Reprintéd from SUMITOMO LIGHT METAL TECHNICAL REPORTS (Title No.P~371 )

&b

3C

TN = ABFEEICBIT A —L T T T

s B

Thermal Crown in Aluminium Foil Rolling

by Kiyoshi Nakagawa

ER SR T 3k = L B oF 78 i



B

'8

TILI =7 AEEEICBIT A —2 L7 T

Il B

Thermal Crown in Aluminium Foil Rolling

by Kiyoshi Nakagawa

This paper describes the measurement and the numerical simulation of the thermal crown in
aluminium foit rolling. Using the lead-bar press method (4¢3 mm lead-bars were installed between
the work rolls and then compressed by them), the thermal crown after the rolling was measured
and the obtained value was about 30~50 um/radius, which differs little from the usual initial

crown.

The coefficients of heat transfer, which has been used in the simulation model, were determined

by the measured values of the thermal crown.

Using this model, the numerical simulation concerning the effects of the coolant and the material

temperature on the thermal crown was performed.

The following results were obtained.

(1) The change of the thermal crown was 2 ym/radius by the 10°C change of the coolant
temperature and 5 ym/radius in case of the four-fold flow rate of the coolant.

(2) The increase in the thermal crown was 16 ym/radius by the 10°C increase in the usual
material temperature. And this can not be controlled by the increase in the capacity of
an ordinary coolant system. It is neccesary, therefore, to investigate the initial crown of

rolls or to reinforce the flatness control system.
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Fig. 1 Examples of foil profile.

Fig. 2 Example of buckling wave in foil rolling.
(View from the exit side of mill)

Rolling direction

Fig.3 Example of the rolled line of foil.

(Arrows show rolled line)

Table 1 Dimensions of rolls and rolling conditions

for foil mill.

Roughing mill

Finishing mill

Roll dimensions (mm) | ¢280/#850X 2000¢ | ¢280/$850 X 20004
EXxit foil thickness (um) 30~200 6~30

Foil width (mm) 800~ 1700 800~ 1700
Max. rolling speed (m/min) 1500 1200
Rolling force (tonf) 150~ 400 150~ 400
Front tension (kgf/mm?) 2~5 2~5
Back tension (kgf/mm?) 2~5 2~5
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Fig.4 Measurement of thermal crown by the lead-bar press method.
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Measurement of Electrode Potentials during Anodic
Oxidation and Electrolytic Pigmentation

by Yoshifumi Hasegawa and Masao Nishino

Electrode potentials were measured with Cu-CuSO4 electrode during the anodic oxidation and
the electrolytic pigmentation of extruded 6063-T5 alloy. Following results were obtained.
(1) Anodic potential of sides and bottoms were higher than center area in anodic oxidation,
which corresponded to the distribution of anodic film thickness.
(2) Similar result was obtained on cathodic potential in electrolytic pigmentation, which
corresponded to the distribution of darkness of color.
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Fig.1 Schematic electrolysis installation
and position of measurement.
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Fig. 2 Schematic diagram of electrolysis.
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o (Fig. 1 oA, C, F, H) i3, @EriiEw
BALERL T iz,

ZOFERD L, BEE%B%E Smin 25 15 min HDET
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Table 1 Electrode potential during anodic oxidation and electrolytic pigmentation.
Anodic oxidation (V) Electrolytic pigmentation (V)
No. of Unit Position Potential
5 min 15 min 30 sec 3 min 5 min
. 12.0 12.0 20.0 24.3 24.7
X Potential - - —12.5 —16.0 ~16.3
A +0.22 +0.22 — —_ —
- - —1.60 —1.25 -1.38
1
B Potential difference +0.06 +0.06 - - -
vs position x - - —1.00 —0.84 —1.02
C +0.20 +0.20 - - —
- - —1.66 —~1.31 —1.58
. 12.0 12.0 - - -
X Potential - - ~12.5 ~16.0 ~16.5
2 D -0.12 —0.12 — — -
Potential difference - - —0.28 —0.16 —0.10
- vs position x +0.10 +0.10 _ - _
— - —1.68 —1.05 —~1.22
. 12.0 12.0 - - -
X Potential - - ~12.2 ~15.8 ~16.3
F +0.15 +0.16 — - -
- - —1.65 —1.34 —1.16
3
G Potential difference +0.02 +0.02 — — —
vs position x - - —1.56 —1.43 —1.32
H +0.12 +0.14 - — -
- - -1.80 —1.68 —~1.65
1 Voltage of electric source 14.3V - - -
Potential between electrodes 13.9V 18.0 19.4 19.5
Note : Upper value : Anode potential (peak value, V)
Lower value : Cathode patential (
26
B TR EAE BB R 0 & ictkeicm Lo
7, OO, BEREMEIT/ —Fr—7BfLEAY—F
FE— 7B MNOWTNLRESC T -T2, oA LR 20 Cathodic
B BB ERE VIR E L, polarization
m Y — FE— 7 BAODIZEIRR O BALAE
¢, RRERBHIED o2, BB, THHAY—FE—7
BAOKRERLERICLZ2BDBS LIIHIGL Tz, o
a3 Sl = 10 Ohm loss of
Tihbb, #V—FE—7 BRAEHCHHII R LS = electrolyte
% L. £
(3) TREMFERICBIT B AV — FRIGKDEMITT < :
il r L CH EEE1SY, 30sect, MB16T K UF bolarization
26°C DA % Fig. 3I10RT, BEIEL, EFEEOL — 0
LD KREVICC HEAITIE, AV — FEMIHIS (R
S THE, BBREINCEEIERV EEBIEATENZ L & o @ i
—EL T3 2 Ton -
© <C
3.3 “*%ﬁ%&@ﬁﬁk@?%%ﬁ = — >0

