht
dicke 10 zm). Dabei wurden die bei einer Temperatur
von 220 °C iiberausgelagerten Proben verwendet.

3. Versuchsergebnisse

3.1 ERinflup der Auslagerungsbedingungen auf Farb-
tonskala der anodisch erzeugten Oxidschichten

Im Laufe der Zeit nimmt der Strom wihrend des
Recovery Prozesses allmahlich zu, und bald erreicht
er nach dem plétzlichen Zunehmen einen stationédren
Zustand (Bild 1). In dem vorliegenden Bericht wurde
der anodische Strom abgeschaltet, ehe er einen

Ui

Spannung

Uz

Stromdicht

Anodisationszeit

Bild 1: Schematische Darstellung der Spannung und
der Stromdichte withrend des Recovery Prozesses.

Fig. 1: Schematic diagram of voltage and current density
during recovery process.

stationdren Zustand erreicht hatte. Bild 2 zeigt Zeit-
Stromdichte-Kurven wihrend des Recovery Prozesses.
Mit zunehmender Auslagerungstemperatur und -zeit
nimmt im Bereich von 200 bis 240 °C die erreichbare
Stromdichte zu. Fiir die bei 260 °C ausgelagerten
Proben, ist die Maximalstromdichte bei2h zu finden.
Im Falle der bei 180 °C ausgelagerten Proben, war
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Bild 2: Einflup der Auslagerungstemperatur und -Zeit
von Al-Mg-Si Legierungen auf Zeit-Stromdichte
-Kurven wihrend des Recovery Prozesses.

Fig. 2: Effect of ageing temperature and time of Al-Mg-Si
alloys on current density-time curves during

recovery process.

das “Strom Recovery” nicht in Betracht gezogen.
Eine Beziehung zwischen der Farbtonskala der
Oxidschichten und der Stromdichte nach “Strom
Recovery” von 25 min wurde gefunden (Bild 3). L-Wert
zeigt die Farbtonskala der Oxidschichten, wobei
eine Beziehung wie folgt beobachtet wurde: <50
Schwarz, 50-70 leicht bis tief Grau, >70 farblos.
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Bild 3: Eigenfirbung der anodisch erzeugten Oxidschic-
hten in Abhingigkeit von Stromdichte nach
“Strom Recovery” von 25 min.

Fig. 3: Relation between the color of anodic oxide-films
and current density after current recovery for
25 min.

Auslagerungsterhr)eratur in

In Bild 4 ist der Einflug der Auslagerungsbedingu-
ngen der Al-Mg-Si Legierungen auf L-Werte der
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Bild 4: Einfluf der Auslagerungsbedingungen von
Al-Mg-Si Legierungen auf die L-werte der
erzeugten Oxidschichten.

Fig. 4: Effect of ageing conditions of Al-Mg-Si alloys
on L-values of oxide films.
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erzeugten Oxidschichten dargestellt. Obwohl die
Farbtonskala der anodisch erzeugten Oxidschichten
mit zunehmender Auslagerungstemperatur und -zeit
zunimmt, ist das Maximum der Farbtonskala bei
einer Auslagerungstemperatur von 260 °C und einer
Auslagerungszeit von 2 h zu erzielen. Der Einflup
von Strom Recovery auf die Farbtonskala der
anodisch erzeugten Oxidschichten ist auch in Tafel
2 zu finden. Die bei 180 und 260 °C ausgelagerten

Tafel 2: Vergleich der Farbtoéne der Oxidschichten
Table 2: Comparison of the color of oxide films

Verfahren oAélslagerung* Farbténe
GS-Verfahren 180 farblos
260 grau und
ungleichmagig
Recovery 180 farblos
Prozep 260 schwarz und
gleichmipig

*gelagert fir 2 h.

Proben wurden durch zwei Verfahren anodisiert;
das eine ist ein normales Schwefelsdureverfahren,
das andere der Recovery Prozef. Man kann auch
durch normales Schwefelsdureverfahren eine gefdr-
bte Oxidschicht erhalten, deren Farbung aber leicht
und ungleichm&gig ist.

3.2 Struktur der farbigen Oxidschichten

Bild 5 zeigt die elektronenoptische Aufnahmen
der Oberfliche des Grundmetalls an der Grenze zur
Oxidschicht. Dabei ist die Oxidschicht der Probe a
farblos, d schwarz wie Bild 4 zeigt. Mit zunehme-
nder Auslagerungszeit nehmen Gritbchen zu, die
nicht auftreten, ohne “Strom Recovery” Behandlung.
Im Bild 6 gibt es die lichtmikroskopische Aufn-
ahmen der Oberfliche der anodisch erzeugten
Oxidschichten auf Al-Mg-Si Legierungen. Es ist zu
beobachten, daf es an den Korngrenzen farblose
Teile bei einer Auslagerungszeit von 8 h gibt. In
der Aufnahme; weiB.

Die Elektronenstrahl-Mikrosonde Analyse ergab
einen merklichen Unterschied der Zusammensetzung

Bild 5: Elektronenmikroskopische Aufnahmen der Grenzschichten
zwischen den Metallen und den Oxidschichten. Aluminium-
legierungen wurden bei 220 °C
(a) fiir 1 h, (b) fir 2h, (¢) fir 4 h und (d) (e) fiir 8 h
ausgelagert.

Fig. 5; Electron micrographs of metal-oxide interfaces.
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(a) farblose

Oxidschicht

(b) gefdrbte
Oxidschicht

Bild 6:

Fig. 6:
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Mikrographische Aufnahmen von der Oberfliache
der erzeugten Oxidschichten auf Al-Mg-Si
Legierungen:

(a) ausgelagert bei 220 °C fiir | h.

(b) ausgelagert bei 220 °C fiir 4 h.

Micrographs of the surface of anodic oxide films
on Al-Mg-Si alloys.
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Elektronenstrahl-Mikrosonde Analyse von der
farbigen Oxidschicht(A) und der farblosen
Oxidschicht(B). Almuiniumlegierungen wurden
bei 220 °C fiir 8 h ausgelagert. Die Anodisation
wurde bei der konstanten Badspannung von
(A) 4 V und (B) 15 V.

EPMA analysis of the colored oxide film(A) and
the colorless oxide film(B).

der Oxidschicht; der O- und S-Gehalt der farbigen
Oxidschicht wurde zu 18 und 14 Gew.-%, festges-
tellt, 50 und 5 Gew.-% in der farblosen Oxidschicht
(Bild 7).

4. Diskussion der Ergebnisse

Die auf Bild 4 dargestellte Beziehung zwischen der
Farbtonskala der Oxidschichten und den Auslager-
ungsbedingungen zeigt, dap die Farbung von der
Phase Mg.Si abhingt. Die Aushértung der Al-Mg-Si
Legierungen ist auch darauf zuriickzufiihren (Bild 8).
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Bild 8: Anderung der Vickershirte von Al-Mg-Si Legi-
erungen wihrend der Auslagerung bei 180, 200,
220, 240 und 260 °C.

Fig. 8: Change of vickers hardness of Al-Mg-Si alloys
during ageing at 180, 200, 220, 240 and 260 °C.

Bilder 4 und 8 weisen hin, dap zur Erzeugung der
eingefarbten Oxidschichten eine Uberlagerung
erfolgreich ist. In Bild 9 sind die lichtmikroskopis-
chen Aufnahmen der Gefiige der bei 220 und 260°C
ausgelagerten Legierungen gezeigt. Feine Mg.Si
Teilchen sind in Bild 9a im Innern der Kristalle
vorhanden. Im Verlauf einer Auslagerungszeit
treten an den Korngrenzen ausgepriagte Ausschei-
dungsdichten auf (Bild 9b). Nach einer Auslageru-
ngszeit von 8 h bei 220°C sind zahlreiche Teilchen
zu erkennen (Bild 9¢). Bei 260 °C erscheint nach 8
h die Phase 8 (Bild 9d). Die Menge an Mg.Si-
Ausscheidungen 14t sich durch die elektrische
Leitfdhigkeit der Proben errechnen (Bild 10).

Bei der vorliegenden Legierug steigt die elektri-
sche Leitfihigkeit tiber 180°C im Laufe der Zeit.
Bild 11 zeigt eine Beziehung zwischen der elektri-
schen Leitfdhigkeit und dem L-Werte der erzeugten
Oxidschichten. Der Einflug der Phasenumwandlung
auf Fidrbung der erzeugten Oxidschichten muf
deshalb beriicksichtigt werden, weil im allgemeinen
zu erkennen ist, daj es bei Al-Mg-Si Legierungen
wiahrend einer Auslagerung eine Umwandlung G.P.
-Zonen —> f’~Zonen —> f-Zonen gibt'® : Einige
Forscher zeigen das Auftreten der B-Zonen nach
einer Auslagerung von 260°C fiir 3 h und der
f-Zonen, 220°C fiir 5 h'®. Diese Phasenumwanlung
kann aber auf die Firbung wenig einwirken, weil
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() (b)
Bild 9: Mikrogefiige der Querschnitte der unter den verschiedenen Bedingungen
ausgelagerten Al-Mg-Si Legierungen.
(a) 220°C, 2h (b) 220°C, 4h (c) 220°C, 8h (d) 260°C, 8h
Fig. 9: Micro-structures of cross-sections of Al-Mg-Si alloys aged under various

conditions.
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Bild 10: Anderung der elektrischen Leitfihigkeit von
Al-Mg-Si Legierungen wihrend der Auslagerung
bei 180, 200, 220, 240 und 260 °C.

Fig. 10: Change of electrical conductivity of Al-Mg-Si
alloys during ageing at 180, 200. 220, 240 and
260 °C.

die beiden Proben in Bild 9a und 9b gleiche Farbung
der Oxidschichten ergeben.

Bei der Anodisation auf Al-Mg-Si Legierungen
sind einige Oberflichenfehler, zum Beispiel, Triibung
oder ein schwarzer Punkt zu beobachten''*'®, Die
Ursache dieser Fehler liegt in der Verschiedenheit
der Menge der Mg.Si-Ausscheidungen. Derselbe
Mechanismus kann auf Farbung durch den Recovery
ProzeB angewendet werden, obwohl der Recovey
Prozep einige Merkmale hat, wie folgt; die Farbung
ist gleichmdpig, und die Skala hingt nicht von der
Schichtdicke ab (Tafel 2). In Bild 5 ist ein Verhi-
ltnis zwischen der Struktur der Oxidschichten und
der Farbung gezeigt: je tiefer die Oxidschicht
gefdrbt wird, desto rauher ist die Oxidschicht an
der Grenze zum Grundmetall. Dafiir kénnen die
folgenden Griinde angefiihrt werden.

Wood und Mitarbeiter'®, Takahashi und Mitar-
beiter® haben festgestellt, dag die in einer Phosp-
horsdure- oder Oxalsdure- I6sung anodisch erzeugten
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Bild 11: Beziehung zwischen der elektrischen Leitfihigkeit
von Al-Mg-Si Legierungen und den L-Werten der
erzeugten Oxidschichten.
Fig. 11: Relationship between electrical conductivities of
Al-Mg-Si alloys and L-values of oxide films.