BBimE L, KBS EOEMENDOENS A ONE
BEH 5 WEERANERICAMATELTHS ),

LA L, &DBERECESRIZ, ZKERICBNT, L
DT ) — FE— 7% u&ﬁv—Ft 7 B OMEIHE
LELHY, BENHIPENZ & TH S (Table2 ZH),

10

Fig.3 Potential distribution between anode and

cathode during electrolytic pigmentation.
(18V, at 30 sec)



Vol. 26 No. 3 Pt Bt B O KRS 1 B U 2 BN O BALS A 133

Table 2 \Electrode potential during electrolytic pigmentation.

Voltage of | Peak potential Electrode potential vs Cu-CuSO;
Temp. electric between Ohm loss in solution
source electrodes (Peai:{ag:)(zggtial) (Pealt potential)

) (V) (V) 30" 90" 150" 30 90" 150" 30" 90" 150"
8 11.3 7.3 7.4 7.5 9.3 9.6 9.6 2.1 2.1 2.1

10 14.0 8.9 9.2 9.0 11.8 11.9 11.8 3.4 2.9 2.9

12 16.5 9.9 10.3 10.3 13.5 13.5 13.5 4.6 4.2 4.2

1 14 19.7 11.4 11.6 11.7 15.0 15.0 15.0 5.6 5.5 5.4
16 22.6 12.1 12.8 13.0 15.9 16.9 17.1 7.6 6.7 6.6

18 25.3 12.5 14.4 14.9 15.9 18.0 18.1 9.7 8.1 7.8

8 11.5 7.9 8.1 8.3 10.0 10.5 10.5 1.7 1.7 1.6

10 14.3 9.7 9.9 10.2 12.5 12.5 12.8 2.6 2.3 2.3

12 16.5 10.9 11.4 11.2 14.5 14.6 14.5 3.7 3.5 3.3

“ 14 20.1 12.4 12.5 12.6 16.1 16.5 16.5 5.3 5.0 4.9
16 22.8 13.2 13.8 14 .4 16.4 17.9 18.5 6.7 5.8 5.8

18 25.5 13.4 14.7 15.3 16.9 18.5 18.7 8.7 7.5 7.4

8 11.1 8.5 8.5 8.5 10.6 10.4 10.5 1.4 1.3 1.3

10 14.1 10.5 10.9 10.7 13.3 13.2 13.2 2.3 1.9 1.8

12 16.5 11.7 12.2 12.0 15.0 15.0 15.0 3.1 2.7 2.6

» 14 20.0 13.8 13.8 13.9 17.3 17.3 17.3 4.3 4.2 4.1
16 22.5 14 .4 14.6 14.9 18.0 19.3 19.4 5.5 5.2 5.0

18 25.3 15.6 17.9 18.5 20.5 21.8 22.0 6.8 5.0 4.6

OH- HSO4~ Anodic oxidation
(Anodic reaction)

Anodic oxide film
in electrolytic
pigmentation solution

HY

02~
A+ ML AL, S04

QO Anion defect
Al e

B Cation defect

Electrolytic pigmentation

.
N Hr (Cathodic reaction)

Ni Hy

Fig.4 Schematic model of electrolysis.
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Corrosion Resistance of Copper Alloy Condenser Tubes
Related to Surface Film formed on Them.

by Tetsuro Atsumi, Kyuji Sudo,
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Corrosion Resistance of Copper Alloy Condenser Tubes
Related to Surface Film formed on Them.

by Tetsuro Atsumi, Kyuji Sudo,
Koji Nagata

It has been well experienced on copper alloy condenser tubes used in power plants where
cooling water is polluted by small amount of sulfide ion that aluminium brass tubes suffured
severely pitting corrosion while AP bronze (Cu-8%Sn-1%A1-0.1%Si) tubes suffered slightly general
corrosion. Difference of corrosion resistance of both copper alloy tubes is considered to be
mainly due to the electrochemical properties of inner surface film formed on those tubes in
polluted sea water.

In order to make clear the relationship between corrosion resistance and electrochemical
properties of both alloy tubes, corrosion test was made in flowing polluted sea water for one year.

The results obtained are as follows;

(1) Electrochemical properties of inner surface film formed on AP bronze tubes were not so
dependent on the pollution of sea water. Those tubes showed fairly high polarization resistance
of 0.5~3X10'Qcm? and small potential difference from metal surface of new tube of 50 to 100mV.
They also showed good corrosion resistance regardless of the pollution of sea water.

(2) On the other hand, electrochemical properties of inner surface film formed on aluminium
brass tubes were much influenced by sea water quality. In clean sea water, those tubes showed
high polarization resistance of 3~10x10*Qcm? and small potential difference of about 50 mV.
The depth of corrosion of those tubes was very shallow. While in polluted sea water, they
showed low polarization resistance of 0.3~1.0xX10°Qcm? and large potential difference of 100~200
mV. Tubes suffered severely pitting corrosion of 0.3 to 0.4 mm.

(3) The depth of corrosion of both alloy tubes in polluted sea water is mainly influenced by
the potential difference between metal and inner surface film formed on them, but not much
influenced by the polarization resistance.

It is estimated that the excellent corrosion resistance of AP bronze against polluted sea water
is due to the uniform formation of SnQ; film having the stable electrochemical properties, namely
small potential difference to base metal and fairly high polarization resistance.

LEEE (JISH3300 C6870~C6872, Cu-20 Zn-2Al, LI T,

1. # g TOUT BIE LW D) 4, BYIKT Tl AP 70
WRBERBREE & LT, HEBKTTETL = > X% (Cu-8Sn-1Al-0.1Si)V A KRR #} & L IR X
+ (RERHATIES 5, 24(1985) 12 Bk NTEL, 2DFHERKIZ Table 12 I07RT & 5 I BT
= R IERT & B R 2 Th b,
v AR R e T EZAT, HEBKTIZEWT, Fe®™ A TEELN

13
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Table 1 Statictics on the number of condenser tube failures in three major

Japanese power companies in 1956 ~ 1981, (Number of units: 111)

Clean sea water
Cooling water Non Fe?* Fe* Polluted sea water
injection injection
Tube alloy Al-Brass Al-Brass | AP Bronze
Total tube number(N) X Operational duration in years(Y), 7,294,582 10,967,241 2,059,404 2,796,167
N X Y in tube-years (~26years) (~17years) (~21years) (~17years)
inlet attack 0 1 0 37*
by foreign body lodgement 524 351 2 0
Erosion- by vibrating foreign bodies 0 0 0 0
g corrosion by sand 0 0 0 0
% by excessive passing balls 0 0 5 25
;j:; %ﬁﬁi%;l?;ta tiirgg)ingement attack (by Mn rich 2,435 17 5 0
5 | Polluted
g | sea water pitting by sulfide 0 0 838 0
g Stress corrosion cracking 33 1 225 0
Tg Fatigue cracking by vibration 0 1 0 0
& Ammonia attack 29 12 50 1
Mishandling 2 3 0 10
Unconfirmed 96 111 0 12
Total 3,124 497 1,125 85
Failure rate (Number of leaked tubes per 10* tubes per year) 4.82 0.45 5.46 0.30

* Excessive sponge ball cleaning

AR RT T EEED, WREA A VIC Lo THERL
AT TEL WILE 2%, BHRRERICESZ
FAEBRBRLTWSE, —HInk ) kiHEREKTTYL AP
Toyr XEREEREY ST 5 L0NDTNHEREIT/
2, REEBERPELLY - ATBRE L AR PR
P (LUF, SB ¥ LT 2) #EML27 7> b
DBELHEFETH S,

Tk, BEREATICBT &R AN
CtoTRBAEBIXIE, £ L TERERBRE NS EE
NEEALEREENR LD LN EEZL LN, B
SELF LD I & ) GBS bHAEEOT ETELFHE S
Ty,

AHFZE I3 BT E S X R O8I 1 18T, KERIE
WEDWEKDTEREN TS &A% S NEHBIC LY
3k, FREEmBEEFRERICEKREREE (LT, €
FravFry—:MC EMETS) &), THIH
$, AP 7ur ZWAEIERE b REEEOESL
BAUREEIE R 1 RIS bz - THIEL, F& L THERIEK
hTOTA DK Al REEREOBREERLZ
LOThHb,

14

2. £ B F &
2.1 #RPRURBRES
BERMIE MR LY, WE 1.25mm HT LI E (JIS
H3300 C6871) B AP 7ur XETHbH, ABFEHE
Table 2 i25R7F . M MC & § EWNEIL 2.3 m/sec TH
2, B HF-ERIE, NaS Ric & s ALMEKER,
TBREIC L B Fel A, 26mme DFBEE AR PR—
JUC & BT, Table 2 I2RTAKENT CHERZM

Table 2 Test conditions.

0 Amaggsaki
saka MC Higashi MC
Flowi

ratgvmg 2.3 m/sec

Injection Yes (0.05ppm cont.), Yes (0.1ppm cont.),
of S% None None

Injection Yes (0.03ppm cont.),

of Fe?* None

SB Yes (4 ch/w X 20 p/ch.),

cleaning None
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Fig. 1 Schematic system diagram of Osaka Model Condenser.
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Fig. 2 Equipment for continuous analyzing of sea water.
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Fig. 3 Continuous analysis of sea water at Osaka MC.
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Fig. 4 Continuous analysis of sea water at Amagasaki Higashi MC.
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