Oxidschichten durch den Recovery Prozef eine
Koloniestruktur haben.

Ono und Mitarbeiter wiesen mit der in Chromsi-
urelosung erzeugten Oxidschicht eine &hnliche,
jedoch eine zweigige und koloniale Struktur der
Poren auf'”.

In Bild 5a bis 5c¢c hat jedes Griibchen einen Durc-
hmesser von etwa 0,5 um. Dessen GroBe steht im
Verhiltnis zur Grépe der Koloniestruktur, dag man
die Koloniestruktur voraussetzt. Mg.Si-Ausscheidu-
ngen konnen bei der Farbung eine wichtige Rolle
spielen: der Strom greift zunichst Mg.Si-Ausschei-
dungen an, dann 16st sich die Sperrschicht selektiv
an der Stelle auf. Griibchen, Koloniestruktur nehmen
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zu, und dadurch wird die Grenze der Oxidschichten
rauh.

Nakagawa und Mitarbeiter haben festgestellt, dap
die Oxidschicht mit dem schwarzen Punktfehler
auch rauhe Grenze zum Grundmetall und eine
regellose Zellenstruktur hat'®.

Gemdp Cote’s Untersuchung wird bei der anodischen
Oxidation das Mg aus Mg,Si herausgelést, wihrend
Si sich nicht merkbar 18st’®. Dabei hinterlief das
Mg.Si eine Vertiefung in der Matrix. Die Legierung
wurde bei der konstanten Badspannung von 16 V
anodisiert. Durch den Recovery Prozeg aber, konnten
die Mg.Si-Ausscheidungen stdrker als durch die
Anodisation bei konstanten Badspannung aufgelost
werden.

Durch die Anodisation bei einer konstanten Bad-
spannung von4V wurde eine schwarze Oxidschicht
auf der Al-Mg-Si Legierung erzeugt, die bei 220°C
8 h ausgelagert wurde. Der O-und S-Gehalt dieser
Oxidschicht ist niedriger, d.h. der Al-Gehalt hoher
im Vergleich zu den der bei hoéherer Badspannung
erzeugten Oxidschicht (Bild 7). Der hohere Al-Gehalt
in der Oxidschicht wird wohl auf die selektive
Auflosung von Mg.Si-Ausscheidungen zuriickzufiih-
ren sein. Die durch den Recovery Prozef erzeugten
Oxidschichten werden woh! ahnliche Zusammenset-
zung haben*.

5. Zusammenfassung

Der Einflup des Recovery Effekts auf die Farbung
von anodisch erzeugten Oxidschichten auf Al-Mg-Si
Legierungen wurde in Schwefelsdureldsung untersu-
cht, wobei die unter den verschiedenen Bedingungen
ausgelagerten Proben verwendet wurden. Die
Ergebnisse waren wie folgt: zur Erzeugung der
farbigen Oxidschichten auf Aluminium war der
Recovery Prozef besonderes wirksam. Eine Uberla-
gerung ergab eine Oxidschicht mit tiefer Eigenfar-
bung. Es gab eine Beziehung zwischen der Menge
an Mg.Si-Ausscheidungen und Farbintensitdt der
Oxidschichten. Die Fiarbung kann wohl auf die

Struktur und die Zusammensetzung der Oxidschicht
zuriickgefithrt werden. Durch elektromikroskopische
Untersuchungen konnte gezeigt werden, dag die
eigengefirbten Oxidschichten rauhe Grenzen zum

Grundmetall haben. Dafiir kénnte der folgende
Mechanismus angefiihrt werden.
Der Strom greift zunichst Mg.Si an, dann ldst

sich die Sperrschicht selektiv an der Stelle auf.
Griibchen, Koloniestruktur der Poren, nehmen zu,
und dadurch wird die Grenze der Oxidschichten
rauh.

Mit diesem Prozef kann man auch die Farbtone
von Gold bis Bronze erhalten, aber die Bedingungen
dafiir sind noch nicht festgestellt.

*Da die Farbung sich an der Grenze zum Grundmetall
ergibt, ist es sehr schwierig, mit Elektronenstrahl-
Mikrosonde die Bestandteile zu beobachten.

Abschliefend danke ich Herren Dr. S.Terai, T.
Suzuki, A.Ichiryu und A.Takashima fiir die stete
Forderung dieser Arbeit. Herrn M.Yokoyama danke
ich fiir seine technische Unterstiitzung beim Durch-
fithren der Experimente.
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Cathodic Protection and the Blackening of
Aluminum

by Mitsuharu Shigenaga and Zen-ichi Tanabe

In order to obtain the fundamental data for cathodic protection of aluminum, corrosion
behaviour of 1050 aluminum in tap water and NaCl solution was examined by sacrificial anode
method using Zn and impressed current method.

Both pH of test solution surrounding specimen and corrosion rate increased when the
potential of specimen was shifted in the less noble direction. In sacrificial anode method,
a linear relationship exsisted between logarithmic concentration of chlorine ion and critical
potential for prevention of pitting corrosion, and general corrosion area was spread parabolically
with increasing concentration of NaCl. From the experimental results of impressed current
method, protective current density was estimated about 2z¢A/cm?

The blackening of aluminum under cathodic protection was also investigated in this
experiment. It was found that the blackening occurred when the cathodic corrosion rate was
less than 100mdd, and the degree of blackening as represented logarithmic luminosity was
proportional to the cathodic corrosion rate less than 10mdd. For this phenomenon, the influence
of Fe, Si etc. was emphasized in the former reports. Our results show, however, that Mg, Ca

and Cu are important elements.
In addition,

it seems that the blackening of aluminum occurred in boiling water and at

the around of pits could be explaned in similar way described above.
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Fig. 1 Potential distribution curves of 1050 aluminum
under cathodic protection using Zn-anode in still
NaCl solution of various electric conductivity.
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Fig. 2 The dependence of critical potential for preven-
tion pitting corrosion of 1050 aluminum for
chlorine concentration.
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Fig. 3 App
condition shown in Fig. 1.
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Fig. 4 An example of the blackening of aluminum
occurred at the around of pits.
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Fig. 5 Results of cathodic protection by impressed current method for 1050 aluminum in tap water
under still (left) and following (5cm/sec; right) condition.

* 10ml ion-exchanged water (initial pH=6) after washing of specimen.

** Lo and L are luminosity of specimens before and after test, respectively.
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Fig. 6 The blackening of 1050 aluminum under cathodic
protection by impressed current method in still
tap water for 24hr.
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Fig. 7 Results of cathodic protection by impressed
current method for 1050 aluminum in still tap
water (2 months).
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Table 1 Analysis of the black surface layer formed under cathodic protection of aluminums in tap water.

:\ Analytical EPMA Atomic absorption o .

‘\ \ methods (Wt ; First approximation) —Diss%?)(iltlrt(i)srﬁo\?vsift(}?%nll\?Oa—— Emission spectrography  (Intensity)
Sampls 3003 3003 (L =21.5, 70cm?) 1050 3003
%&ﬁf&&;mﬁgjL =21.5 1.=15.7  1coupon 2coupons|3coupons| =512 ] 1 =g3.4 | L=61-4/ 1 —19.8| L=15.0

Al 94.28 | 79.37 | 70.67 5.20 9.00 | 12.90 | +++ | +++ | -+ | -+ | F++
Si 0.15 0.53 0.95 0.50 0.80 1.24 + ++ * ++ ++
Fe 0.48 0.63 0.76 0.20 0.34 0.50 + + * + +
Cu 0.29 0.34 0.33 0.03 0.04 0.07 + + + +
Mg 0 0.03 0.02 0.03 0.02 0.02 + +++ * ++ | +++
Mn 1.06 0.86 0.94 0.17 0.09 0.31 - At Rt
Ca 0 0.12 0.29 | <0.01 | <0.01 | <0.01 * - + ++
Na 0 0 0.02 0.05 0.06 0.07 - - - - -
0.08 0.11 0.08 0.015| 0.011| 0.010| - - - - -
0 031 | 1531 | 2250 | | [T e e e e [T
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Fig. 9 Interrelationship between corrosion rate and
degree of blackening under cathodic protection
for various aluminums in various environments.
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Fig. 11 Interrelationship between weight loss and degree
of blackening of 1050 aluminum under boiling

treatment.
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Fig. 12 Comparision of polarization curves of 1050

aluminum in tap water at 95°C before and after
boiling treatment.

Table 2 Analisis by atomic absorption spectroscopy
of water after boiling treatment for 1050 alumi-
num (ppm).

| Boiting
itreatment
| condition

Tap water (1) Industrial water (12)

~._ | Non- 140cm? [980cm? | Non- 210cm? [1120cm?
Elements\ | treatment, % 9hy X Thr | treatment! ¢ Shy X 8hr

Al 0 0.38 2.58 0 3.42 3.36

Si 3.80 3.80 3.50 7.08 5.26 3.90

ks, Fig. 12 5 3okl 5, REOBREN
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Fig. 13 Effects of the luminosity on polarization curves
for 1050 aluminum in 39 NaCl solution.

Table 3 Results .of crrosion test of 1050 aluminum
blackened under cathodic protection in tap

Fe | 0.16 | 0.04 |<0.01 | 0.09 | 0.01 |<0.01 water.

Cu [<0.01 |<C0.01 |<C0.01 |<C0.01 |<C0.01 |<C0.01 Luminosity Corrosion rate (mdd)

Mg | 0.81 | 0.77 | 0.66 |16.51 | 3.70 | 12.20 specgiens ?g“?;ifiﬁ;ﬁeieSt Salt spray test
Mn |<0.01 |[<0.01 [<0.01 | 0.15 |<0.01 |<0.01 (Before oty 0.23 1.71

Ca | 4.00 | 2.48 | 3.67 | 1.72 | 1.64 | 1.63 L=38.3 1.07 7.02

Na | 5.70 | 5.80 | 5.60 | 151 | 158 | 148 L=30.5 1.07 9.34

K | 0.63 | 0.66 | 0.65 | 8.20 | 8.60 | 8.00 L=21.5 2.25 12.17
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Thermomechanical Treatments of Al-Zn-Mg-Cu

Base Alloys

by Teruo Uno and Yoshio Baba

An investigation was carried out to clarify the effect of various final thermomechanical
treatments (FTMT) on the mechanical properties of Al-Zn-Mg-Cu base alloys. The results

are summerized as follows:

(1> Al-Zn-Mg-Cu alloy plates processed by FTMT exhibit better combination of strength
vs. elongation as well as higher strength than those of conventionally processed plates.

(2) Sufficient preaging after quenching, warm deformation less than 30% and final aging
at slightly lower temperature than that of conventional T6 temper are desirable in
obtaining marked improvement in mechanical properties by FTMT.

(3) 7178 alloy processed by FTMT exhibits better combination of strength vs. elongation
than that of 7075 alloy. Yield strength of 7178 alloy plates can be raised up to
70kg/mm?® by FTMT, but drastic loss of elongation can not be avoided at the region

of extremely high strength.

(4) High purity 7178 alloy processed by FTMT exhibits the same combination of
strength vs. elongation as a commercial purity alloy.

1. #

BREGI7 v 2 v A FeORE bk & Uil
EY (UTFTMT L) BEEa N Tw5, TMTZ2 O
b DRI RHES 2RO T b DR 2357
DhTeb, Breg@tlcontia—274~4, =
VT x—=b, TAVT x— b, BENTEONME X b
F LSRR TH A C EMBMEINTHED 55, 7
22U Lggd TMT BT 3R ED v, 7=
LAE@ED TMT kXL 22 TE, 201 > EH
EEOF A &SI X b SRS SRR %
B, FEUTESECH 21955 &4 31 TMT® (In-
termediate Thermo Mechanical Treatment) T& b,
9 1 DEBABRRKITHYOEET I 0RO 5 X
RN TMT LR 2T 00, B—KHTHLILER
DR & — oM s 2 BA T AL &g kb E
EUTHEDOHLE2E»5 5 953 FIMT?9® (Final
Thermo Mechanical Treatment) Td b, ZHE T
ITMT ik b 7075 & OEMEIYWE"IND &M

il

*gaJE, 26 (1976), 347 wykk
BT ITE T

R RTIETT gL

7 FTMT it & b ALMg-SiRE4", AlZn-Mg %é&
&7, T0BARY, 20468 L2 OMOEE™ W ik->
WTHHE S HOOET 205 & Lith i b O’
HEETHAL EPHEIN TS, 2DL I FIMT i
IOVERN7 Vv U AEEHEOEE S TS ATEEd T
DWTHIERY S B THEERNHETH %,
ERA7NVE Y A5ePTEBREOEALZN-Me-Cu
BEE o T Di Russo 524t & b 70756 & OFTMT
BB IN TV 5D, EOBEE CRIALVTIEM O
TEHBHTLSPETIRIT, ERT0BEEU EORE %
HT 5 7178 & D FIMT 20 TOHEHIL . 2T
TAPIL T 7178 A& 2z Al-Zn-Mg-Cu REED
FTMT i > TH#H~, COEEROMBEA, FTMT
Mo & Mo oE, FIMT &6 &mELEBoBE
COWTHRE Lo

2. R R F &

FEEICHE U e 583/ EGESE R TR L 1271786 &
XU EHERE TS EMEGTDHH, ZOMFERT %
Table 1 Rd, T bDEEH% 460°C T 24hr OHEAY
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Table 1 Chemical composition of specimens

~~~~~~~~ Element | .
;;;; S Al
Alloy Zn Mg Cu Cr Mn Fe Si
7178 (c.p) 6.85 2.89 2.20 0.25 0.19 0.26 0.16 bal.
7178 (h.p) 6.71 2.85 2.13 0.21 0.003 0.008 0.006 bal.
7075 (c.p) 5.70 2.69 1.70 0.26 0.27 0.27 0.16 bal.
Table 2 Tensile properties of 7178 and 7075 c.p alloys in
several final thermomechanical treatments
\\\ FTMT tempers Tensile properties
N .
. ) Deformation ) . Y. S T.S E.
Alloy Preaging - ; Final aging
\\ Temp.(C) | Deg. (%) (kg/mm?)|(kg/mm*)| (%)
— — - 120°C X 24hr 54.3 63.9 14
105°C X 4hr R.T 10 105°C % 24hr 61.4 67.0 10
7178 (c.p) )
90°C x 16hr R.T 20 120°C =< 8hr 65.2 69.8 8
alloy
105°C x 4hr 150°C 20 90°C X 48hr 67.5 71.6 6
90°C X 16hr 150°C 33 90°C X 48hr 70.2 72.5 5
— — — 120°C x 24hr 50.2 59.8 14
90°C x 16hr R.T 10 120°C X 8hr 57.0 62.0 12
7075 (c.p) . . .
90°C x 16hr 150C 10 90°C X 48hr 60.1 64.9 10
alloy
105°C x 4hr R.T 20 105°C % 24hr 64.5 67.5 7
90°C x 16hr 150C 50 105°C x 24hr 67.5 69.4 4

QVER % FT 15 - T2 5212 440°CT O SB FEE 5 & Vi T
IDhES 4~ 2mm O 2IERL 2. F I ET M
weH oK & LT 0.5mm o2 HRBEL .

zh b O %#480°C T 1hr DF AR/ ICKEEA(WQ
EMEFR) U, Z=E (#20°0) »5105°CE TOX/BETTF
g (A EIEER) 2177w, BEEE (CR LBH) &
IR ERETE (WREIEFR) X D EAS0% DML 274
- T 12 90~120°C DR THRALIES) (A& BTR) 21774
5120 WEMTIEE~DME & TEDOREOWMBANIC 10
min[EEET 5 ¢ ik bTay, RENITRT #iKH
REELAKB LI, FTMT & LTk Q-A—~WR—A,,
Q—A:—CR—A,, Q-WR—A,, Q—>CR—A. D 4 EHK
DNTIT T i d, TS DNERITL - 1RO
BIBEERE, TR &MU OB, BEFEBEGHEBAL o
THRE LY, BIERBRF OB S 2mm Tif—L, WO
FEREST B SEFT BRI L 726

3. X BR & K

3.1 FTMT &4 & 5I5RMEREDBBMR

FFE - 7178 B L K 7075 EAEED FTMT 4 &
BIEHRE D BRI >V TR Lo, MEBENLHERZL T
T, Table 2 wik7178% X 7075 &€ kcf4 © FTMT

RHEL IZSADBIEEEER T, WadRitic FIMT 217
5wk b T6 MBI B U CHRE DI BEE T
»BDBHIERDT 5. WEICE XETINIETOF S
MO E LTI, {6 »OFMIE 21T 10BE¥F
HES2A LB L) $HREOHEMIBEETH Y,
100 CHTBOBRE CPHEBEN 2T CENET L,
Fig. 1 iz 7178 EHAE 2 BARIC 0T L 8 105
TR W12 20% BRI T U, 120°C T 8hr DRMERR)

= 75 25
E
=707 20
g 8
2 {15
put [
w 8
2 10 2
s &
2 0TS i
T.

% 51 ovs 90°C preaged 5
3 o =0 105°C preaged
> 50 s : —— : 0

0 1 5 10 20 30

(hr)

Preaging time

Fig. 1 Effect of preaging time on tensile properties of
7178 (c.p) alloy quenched to 20°C, preaged, cold-
deformed by 20 pct. and aged at 120°C for 8hr.
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Fig. 2 Effect of rolling temperature on tensile properties
of 7178 (c.p) alloy quenched to 20°C, preaged,
deformed by 20 pct. and aged at 105°C for 24 hr.

2T > BB OBBREEOE L ER T, FHEDZREO
B0 & R U BN B A5, & 5T RS
ZRAUTHREOWINGEMT 2EM[MICH S, CDX>
SRR 7075 B4 T b A EE I iz,

Fig. 2 iz 7178 EHA G 2 AR IER D 5105°C @
KR TFHIER L e BicER, 150C 351 o8 200C 0%
%ET%%bM&M1%C1ﬂ%r®%&%@%ﬁ&ot
BEDBIRERERR T WABRDOIMT 2 200C TFH7% - 12
BRCEBREREEASHEMET, - FTMT xk b
BLVBER IR 3 CBEABOM T 2=iE» 5 150C &
BEORBE T2 5 REHD 3,

Fig. 3 Wik 7178 5 X 0" 7075 EMAE B EARLI 90C
T 16hr PRI L, 150°C T10~50%6 ML L 72#12105C

75

(kg/mm
~J
fn)
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60F

Elongation

55F
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Rolling reduction (%)

Fig. 3 Effect of rolling reduction on tensile properties
of 7178 and 7075 (c.p) alloys quenched to 20°C,
preaged at 90°C for 16 hr, deformed at 150°C
and aged at 105°C for 24 hr.

T2Ahr DRI 2 1772 > 12 B A OB IR 2R ¥, T
BEDIEIN & TR IZE U < W 3 5, 33% 8L Eoikin
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Fig. 4 Effect of final aging time on tensile properties
of 7178 (c.p) alloy quenched to 20°C, cold-
deformed by 20 pct. and aged at 120°C.
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Fig. 5 Effect of final aging time on tensile properties
of 7178 (c.p) alloy quenched to 20°C, cold-
deformed by 20 pct. and aged at 90°C.
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Fig. 6 Best yield and tensile strength vs. elongation
curves of 7178 and 7075 (c.p) alloys processed
by FTMT.
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Fig. 7 Yield stregth vs. elongation plots of 7075 (c.p)
alloy processed by FTMT by many workers.
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Fig. 8 Effect of rolling reduction on yield strength vs.
elongation plots of 7178 (c.p) and (h.p) alloys
processed by FTMT,
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Fig. 9 Effect of rolling reduction on yield strength vs.
elongation plots of 7075 (c.p) alloy processed by
FTMT.
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and 7075 (c.p) alloys in various FTMT cycles,
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Fig. 12 Effect of final aging temperature on yield

strength vs.

elongation plots of 7178 and 7075

(c.p) alloys processed by FTMT.
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Photo 1 Typical microstructurs of 7178 (c.p) and (h.p) alloy sheets in T6 temper.

(a) c.p : commercial purity

(b) h.p : high purity
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Polarization Characteristics of Condenser
Tubes by Impressed Cathodic Current’

by Shiro Sato** and Shigenori Yamauchi***

Mathematical analysis has been made on the polarization characteristics of condenser
tubes under cathodic protection by external current. On the assumption that polarization
resistance (R) is independent of the current density, the polarization along the tube length is
correlated with the related factors by the following equation,

E=I, (0R/27%a*)¥ cosh{(20/aR)*(L.—z)}/sinh {(20/aR)*L}

where E : polarization at distance z from the tube end (mV), Io: external current for one tube
(mA), p : resistivity of sea water (Qcm), R : polarization resistance (Qcm?), a : inside radius
of tube (cm), L : tube length (cm). Polarization resistance of practical condenser tubes, R,
can be derived from the polarization (E.) measured at the tube end under applied cathodic
current by using the following equation,

R=(2m%2%/0) (E¢/1o)*
Results of analysis are as follows :
(1) R values of practical condenser tubes widely distribute in the range of 500 to 50,000Qcm?*
depending on the surface film of condenser tubes.
(2) Growth of protective film increases R value remarkably.
(3) As the cathodic protection of condenser is largely influenced by R value, cathodic
protection system is recommended to be designed and/or operated taking into account the

protective film on the tube surface.

1. Introduction

Cathodic protection by external current has been
widely applied to the condensers of power plants
using sea water. A few anodes are fixed to the
water box cover and the protection current flows
out from them to the water box, the tube plate
and the condenser tubes. Cathodic protection for
condenser has three purposes as follows :

(1) Corrosion protection of water box : Iron or
steel water box is generally protected with rubber
lining. However, cathodic protectionis recommended
to be applied to avoid corrosion which is likely to
occur at the defect of lining.

(2) Corrosion protection of the tube plates : As
Naval brass tube plates may sometimes suffer
dezincification or impingement attack by flowing
sea water, it is desirable that cathodic protection
is applied. Moreover, in case titanium tubes are
used in the air cooling zone of condenser, the gal-
vanic corrosion of Naval brass plates by titanium

#A part of this work was presented in the form of
preprint at the 1974 Spring Meeting of Japan Society
of Corrosion Engineering.

##Dr. of Eng., Technical Research Laboratories
***+Technical Research Laboratories

tubes can be suppressed by cathodic current.

(3) Corrosion protection of tube ends : Though
aluminum brass tubes, which are the most popular
condenser tubes in Japan, are well resistant to sea
water corrosion, they may occasionally suffer cor-
rosion in some adverse conditions. In particular on
the inlet sides of tubes, erosion corrosion is likely
to take place due to the vortex of flowing sea
water. This corrosion is expected to be suppressed
by cathodic protection.

As mentioned above, correct application of cathodic
protection for condenser is important for corrosion
protection. Nevertheless, it has been likely to be
applied without special attention, which may be due
to successful operational experiences of condensers
under other suitable methods for corrosion protection
such as ferrous ion injection. Under the recent trends
of widespread use of titanium tubes in the air coo-
ling zone of condenser, serious corrosion problems
such as galvanic attack of tube plates and hydrogen
absorption of titanium tubes have been experienced
under unsuitable application of cathodic protection.
Accordingly it seems to be of great importance to
investigate the characteristics of cathodic protection
for condenser in detail.

Considering the current distribution in condenser
water box under cathodic protection, the current
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flow from anodes to water box, tube plate and
condenser tubes is governed by the polarization
characteristics of metallic surfaces and the ohmic
resistance of solution in circuit. Then the controlling
factors are considered to be film formation on
metallic surfaces, conductivity of cooling water and
geometrical arrangement of metallic components of
condenser. Among metallic components the bundle
of tubes appears to be the most important one
because it seemingly has the largest area and the
most complicated shape. In one design of cathodic
protection system, the cathodic current is divided
in the ratio of 1:3.2:60.8 between the water box
with rubber lining, the tube plate and the bundle
of tubes, respectively. However, the background to
justify the above current distribution has been
uncertain. According to the results of potential
measurement® at the tube plates under the cathodic
protection, polarization varies remarkably depending
on the surface condition of tubes. Polarization at
the tube plate is large enough in case the protective
film is well formed on the inner surface of tubes,
whereas it is small in case the protective film is
not well formed. Therefore it is suggested that
polarization characteristics of condenser tubes are
the most important factors controlling cathodic
protection for condenser.

In this paper, to investigate the operating state
of cathodic protection for condenser, the effects of
polarization characteristics of condenser tubes on
the performance of cathodic protection were math-
ematically analysed. Polarization resistance of the
tube and polarization along the tube length were
correlated with the potential measured at the tube
end. By using these correlation, polarization resist-
ances of practical condenser tubes were estimated.

2. Mathematical analysis of polarization

characteristics of condenser tubes.

The polarization along the tube length under
cathodic polarization by the external anode is dedu-
ced as follows referring Fig. 1. Considering that
the magnitude of polarization, E, results from the
impressed cathodic current, I, by an external anode,
following two equations are conducted

4 Tube wall
A/ E E+dE
Anode ~—-——t Sea water
|+dl 2a
Reference electrode 1 7
’ z z+dz

Fig. 1 Schematic diagram of cathodic polarization for

a tubular specimen by external current.

(126)

dl=—E. 2% 4, . 1
R

dE=—1I. P,é,.,dz ...... (2
na

where a=inside radius of the tube(cm), p=resisti-
vity of sea water (Qcm), R=cathodic polarization
resistance(Qcm?). R implies the resistance to cath-
odic polarization as expressed by equation (1) and
is regarded to be dependent upon the nature of the
film formed on the tube surface. In this sense, R
is considered to be analogous to the concept of
polarization resistance proposed by Stern et al®.

Equations (1) and (2) lead to the differential
equation

L2
“dr T aR ! ©

which has as a solution

I=A exp(\/%%,z>.i_g exp(—\/%%—z) ...... )

where A and B are constants. Similar equations to
(1)~(4) were also deduced by Morgan® and Hoshino®
who discussed the internal cathodic protection of
the large steel pipe carrying sea water.

Introducing the boundary conditions that I=I, at
z=0 and I=0 at z=L (L is the tube length), follo-
wing solution is obtained

. /20 }
Iosmh{ L (L—2z)
I= */ aR ...... (5)

i 20
sinh {\/QR L }

From equations (1) and (5),

following equation is

derived
R cosh{ ,.Zﬁ,(L_Z)}
E=L 273223 7R (6)
N 1nh{ /0 L }
aR

This equation manifests the polarization along the
tube length. The equation on the magnitude of po-
larization at the tube end is
E=L /2R comn! / 42-9~~~L} ------ )
v aR
By using this equation, R is calculated from the
value of E./I,, that is, the gradient of apparent
polarization curve showing the relationship between
the total cathodic current impressed and the poten-
tial at the tube end. In case the tube length is
very large in comparison with its inside radius
such as the practical condenser tubes, the term of
coth in equation (7) becomes nearly a unity, and R
is shown as follows
_ 2m*a® _(wf;gﬁ)?
R 14 To
Fig. 2 shows the relationship between E./I, and R

when p=25Qcm, 2a=2.29cm, and L=24cm and 1,000
cm or over.
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R value (Q cm?)

Fig. 2 Relationship between Eo¢/lo and R value.
where Eo : Polarization at the tubeend
fo : Cathodic current applied for one tube
L : Length of tube

3. Estimation of R values of tubular
specimens

Fig. 3® shows the apparent polarization curves
at the end of the aluminum brass tube of 24cm
length which is fixed in a small water box and
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Fig. 3 Apparent cathodic polarization curves, showing
the relationship between the potential at the end
of aluminum brass tube and the cathodic current
applied.®

cathodically polarized by external anode under flo-
wing sea water condition. R values obtained from
Eo/Io of the curves are also written in Fig. 3. R
value is 620Qcm?® after 1 day, increases gradually
with the lapse of time, and reaches 8,600Qcm?® after
80 days. This gradual increase of R can be interp-
reted as showing the steady formation of the prot-
ective film on the inner surface of the tube.

According to Tanabe®, who measured polarization
curves of aluminum brass sheet specimen in flowing
3%NaCl solution with the anode facing the surface
of specimen, polarization resistance is 190Qcm?
immediately after the immersion of the specimen.
This value is slightly different from that in Fig.3.
This difference is considered to be based on the
difference in the surface preparation of test samples;
measurement in Fig. 3 is done as mill finished,
whereas measurement by Tanade is done as polish-
ed by emery paper.

4. Estimation of R values of practical
condenser tubes

Cathodic polarization curve of the condenser in
practical service is possible to be measured using
the cathodic protection equipment and the reference
electrode installed in the vicinity of the tube plate
as shown in Fig. 4. This polarization curve shows
the relationship between the total cathodic current
impressed and the potential at the tube plate or at
the ends of the tubes. In this sense, it is called
apparent polarization curve. In some condensers,
as the reference electrodes are not installed in the
water boxes, zinc reference electrodes are tempo-
rarily fixed in tubes to measure the potential as

Power source

_____.1 }__ Tube plate

I P

Water chamber :T :
\:1 o Condenser tubes
f &
Reference —
- electrode [
Anode () =
(Pb-Ag) i
{
Sea water

Fig. 4 Schematic illustration of the cathodic protection
system for condenser.
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Fig. 5 Referential zinc probe temporarily fixed in
condenser tube for polarization measurement.

shown in Fig. 5.»

To estimate R value of practical condenser tubes,
apparent polarization curves” of some condensers
in practical service were analysed as follows.

Example 1 : C. Power Station No. 1 Unit

Fig. 6 shows the results of polarization measur-
ement at C Chamber. At this unit, ferrous ion

i
3
8 N
2 \\\\\\'\'\ 1
> 05 NI N
= ANR |
= N A AN Qutlet
5 A \b. R=52,000
£ N \Q\
NN

10 AN |
0 5 10 15 20 25 30
0 1.0 19 29 39 438 58
Current {upper: A )

\lower : mA/one tube/

Fig. 6 Apparent polarization curves of practical cond-
enser tubes? (C. Power Station, No. 1 Unit, C.
Chamber, Aluminum brass tubes).

Each symbol in the above stands for the locati-
on of reference electrode installed in condenser.
ONA®A : central zone
| : middle zone
\Y : peripheral zone

injection into cooling sea water has not been carried
out. Values of E./I, are calculated disregarding
the current flowing into the water box and the
tube plate, then R values in Fig. 6 are obtained
from them. R value is comparatively small (3,1000
cm?) on the inlet side, while R value is very large
(52,000Qcm?) on the outlet side. This result suggests
that the protective film on the inner surface of
tubes is well formed on the outlet side rather than
on the inlet side. In general the flow of cooling sea
water in condenser is known to be more turbulent
on the inlet side than on the outlet side, therefore
it is considered that the protective film hardly
forms on the inlet side.

Example 2 : T. Power Station No. 3 Unit and A.
Power Station No. 2 Unit

Fig. 7 shows the results at T.Power Station and
A. Power Station. At T. Power Station, ferrous ion
injection has been carried out and R values on
both the inlet side and the outlet side are fairly
large. On the other hand, at A. Power Station,
where ferrous ion injection has not been carried
out, R value is fairly large on the outlet side and
is extremely small on the inlet side. These results
suggest that protective film formation on the inlet
side is difficult when ferrous ion injection is not
carried out but is easy when it is done.

’ |

|

A
& T

™

—05 Ny

Potential (V vs. SCE)

\‘\:{ Qo

\
R =27.000 &~4.

—10g 1 2 3 4 5 6

Current (mA/one tube)

Fig. 7 Apparent polarization curves of practical
condenser tubes.”

| P.S.| Unit | Chamber | Fe? injection
® inlet
——— T. |[No.3| D carried out
O outlet
A inlet
—t A. [No.2 | C |—— - not carried out
JAN outlet

5. Potential and its distribution in
practical condenser fubes

The current capacity of cathodic protection for
condenser is designed on the rough basis of experi-
ential value. As mentioned above, however, R value
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of the condenser tubes largely varies according to
surface conditions of tubes, which depend upon the
operating conditions, such as ferrous ion injection
and cleaning of inner surface of the tube, and the
quality of sea water used (clean or polluted). So,
the efficiency of the cathodic protection is considered
to vary largely depending on R value of tubes in
each condenser. As an example, potential and its
distribution along tube length were investigated in
detail using the data of cathodic protection at C.
Power Station.

The cathodic current density for tubes is designed
to be 150mA/m? at No. 1 Unit of C. Power Station.
In this case, the area corresponding to the tube
length of 30cm is regarded conventionally as the
area for protection. Then the cathodic current des-
igned for one tube turns out 3.29mA. The potential
distribution along the tube length under the cathodic
protection at this condenser can be calculated by
using the equation (6). Results of the calculation
are shown in Fig. 8 On the inlet side where R is

0
(A
/7

02 // /
" @
2 /]
5 —04 S
;;*06 / ///
2 o)
¥ o8 / /

[
—105 10 20 30 40

Distance from tube end (cm)

Fig. 8 Calculated potential distribution along tube
length.
(C. Power Station, No. 1 Uuit, C. Chamber)
(A) Inlet, R= 3,100Qcm?, Io=3.29mA/one tube
(B) Inlet, R= 3,100Qcm?, Io=13.5mA/one tube
(C) Outlet, R=52,000Qcm?, Io=329mA/one tube

small, the magnitude of polarization at the tube
end is expected to be no more than 0.16V and the
effect of cathodic protection is unsatisfactory as
shown by curve (A). In order to increase the pola-
rization at the tube end to the same extent as the
outlet side, the cathodic current of 13.5mA is required
for one tube, then the capacity of the current source
becomes extremely insufficient. Moreover, even if
the current is increased to 13.5mA for one tube, the
tube length protected satisfactorily is no more than
about 5cm as shown by curve (B). On the outlet
side where R is large, the magnitude of polarization
at the tube end amounts to 0.80V and the effect of

cathodic protection is satisfactory to the length of
30cm as shown by curve (C).
As mentioned above, the magnitude of polarization

5

at the tube end and the tube length protected sati-
sfactorily are strongly influenced by R value of
the condenser tubes. Therefore the current capacity
of the cathodic protection should not be determined
generally, but should be determined taking into
account the R value which can be inferred from the
expected operating conditions of each condenser and
the quality of sea water used.

6. Discussion

The equations (1) to (8) are based on the assum-
ption that the polarization resistance, R,is indepen-
dent of the current density. It is not contradictory
to this assumption that the relationship between the
cathodic current and the polarization at the tube
plate shows an almost straight line at the practical
condenser as shown in Fig. 6 and Fig. 7. In some
cases, however, it was also found that above assu-
mption can cause the considerable discrepancy bet-
ween the measured and the calculated polarization
along the tube length.

Fig. 9 shows the measured” and the calculated

-0.2
lo=8mA -
L
Wes oo o =0
—04
m ps A
& pos
s 19 g
> —06 ’
~ 46
8 4/ lo=20mA
= 4
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,/ - O~ O~ - measured
—10 I/
'{g (a) R=2,000 Qcm?
i
1275 10 20 30
Distance from  tube end (cm)
02 ’
lo=2mA
== r-0--0
Ll L
w
¢
= —06 -
E-0s ]
£ / o Oﬁ -0--0
” o
T ,O"U lo=8mA
Ze}
(b) R=11,000 Qcm?
-2 10 20 30

Distance from tube end (cm)

Fig. 9 Comparison between measured and calculated
potential distribution along aluminum brass tube.
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polarization along the tubular specimens under the
cathodic polarization. In case of small R, the discr-
epancy between the measured and the calculated is
negligible as shown in Fig. 9 (a). In case of rather
large R, the discrepancy is very small at the small
current, whereas it is appreciable at the comparati-
vely large current as shown in Fig. 9 (b).

The discrepancy between the measured and the
calculated polarization in Fig. 9 (b) seems to be
caused by the assumption that R is independent
upon the current density. Fig. 10 shows the polari-
zation curves of aluminum brass specimen directly

—O%§ g
~oa R

|
<
o

O after 1 hour
[ after 4 days
@ after 7 days
- A after 14 days ]
¥ after 21 days
) B after 28 days

10 00 1,000
Current density (uA/cm?)
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o
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|
o

Potential  (V vs.SCE)

!

10,000

Fig. 10 Cathodic polarization curves of aluminum brass
sheet specimen in flowing 3%NaCl solution.®’

faced to the anode, which are plotted by logarithmic
horizontal axis. When the current density (horizon-
tal axis) shown in Fig. 10 is plotted by ordinary
horizontal axis, it is found that the polarization curve
is comparatively approximate to a straight line at
the early times of the test and that it becomes apart
from a straight line with the lapse of time. Thus,
above assumption becomes not necessarily correct,
and the appreciable discrepancy between the meas-
ured and the calculated polarization seems possible
to exist.

This possible discrepancy, which could be caused
by the assumption that R is independent of the
current density, was discussed as follows referring
Fig. 11

(a) Cathodic polarization curve

In case good protective film is formed on the
surface of aluminum brass, true polarization curve
is likely to show the shape such as the dashed line
in Fig.11 (a). When a tubular specimen is polarized,
the magnitude of polarization is Eo. at the tube end
and is larger than that at an arbitrary point of tube.
In our method, this polarization curve is approxim-
ated by linear solid line in Fig.11(a), and the slope
of this solid line is defined to be polarization resis-
tance R. The linear approximation for R seems to
be not necessarily satisfactory in some cases.

(b) Distribution of the current density flowing
into the tube wall.

At the tube end (z=0), as the polarization Etrue=
Ecal. =E,, it is evident from the horizontal axis in
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Fig. 11 Schematic consideration as to the possible
difference between calculated and true
polarization along tube length.

(a) Comparison of polarization curves

(b) Comparison of current density along tube
length

(c¢) Comparison of currrent flowing in sea
water along tube length

(d) Comparison of polarization along tube
length

Fig.11(a) that the true value of the current density
is larger than the calculated value. At the another
tube end(z=L), the calculated value of current den-
sity is larger than the true value because the area
surrounded by AHLO in Fig. 11 (b) should be equal
to the area surrounded by BGLO; both areas are
equivalent to the total current I.. Therefore the
distribution of the current density should be as Fig.
11(b).

(c) Distribution of the current flowing in sea
water inside the tube

At the point z=0, both the true and the calculated
value are Io, and at the point z=I both are zero.
At an arbitrary point z, the true and the calculated
current are shown as follows in Fig. 11(b).

Ttrue=the area surrounded by CHLz ------ (9)

Icap =the area surrounded by DGLz ------ (10)

Therefore Ica. is always larger than Iiree. Thus the

distribution of the current should be as Fig. 11 (c).
(d) Distribution of the polarization

At the point z=0, both the true and the calculated

polarization are E.. The polarization E at an arbitrary

point z is obtained by integrating the current flow-
ing in sea water L

E = —p/nazfzIdHEn
=—pX/ma?+E. an
where X = fz Idz.
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X in this equation is shown as follows in Fig. 11 (c).
Xirwe=the area surrounded by I, MzO:.--- 12)
Xcal. =the area surrounded by I, KzO------ 13

Therefore Xirueis always larger than Xca. Thus the
distribution of the polarization should be as Fig. 11
(d). This relation between the true and the calculated
polarization is similar to the result shown in Fig. 9
(b).

As mentioned above, in some cases the discrepancy
between the true and the calculated polarization is
very small, in other cases it is considerably large
because of disregarding the dependence of R on the
current density. In the latter cases, as concerns the
current density, itrue>ical, in the vicinity of the tube
end, itrue=icar.at the following part and itrue <lical be-
hind that. As concerns the polarization, Etrue> Ecal
along all length of tube except the end of tube.
Therefore the discrepancy as shown in Fig. 9 (b)
could arise. The extent of the discrepancy is depen-
dent upon the extent of the instability of R by diff-
erent current density. The extent of the dependence
of R on the current density is considered to depend
on the nature of the film formed on the inner surface
of the tube.

7. Conclusion

On the assumption that the polarization resistance
(R) on the inner surface of the tube is independent
of the current density, R value and the polarization
along the tube length were mathematically correlated
with the related factors, such as the external current,
the polarization at the tube end, the resistivity of
sea water, inside radius of the tube and the tube

length. By using these correlation, analysis has been

made on the polarization characteristics of condenser

tubes under cathodic protection by external current.
The main results obtained are as follows :

(1) R value increases remarkably with the growth
of protective film.

(2) R values of practical condenser tubes widely
distribute in the range of 500 to 50,000Qcm?
depending on the surface film of condenser tubes.

(3) From above results, the state of the film form-
ation on the inner surface of tubes in each
condenser can be estimated by the polarization
at the tube plate. This method can be useful
for the corrosion control of condenser tubes.

(4) Cathodic protection of condenser is much influ-
enced by R value. It is effective enough in case
of large R, while it is hardly effective in case
of small R. Therefore,cathodic protection should
be designed and operated considering R value
which may be influenced by operating conditions
of the condenser and the quality of sea water
used.
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Recent Development in Continuous Casting
Technology of Aluminum Ingot

by Masahiro Yoshida

1. & LU & I

MR mE MR, 18404, SellersVicd » TEEI
nIze 4 S OBERICE CHOIRXBLENTE D, £D
#%, BECEL CHx LEBMBERFE N, HiERM, K
iy, BEMbEZRP I ERBEUVORERZZET TE L, H
THEMON T CoHEBEEOHERIZELL, BETIED
V¥ . — 4 —DOEARE BEALBED ENTLEYY,

TS AQOBEEEER, 142FFEEINTT VLW
Vereingte Leichtmetall Werke, FHiR) Otk & %
Wid, BRRLE L LTHEREFESINT Ennort i & 3 #EHED
SHOKEEN L 8%  (Direct Chill Casting,
D. C. #5%) ORBE L ->TWVWEY, 7ovi = LD
e HBEMGIE, SO T L TERL TV Y, &
FCHKET AME? AN, 4R OFHDOYIED &
AWRIEBEBDERDNS,

HEEEEE & A CRANHEBOERKEE LT,
EEREBFIEEN® 3. ROEKRTE, b Eidhds
D—DEEZLNDLH, BED S BEEREKHEEICIV,
BHBRE TR B LRI NG . BERELEEERDON
gy, 18464F, Bessemer MSFE LU F I L4 A TOERE
DI S D TH B, 20, £ OBAMEFAI NI
DIEREEE O LB PRBICKE S HHUIIZDRM
B4 —H O B h -2, L UL S, EFEDH
BRE A5 D TR IR O BR A CTFEDSIE D B, £ < OBUIFHY
MEARERL, RECIE TEORBERE TRETSIE
S5 Twb, DbBEZRUY, HRAEETEZ L OBROEE
BBEEEESBEL T 57,
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RIEZZOWRE D, FHAOSE cEROREML, &BELD
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iMoo —me UT, 7t o0 sA0dkiEEE, 7
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WS B IEAE, KERSGEEHEGESEESER s W, LEED
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37 ova T OB ERT D, HEROBEBHEEOETEI
MEL, BRESSHHENE CH DX SIEEVIRAT S,
K 1.(b)Es 45 —OBTH 525, LU =BT
SNIBEORE 2B AIMEI L T3, MEHIER )
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TV i oo ADOEEHEER, @Y, 40~150mm/min &
Euicy, COSBERE2 LRI LRI >TY A7
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T, BELOBE 2TORBRICRII L IE RS H 5
DTENEZRBNT 5,

2.2.1 #HEIhORHE

grsElVC I REE S, BN TRET IO, BEEE
BHRHETIIOEND BH, HEHlEsshsD
RRE OREREAR I FEA T % 8% h (Hot Cracking)
TH5bo
FHEHNOFRERE 2MAT 2 EELRTO—2 K EK
HERTOBENDH %, B2 AlCu, ALSI, AlMg =
TaeORERBROBRMRE 2R3, Bikitekic
BOT DT RBERESEEL, COMERE & RE
BEAIIET ZIUEIGD & OERBERLEFER TR /NS
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w2 |- 235 640 641 636 8 10
#30 467 205
200 7% ' ' ‘ L
07153 5 10 15 20 30 335

Mg (wi%)

B2 AlCu, Al'Si, Al'Mg=itAGOHERHABRMORED
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BOC & BFAEEL L TNEE B0,

2.2.2 SEREwRSER

® 4 1 Bryson B8R U It EHgEROmH/ 4 — T
& o Delayed Quench Cooling (D.Q. %% &IFFISh 5
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YU TREL L AOT, EoBnHEEERE ETHMNE
THLEWRE D, COLDLREASE — Kk »T, B
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WM BHC L » TEHEHNOLNBELHEBE LN
LLTW3,
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WIZh T A, UL, FoVE DU AOEIEE D SR,
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b b, SHOPIICHIBLEIZNG,

3. BHMREOHE
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THIOWERBE IR KMWE S NI, —), SHHOER
S BB TR E OBEIC SO TIFESHED 51, e
FLOHRAP L ENTET, TLTHE, 2082000 %
WRB L EWRT B,

SEIRORH MR, —RENCRBHEETI O S TR
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BB & D micro-welding, H2AF, TI— W Fi v v b3 E
WHT oD, fER, SBREREYEED IO I I HEH
PEAET A HEVHV BN, FOMMBAFEICTRZEL T
Crik b B E EIF T %, SELCHIRS 2 N A
THMBEHRIWHEINZ EVIWELH 22, L Lad
5, LN bOFETE, REXKMOHF T RECSIETE
YR EOREFRZR LN EBELRBRR TS 5 HBRFETZ
WAL T 2 23UV, CORMOIIDITE, &
BN TR S 3O EER 2 24 LU, BESHII-T
BRI HE S REROA THETIC EVEBEL L5,

3.1 RTRBLBHREN

SEBRFR T 1T TR T B T O AR ic D0 Tk,  Siebel
520, Collins®”, /N 5°® DR DH 5. FHETET 7 X »
v TORBRICE 28 RRETOBEEEDOETO DI,
SRR R AR 2R L CHETH L EMNERNE LT
Who Siebel 5, /NE S IEFHEREM TERT S L0
it L, Collins 1k 4 = 2 % 2568 OB ES4E M CAR T
5ELTVD, FBITHBRBFEROMERRE & BRI
H b, SHEEROMEE B URE L RER 2IERT 5 C
LItk - ThABERIETE %, Lh L, SEESH 2
JEWH® 5 SREEP A Z A AETEI 2~V FY
v N ERENAERRRMPFEELICD, FUEOESH
KT BDIFELL L0,

FIEIE, WETE (Fie Fe) OBULWREITEMES C
b HENTVS, DX D LEHRREITIE MR OE
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o WHHTIRND E T F Y KT 4 MERERTHEE
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D b EETBE S I~ e G, IERTICX - TEIREHE R
BRI ND EHBEL T B, EBEOHIICH TSI
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Wk - TRIRMERD L 5y, EROBEREHEEICBES
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(b)
RIS VI A 2

(a) Trapiediz & % #5EHEY, (b)(c) Moritz 1T & % &

3.2 SBESHOLZVWEEE

Trapied*”i3 B 7 (a) wRT & 5 2858 ¢ Cu-Ni &4,
FiTdurX, FNEITERAOEGHEHEERTo TS,
Moritz***?i3 {7 (b), (€) WRTEIETI 774+ D
W BN EREY & I & AR L 28RBS, B O B I B
MEWRD Ul e o TRERMBEO LW T V=9 L
FEREB T D, COfll, PIICX 5 ZEEERPHOPBER
ENTHWBE®, UL, wIhdBEBMmcaRLizd
DOOEEMOME, KEMOBHIE2 L E TENICE
AIN3 I TCIRBEL L - 12, B, B 28D
T5 K7 @), (¢) BN Tk, »& ¢ Hot-Top gD
T3 & 9, BiEd Fisahin cEESHC X 55
BEFGEES L ) Lt 2R L TR 20 EH H iR
¥ LEOMES T,

SGRNGHEE S 26 UTEET 5 C & b SR ALEE
KRNRD S 5. CORGRSEDCEH S, FEFRO N
DAL 2513, REEBESHROBOHEREY/NIL
WAHIY, HBBRERIICL LD, H-T, BFLED
FHRFGE L b, BT FVEORESSEA L
RIS ERITEEBM2EE L W TE B0,

RBmESECW, BELNLVOT 2 ha—ub, S5E
TOE—~LBHH, BBOE— LRSS EWCEBET 5 B
bbo COEIURMIABAIHBE I LA LHEMT S
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INDEIPEREZHMTAC EITL > TERLES
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DT HEICE 310208 0HRER & 2 OBOY v T
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GFREYT, SR EREL PRV EREE TV 3,

5

8 LHFRENIC L » THEBH R I { U sl /i
Ly TR 102064, 94 vF Ly b

C O ETEMEGEN 28587 5 WA, SE5RE M CEEE
BHENC L AIRERE S CEND B oo nHKE, H B0
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FUTEBHEMOREREGIVE LS X >HHT 8
D5,

3.3 Hot-Top $5#E%

FE, EEO7 VI S THENED b, TTCRER
fhanTaeddie Hot-Top $5EHENH 5. COFE
W7 (@) @ Trapied O#EEZ I BRI EIIED
TEIANCIETE TR~ I PIA LREE, SnH 2L
CEWRWEMRBBELNLTL B,

Hot-Top #&S/AN s # (l% 30mm §i%e) @ L1
WF AR IR 2 B B L, COBPICEE 2 RIS TH
ERITH L OT, BEEGGREL A, BLYO%L XA
HRFF O OCEFEHERIEOIN S,

3.3.1 Hot-Top & &

92 f8F M Hot-Top #W 2RT ., BH OB HE
REPOER KB TIELEA» S Atk » THEB LT
WIZHS, BT R IS LA T & B B KA B O B TR L b
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2R U 5k FEE (Level Pouring) 3EE &b,
b 2EFRL T Level Pour Casting & $ 79 %,
Ftto Hot-Top SBIOHEARMER, BEALHELT
b, RGO gt b REO/ND S BRI KA
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M, WHEOERT IR sALd SR ERERZEL T
30D,

AEENE ZK141 oo /I8 asint:, VL
B E s & BT OV TE EDTEDTH 5,

2. WIEHBEEhMEE BLIBEE

ZK141 5¢0oRETHOMG S atintke, —&o
JIS ATNOl & N THROESENENL T 51289
ELLWEINIL, 5 UG T4, T6, T7 Ho
bR TH 55, e T7THORIGIE &St b 5
b9 N TWw 5. BRI IR ERD ATNOL &6 &
BLUTH 3,

3. BHWWEMHE

ZK141l A¢08[EEEEG TAB Lo T64 & b JIS H
4000 12k 3 ATNOL A& OMKEZ FHCHEL TH D,
T7 MR JISX3T6MELTOEZRZEL T 5%,
T6 Hicow0Tid, & 51k NDS H 4001 0MIK{E% b il
BUTWV 3, HUFEBRAMER S JIS H 4000 4K i &
hid ahi/hav, 3ERERERCE 3> TH.EL,
BRI 5 oNTE T 5%, RIEKFEEIHAEL bl
RIS DK & Ve BREIERIC L 3 Ie >N CE T4
B

TR 2 SRR U L 10°~10° [@ O3 T T7 M & b

AR

eI

T4 HMOHEBE D, 10" HTRIfERIEEAER UMK
%o 6mm [FIEAR & 25mm [EEEAR SRR b Rk
iy b s, WEOEEE WS L HYAREEDR
WIRE 25 DEEALDLN D,

ZK141 @R 7 ) — 7l s 9 TEENI ZK420,
ZKAT® Zfhd ATNOL A& & 1212 R FRRE D BSBRAYES 2 4
LT b, Al-Mg % A5083 &6k b Ch T
%o

4. B B i

FER L b AlZn-Mg RAGIRMZHRINGT % & BEEEINE
BB ART B EINTEN, UL, ZrsloTieo
i FCRARIED 0.2% YN THIEHEM Lz AL
FIEO N EBPE LI - 129, ZK14l GEilE o
Ir 5 O Ti2GETH129, BEELIFR T CATY
bo Iods, INEEOBBMAEE D ATNOL &4 L H
LHHLENULETH B,

x [

D B, s % Ak 17 1976), 28

2) R, DWEE, SHEIE © KES 17 (1976), 38,

3) SIFLB, VPG, WA, BHbHE Y A,
8 (1967), 194.

) SIELES, VIS, U, BEEE, WIFRI A,
8 (1967), 249.

5) Buhskt, i B, EE %o

A 13 (1972), 103.
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29 /N 2 o
i H Al-Zn-Mg &4 ZK141 oy
D 1t 2 K &
= 1 M ok Ry
t = o®m (wtos) 1
ZK141 } , } |
si Fe Ca | Mn Mg | o | oz | T | oz | oA
B i 015 | 0.3 L7 016 | 45 | 005 | o017 |
B W | <030 | <040 | <0.25 [0.20-0.9]1.0-2.2] <0.30 |3.8-5.0| <0.20 | <0.30 B
2 HIEBH MY
®2 ¥ W m M @&
[ i ! ek = R [F 1ACS
It T BBEEEE | M IER K B B 8 K woomow o (195
(g/cm®) c) (20—-100C) | (C.G.S) T4 T7
2.77 620~650 [ 2.36x10° E 0.33 | 31 36 ~ 37 |
3 REFROMEHEEZIhiE
R 3 T4 HMOREHAORIE R £S5 T7 MOBEHTRDIMIGIIE At
T4 - T7,
Ho M IflM o #
ZKIL e a7n01 Ay g~ g | M arnon
mx&%ﬁ,mﬁ* 10 0o % o % M3 B A R | 10 o % o %
(7 o L) 15 0 100 (7 v & BB 15 0 30
20 20 100 20 10 " 50
NaCl k # % | 10 >210 M| >210 H
® 4 T6 HOWEHTDMIG LN wOH B HE |15 210 60~210
20 120~210 20~150
oo T6 g
L P K KA RERR | 10 >660 | >ee0
o iiﬂr gy S ZKid1 How .
a7 - Sl (kg/mm) —f ATNOL QU - 15 =660 =660
[ B & BT 10 o % 50 % 20 >660 60~100
(7 v & BREPEEED 15 10 100
20 50 100 *;'Jl)i_’ﬁﬁ'»&lﬁ@ H[ /l“
EAMED 2 5 2 S 2 IES 5o
(r % W W | 15 ~660 20~60 ”’“ WD 25 > 7 RS 2 HET 5
N - _ 72 v 783 (mm)
20 360~660 10~40 (%) = oy o T oRAE (Lomm) ~ X 100

(BABLET D

SiEXxereE TEERERXSIE

m:) J%J —ng ﬂf_
ERES
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Fexs i AlZn-Mg &4 ZK141 o#PER

6 mm/EiEMR i
460°C X 1hria it i%
B —o— 7!‘ 5

35 A

witH, 313&s&S (ke/mm?)

< oo} L] © == o .
B == ¥ ~ : | ; |
R . - 5 e PR DO RS OO0 B B0
05 1 5 10 50 100 & 05 1 5 10 50 100
Hiawmem (8) RReTHIBE (8)
1 6 mm FEMHOHEHMLEL (460°Cx 1hr) #D 2 25mm FHEN D EAA LT (460°C X Thr) #0D
RIS & R RIS O B B &R O R
~ 38
® '
~ 37 ./(0'* |
i
o 36
H ©
i 3 ]
i 34 | o—0 — R | o ‘ -
Ol ; : o
spgx o woon |
————— mh O/O <
o £
L 45 /(&\o 45 e
E | 0 = /D
2 | e Yo e
= 1 O // F’f}i %6,0—-\%/
@ o .6 o] i 40 o
e 6 mmiE BEAR " 2omm/: HEAR
o 460°C X Thr AR5 £ | & 460 C X Thr 7Kkii 1%
cask a3 e R AN = ORI 3 8
£ . > 100'C X 3hr 1% ' AN — 100°C X 3hri%
e RN —O—1200C AL ‘\\! —0—120°C » T #2)
L Py —0-150C “» —©-150C  »
e - 180C _» —-180C  #
30 l | i 30
gc 20 ; | ! 5 20 : f |
ffr 0 " P ]xxx,l i i ‘111 iia 0 [ i | 1‘,‘* R . ' Vo
5 10 50 100 5 10 50 100
A LEREE () A TR (hr)
3 6 mm [FIEMR O A TREhEAR 4 25mm [EIEHR O A TRl

(BISLE T 1) SExEesETERERRXRKE s D5

P 3E HE
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4 U A - =
il Al-Zn-Mg &4 ZK141 ozEme
5 BIRMEH, ik, BFRRAARE, FRE
£6 0l koo H
| B ® M m
=t 3 o ok porn) e [ ; - e . -
2 BoE A L S B iR PR T O B
I (kg/mm?) (kg/mm? | (kg/mm?)| (%) (%)
T 460~470°C 7k ¥ R 5 f | 3L7 | 45.9 16 —
W X 6~122 FEEEf A 311 45.2 16 —
6 mm [FREH* 5 T
7 | U OC KIS ASH | g g oy | 20.4 37.6 — 16 —
> K3~ e i
—170~180°C XZ~8hr HESEEAITH - 29.4 37.5 — 16 —
s . R 5| 28.9 | 36.7 7o -
.:7‘[: J~>s T 6 C%E 4 e - . . |
8 mm HAEL 7| OmmERRTTHERT FIEES A 285 0 36.9 6 -
o . . EWE ORI | 30.3 38.5 — 18 -
T A 4T A o7 =B - )L.M’ i
1ZmmEEEST | T7 ) 6mm BSER T7H &MU FEEAAR | 305 | 7.8 — 17 —
460~470C—Kin>HEX3H | o 4o 37.3 42.8 - 16
20mmEES* | T6 | —~100C x3~5h S aipaiil : :
mom LA —;1483150"(; X 1r0~15hr JEHEE A 75 A 38.0 43.7 — 16 —
S . [EE 5o | 207 45.4 54.8 16 17
T4 | 6mm [THER T4 4 &L iy,
mm FEAEfC T4 M 2 U FIEEMASE | 271 | 44.3 — 19 —
I R e TR I3 M 38.2 44.1 — 16 -
SERCY T 6 | 20mm FEAER T6 # & [ U L
25mm FEER 6 | 20mm FERER T6 #4 & U TEEass | s a7 B o
o FEE 5 i | 31.0 39.7 56.0 18 43
T7 | 6mm [EIER T7 MR el
o AR TTH 2 b FIEEASE | 304 | 38.9 | 52.9 18 39
L . FEOWE TR | 87.2 43.1 % | —
FER T 6 | 20mm [EAEE T6 # & [ U S
Szmm FAEH o EEALFCT6 5 L U FIEEASE | 3.7 | 43.9 — 16 —
+JIS 5 3BT
]IS 4 BB o
BT D& Bk O BBk
. . = » S & 180° it ¥ Ak Bk P9 0 24 7%
+ A - ST = . CE S
Gojs0a/a0)| " (kg |5y ay ¥ > 7| B W A i | mmwEs
» , T4 107 | 14 | 641 | 2.5 BWE O 158 | BE O 1.5
e 7,]? = S .1‘ (5] - [=]
6mm & i T7 106 108 ’ 61.7 ] 26.0 WE O 156 | #E o0 2.0
o T4 uz | 120 68.3 | 27.0 WE® 1.5 | 85 o 2.0
bl T | =) = (E]
Zomm [ A T7 109 ‘ 116 ’ 64.9 | 27.0 BE O 108 | HE® 15
8 25mm HIEH T7 O
9B oE ¥ v — R (JIS 480 (kg-m/cm?)
o) LT LW WT WL
# R 3.2 2.3 2.0 1.4
~75 3.1 2.1 1.8 1.4
~196 2.3 1.3 1.3 0.8

B 5 WA R

wmover) G E A BE SR T HEBR S Rk DU nnEs
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(169 )
W N\ = AN
A AlZn-Mg &4 ZK141 oEHE
R (x10%g/mm?)
QL2 4 5 6 7 8 0 1 2 3 5 6 7 8 2
‘ IiL@%ﬁﬁ EE & (5
35 - O‘f”‘ Eg i 3BT
—~ ] @jz_,@f”—u . T7- |

0 == 3\<\‘§\’L77 —HERIRE 30 \\ 5
g | ~N

25 i 1&; e
é / / R 51 | §25
= ] I =
~ 20 /” i VZO
{215 § § % é %;;15

10 / / St / / S 10 <

5 51—

T4 77
0 | ! 0
0 02 04 06 08 10 12 14 16 0 02 04 06 08 10 12 14 16 0 20 40 60 8 100
O & B oRE

(%)

B 6 25mm FEIEROIGS -0 3 595 & OI5F)- BRI
6 (KR, ERICHITB5IRME

B 7 25mm [TREAR O HEHE B s

® 9 6 mm [FIEN T7 HOEE S L NGBR35 REE"
X EBom 1hr & B 100 hr & = 1,000 hr % ¥
c) i IEIE SR [ ) GG R o R EIRG o
o (kg/mm?) | (kg/mm?) (%) _l(kg/mm? | (kg/mm?) (%) (kg/mm?) | (kg/mm? (%)
-~196 35.8 50.8 18 - = — - — -
—75 31.5 40.8 16 — — — — — —
¥ OB 29.4 37.5 16 — — — — — —
100 28.5 32.3 17 28.6 32.7 18 24.8 29.4 18
150 27.2 27.9 20 24.9 25.8 21 21.7 23.0 24
200 22.6 23.6 21 14.2 17.1 30 10.0 13.2 36
250 14.2 15.1 28 10.6 12.0 38 8.5 10.4 47
*JIS5 BERA T X 2 EEEABROH.
#_106°C %5 & OF —75°C DR FFIERT2 10min,
60
X ELtﬁﬁﬁ
550 1
- i
= \ 1,ooom/
=~ 40 S
e
£ '\\ \\ / OOhr
230 \\
~ 1hr
50 :3§\\ \\\\ A?ﬂ
i 1hr \\\&m ———
™ 10 100hr \i 688;: L
= it h 1.00okr ?lﬁﬁéﬁlé : X
= |
B O —i00 0 100 200 300 —200 —100 0 100 200 300 —200 —100 0 100 200 300
2 E (C)
X 8 6 mm FEEEHR T7 S OB & 51BHE DG
= HONIERR AT B 2
e 20 R IEREE SR TEEBER TR L w eees
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2 2 I 242 b~ e
il Al-Zn-Mg &4 ZK141 oMy
D E 5 & E
=10 6 mm FFRER O U5 s 7R *
% o (kg/mm?)
m B o HOM E & 5 W B E B 4 5 "
100 @ | 100 m@ | 107 M@ 10° [ 10° @ | 107 |
WO b, R=-1 20.0 16.3 13.2 19.3 15.5 12.7
T4 Frig b 51K, R=0 17,0 11.7 9.7 15.0 10.5 9.0
B, om=20kg/mm? 14.5 8.8 8,0 — — —
W ok b, R=-—1 19.0 14.8 13.6 17.2 14.3 12.8
T7 FIR Y BIR, R=10 15.3 11.0 10.5 13.0 10.3 9.6
B G 7, Om=20kg/mm? 10.3 7.9 7.5 — — —
R U 6,900 cpm,
ISR R
WH R E
20 Y N Th e & 69000 6,900cpm
2 N TEEAE) @B
18 MRS T STRI Z
=16 N : —a ‘»CY'nm:_ZOkg/mmz s,
o N
) \h\‘ | ° “4!?7:-:?;%_%; i
:;12 N 2
o8 n & | ,',: 0775~ -~ @,
10 S R ey I S R B ) Lz
R S TR Eaet 1210 G~ 05 57—
12 g = R T T~
.
6 !
4 3 L L
104 10° 108 107 108 5
HE L [0 0 5 10 15 20
FHIEH (kg/mm?)
B 9 6mm FMER T4 5@ SN iR 10 6 mm [FEEMR T4 O3 IR 5
20
WA PR
20, T mI1# % 6,000pm 6,900cpm
] " AR EHHR
18 NN el S T~
>~ JN —-— om==20kg/rr? ;g i \\1\101 e \
n/\x_E\ 16 . Ny g 15 o 106>>ﬁ%@;ﬂ?b~r
g M~ | Wl = EEEAAE LY
~ 14 * Ny iy = X T :
v N2 NA TR ?L =
12 D RS %% g [
o I -*_2 | s
10 T L o R
= \\l 52 1% 10
{2 8 n s | -\I i
T>> Ey. q,,l,
6
4 : 7 8 5
4 5 6
10 1 ffﬁﬂilﬁ E#% 10 10 0 5 10 15 20
- T (ke/mm?)
B 11 6 mm I T7 # D SN il B 12 6 mm FELEWR T7 B ORI RE K

(BAIS14E 7 ) O 1+ K o B T % BE 20 S R BN Mk s

BE 3 W O BRIE R
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Sio A = 3
e Al-Zn-Mg &4 ZK141 O8HE
11 6 mm RS-SRS T Ol 5 g Oy
| i 55l B [ (kg/mm?)
=W oo o HBOH BOm oW OB Mk P | WoOm O B O#% F
100 @ | 10e @ | 107 M | 10° @ | 10° fm | 107 [l
ioE b, R=—1 13.8 6.7 3.8 — | — —
T4 WD, R=-0.5 9.5 5.2 4.0 — - —
Frig b Blig, R=0 7.8 4.4 3.5 — — —
S‘Z iﬁ) [l“:\ )J, GleOkg/mm? 6.9 3.2 2.0 - - -
iii | b, R=~1 10.2 6.5 4.2 12.7 7.8 5.5
T7 WATIRD R=-0.5 9.6 5.8 3.3 — — —
Fiig b alig, R=0 7.1 4.0 3.0 7.6 5.3 4.1
SE ¥ R T, Om=10kg/mm? 7.3 3.9 2.0 7.5 4.1 2.3

SRBED b (BHEEIT OV TRERIZEID . #0E U 6,900 cpm,
TR
P - FREDOA —NT 2 TH Yo

% 12 6 mm PR S EEET OB BEAEIF L5 lRER S

# o & % I B i &
weom owm B om oM mERR|m o m B T BT ,
" ‘ s A) ) (4/min) | (kg/mm?)
T 4 B F IRV BT 158 240~260 26~27 25 29.9
T7THITEEEET | wam: s | ser | Ve 1 250~270 | 26~27 25 31.6
T 7 Wi BT mime LE | 240520 AT 25 32.3
*1.6mmg,
*EYYEEE S Smm, BHSEAIE 60°%
LR b o
o KB Y
16 T [ B
pEa S WA
14 6900 -\ / O 6,900cpm
12 ol S Ro—os ~ | \= Q
E R:_[l :ofjl%kg/mm“ glo o
5 NPy E
= g S NG = 0
hzem ANG-NEE . LD:E ]
K6 % Prdiom . s
= W s \g:\\_\o\\ R 5
12 4 R = 0-—A— e 5. = 1055
o ok | T~a_ [T 7% 1 \107@<
2 R a, \iL
0
10* 108 10° 107 108 0
BIE L B 0 5 10 15 20
Fryinf (ke/mm?)
B 13 6mmpESEH T4 MR AR EABEIRTO SN iR B 14 6mmEFER Td b2 6 1 i Bk O 7 S SR

HRIS14E 7 F ¥ 3 e BGWRIERT 7T K 3
(HARIBLAE 7 ) 6 IEEXEFEeE TEERX=xt Bl % B R
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15
P
‘ TR - Gi
14 - 6.900m ill J S 6,900cpm
12 SR-To N G %
by St 5
= LN A SRZD é 100\
g 10 & gm==10kg/mm? Z
feli]
o ® JIR=-05 = 1/05@
= 8 N ) >
~ NV AN y gﬁ
L 6 i MR § =
i IS
= R=0 ] RN 5 5 :
&4 e RN & 05
, 70 = 10kg/min’ 3 Py %‘
| & i
0 |
10¢ 108 10 107 108 0
3R L Bl 0 5 10 15 20

15 6mm[EAE I T7 428 G i ARk T 0 S-N ihifit

16 ‘ SEBHY
5 EE R

14 N 6,900cpm
~ 12 e R=~1
5 R=0
E \'\ R=—1 :nm:IOkg/mm2
E 10
eli] *
= 8 I N

-t
flalss] i \
X g S o ;
R R=0. 4Tt 5’*1{*,1-9
2 4 e I T =gl
on=10kg/mm? o T~La
2 AT
- S
0 - )
10¢ 10% 108 107 108
R L B

Bl A7 6mmAES T7 B2 A4 A BT O SN il

i f (kg/mm?)

B 16 6mmEAE T7 512 (- Fi T BT 00 s R

15 ;
REDH Y
T e E
N S 6,900cpm
Y
< b4
E 10y
S~
o ‘
= 10°[)
o \
N -
2 ° —~Lg]
107@
%0 5 10 15 20

FHIs A (kg/mm?)
A HER T O 97 BRI AR

18 6mmiEi T7 M2 e

213 25mm FEHEO LT 6 RHHRIL B X ODIIRIS
g oy UREORA | B R B K Y BE (e/mm) 9 xR B

(mm) ag 10° 10° 107 @ 10° [l 10° [al 107 [dl

©0 1 22.0 18.3 16.0 1 1 1

T4 1.0 2.0 19.2 14.2 10.0 1.15 1.29 1.60
0.25 3.5 19.7 10.8 5.0 1.12 1.69 3.20

0.06 6.5 17.4 6.6 5.0 1.26 | 2.77 3.20

co 1 22.7 17.5 16.0 1 1 1

T7 1.0 2.0 14.1 11.4 10.0 1.61 1.54 1.60
0.25 3.5 9.5 6.0 4.0 2.39 2.92 4.00

0.06 6.5 9.5 6.0 4.0 2.39 2.92 4.00

*D=15mms, d=10mmg¢, t=2.5mm, 60°—V EERYI/KEERC & 25O M. #EU#Y 1,700rpm,

(BRI T T

7

BT RRIET

Y ExEaE T ERKXISIE [

5

— 71 —



(173) July 1976
<Hjs A\ ‘ =32 M
e A Al-Zn-Mg &4 ZK141 OFEMWE
28 ?];SOH?DL; 28 1,7‘()Orpm
N ax=1 o ax=1 N ax=1 o k=1
Fau TR Ez | g i £ &
£ = a=20 ||l 3028 £ N ax=2.0| |||l 4 =32
o 20— L 0T e SQF = iy E -
= ™™ -:\"‘§\ ‘L;#.\ﬁ LLiell e < 16 k;\.\‘\\ | ‘\74-'\;"":
10 TR T =T T E
2 N 12 ™ s a
12 | 12 L
ax=3.5 X . el LQO- AT 3\;“0-_____
8 N, o LU T
A ax=6.5 \\=="‘--—Qé’- ne ax=3.5, 6.0 ‘~;\‘¢\:_- e L
k. lw
0 0 i i I
104 108 108 107 108 104 108 108 107 108
iR L B R L B3
B 18 25mmAEEH T4 #40 S-N il K 20 25mmEEER T7 $#40 S-N ik
8 1) — TR E
% 14 26mm [FEWR T7T MO 2V — T L 000 ) — 7 s
S BB 7 9 - 7 ¥ K (kg/mm?) Zou o~ 7 oy (kg/mm?)
1 ‘
§o)) 0.01%/1,000hr| 0.1%/1,000hr| 1%/1,000hr | 10%/1,000hr lhr | 10hr g 100 hr § 1,000 hr
50 — 25.0 29.0 32.0 36.0 35.0 33.0 t 30.0
100 — 19.0 22.5 25.0 — 29.0 27.0 ! 22.0
150 6.0 11.0 14.5 18.5 — o 19.0 1 14.0
200 — 2.9 5.5 10.0 . 12.0 9.5 i 6.0
250 — 1.8 2.8 3.8 — 5.9 4.7 \ 3.5
*ERE ST o
50 7Tl — T 50 T i T TTT
40 é)(l)eé r;’@?ﬁ Elin 40 50°C ] [ E;%ﬁ ey
30 L e 30 100°C—— ‘
ol PP L00C T 2 IS0 ST
pBrey N EEyE i 2 T UIT
=15 150CL E15 i !;g, -
€ LT = “He—L 12000 .
£ 10 = * 10 T
Eﬂ 3 ~ 8 ! :i 33
g SSH N6 i 7250°C fia
R il - i
4 I‘ | T | At ’!{/ 'K:] 4 " T
> ] //rf’ D)
| i
1 i 1 ! {
0.01 0.1 1 10 100 1 10 100 1,000 10,000
7)) = 7&E (%/1,0000r) wRureER (hr)
21 25mm FEEEWR T7 S DI —#h o Y — 7B iR K 22 25mm N T7 #Oi5—2 Y — 7 R R e
~ . A WS TS 3 M
(BFS14 7 H) O EEXEESE T FRR S R I TEEL
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> /N 2y e
feEH Al-Zn-Mg &4 ZK141 oF%E
9 BB F &
£1 EBIAYOLFERS
e % ® 5 %)
wmoom M
i Fe } Si | Mg } Mn \ Zn 4 Cr | Ti } Zr Al
ASEG-WY | <0.01 | 018 | 0.07 45 | 008 | <o.o1 | 0.06 | 007 | <0.00 | %
A5556-WY ‘ <001 | 012 | 0.04 49 | 074 | <001 | 0.9 | 0.08 | <001 | &
A7NI1-WY t <0.01 | 0.05 | 0.05 4.8 0.33 1.9 1 <0.01 0.02 0.09 %
16 BEBRSIOCBEERE
o W OE o = B % B % 1
o¥ p 5 ey i e i < e =
oy | MOECIAYE e R [ v - 2 AR | B % & M | F A % R
~ (mm) | (mm) | (A) (V) (cm/min) (1/min)
. E 1 290~320 21~22 80 30
8 R 300~320 21~23 80 30
, £ 1 320~340 22~23 60 30
%
12 Xy | 18 320~340 22~23 60 30
. % 430~460 24~25 30 40
20 XB g oy 24 430~470 25~26 30 40
| y % 2 440~480 26~28 30 40
2 | Xy o, 24 440~480 26~28 30 40
wr | E 2| L, 440~480 28~30 30 45
. w2 ' 440~480 28~30 30 45
) xp | E 1 3 560~580 26~28 30 45
Polw o 1 560~580 26~28 30 45
% e 440~480 28~30 30 45
50 Xy s | 24 440~480 28~30 30 45
SPAETE (S IR I 55 8 mm % Rk & T 90°)s
[fe}
0 . 13)
l.—
[ o [ ] 8 e & | 2
. 10 %ﬂ
i \{/900)\)/
<
ra] ot ~
N - -
{e] fan) V] O faw)
~ - © |~ B3 -~
= =
&
%
*xf L 20mm DL OB HICR ZH Y XV 2. HAREEAS, XV E SR Uo
] < A e Bl E
(RIS LAE T H) O iz E T ERRRX =L s i},‘;‘r’ﬁ
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fEH Al-Zn-Mg &4 ZK141 oW HE

10 &K o #H &

(A) i —EE

e

il
e

(Aa)

g

24 VREEERO T o wiEL (X100%7/9)

wroer e fE A EE RSB T HERR S A s DA

23
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i AlZn-Mg &4 ZK141 o#HE

1) BERORBEIMEE

R RAELHEEHT O REH

B JE HEB A RO i i Gl BB f: |
% H oA 5] ik o X [l b2l G QeERsE e e
(mmy | VW H M7 N mmy | (kg/mm?) %) L
A5356—WY 34.7 21.6 9 HAZ
» D) AB556—WY 34.7 22.6 7 Bond
ATNII-WY 35.0 22.9 9 HAZ
JIS 5%
A5356—WY 32.6 23.1 6 WM
8 U AB556—WY 35.1 23.9 8 WM
ATNII-WY 35.4 24.4 9 HAZ
AB356—WY 32.6 e — WM
JiIS 1% moU AB556—WY 34.4 — — WM
ATNII-WY 36.1 — - HAZ
AB356—WY 35.8 22.5 9 Bond
» h AB5556—WY 36.6 23.5 11 HAZ
CATNIE-WY 36.6 23.7 12 HAZ
JIs 5%
A5356—-WY 33.4 23.3 7 WM
12 moou A5556—WY 35.1 24.0 9 WM
A7TN1I-WY 36.3 23.3 13 HAZ
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