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Influence of Pretreatment on Electroless Ni—P Alloy
Plating for Magnetic Hard Disk

Makoto Yonemitsu and Hiroshi Ikeda

In order to increase recording dencity of magnetic hard disk, thin film media obtained by
sputtering or plating has been developed. Since these media require more flat substrate, electroless
Ni—P plating is emploied to harden surface and facilitate polishing. For successful application,
Ni—P plating must satisfy many properties such as finishing roughness, magnetization, adhesive-
ness and so on.

The object of the work in this paper is to examine various pretreatments on 5086 aluminium
alloy substrate which is the most common material for hard disk. Results indicated that the
process having alkaline non-etch cleaning, hot acid etching and double zincate treatment which
produced homogeneous and thin zinc deposition seemed to be applicable. Though deeper etching
improved adhesiveness, it increased roughness after plating.

(BB 1] 2 75 2 i b K B e B = &
1. # WEMNI—PsH- 213, £ THHGLATHD
SIS B AL 25 AOBIEILRBEI L. 2 AHO L BRI L€ o B SR D

WESRT 4 A7 HEEIE T 7 A N A® ) —DOHLLEIRE 2 1 TRIFEAEBREN TV, FIT, BRT 4 27T~
- TEY, FORBEEIFERHELODHLY P DIEHEH - EOBMAY B E LT, HHRME, HML_}E
WRT 4 A7 EBIZBVWT, 74x7ﬁ%iﬁ§%% S, - BEMBESL S - B RBEOFEREIC

RN —2TH B, T 4 A 7 HARDFERIZ 1T IEREME, THBLIRAELL, ARIZEFNH B, w%A%@%ﬁm

SRR, RAEEINCE, BEE, (RS L & ORRFES TR METRAC B IR, KEM S ROREMRNI-P»
ENBY, INLOBRP L, RIRTRBEAT 4 2 7% - &R BEOEAEMC RITT RILEEHEOREIC OV TR
WMELTT NI =7 2080 Bl Ths EEZ LN, R iR ERND,
HDBATRBER T 4 A 7 MU, 5000RDAEH R

ENTwd, 72, @EELCH-T, - 2REUR

P I P DR I ORISR S R T,k 2. ® B 7 &
R EBREEI LA RE L FEEBENI— P » ELHSH 2.1 #5H
RRER{CALE % 5 L 72 25 fA S T 39, Gl S Ni—P s - & B o F o TR TER S L irEIt:
BARKD TR D&M L LT, KO E»HE & hald 5086 T LI = ARET 4 A7 EMR A RBICHL 72,
b7, F 72, WML L TRBOTE CERE NL07568T
(a)to s H Y, BRIFLMEBEL LR ™o 2 4 A7 B~ 7z, Table 1 12 B3 ER DL
&, W emL 7z,
(DBEIETHZ 6N ABEMETHH LI N L2 &, 2.2 EBRF*E
()EEHZZ7—%E L SERMRMI TN &, — Wiz, BRT 4 A7 FAEEMENI—PH - & DORjLE
TR, Fig. LIoRT &9 Tha, Tan) BETRC
* HRAET AT TEBETCAE L TS 2 HRER, v Fr 7L



236 A B &2 B B #H

October 1988

Table 1 Chemical compositions of substrate materials.

Chemical composition (%)
Alloy

Si Fe Cu | Mn | Mg | Cr Zn Ti

5086 | 0.05 | 0.07 | 0.02 | 022 | 418 | 0.04 | 0.01 | 0.01

7075 | 0.16 | 0.32 | 1.51 | 0.24 | 2.77 | 0.17 | 542 | 0.13
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Fig. 1 Pretreatment for electroless Ni-P plating.
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Table 2 Pretreatment solution and operating condition.

Type Composition Operating condition
Alkaline degreasing type 1 Commercial non-etching type 60 °C, 3 min
Alkaline degreasing type 2 Commercial weak-etching type 60 C, 3 min
Alkaline degreasing type 3 40 g/! NaOH 60 C, 2 min
Acid etching type 1 30 % HNOs RT, 1 min
8 % HF

Acid etching type 2 5 % H2S0, 80 °C, 3 min

. . 5 % HaSO04 )
Acid etching type 3 3 04 H:POs 70 °C, 3 min

Nitric acid treatment 30 9% HNO; RT, 30 s

Zincate type 1

50 g/ ZnO
260 g/! NaOH
1 g/l FeClz-6H20
50 g/! Rochelle salt

RT, 1 min (Ist)
RT, 20s (2nd)

Zincate type 2

20 g/ ZnO
120 g/! NaOH
2 g/l FeClz-6H20
50 g/ Rochelle salt

RT, 1 min (Ist)
RT, 20s (2nd)

Conditioning after zincate

30g/!/ NaHCO3

RT, 30s
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Table 3 Pretreatment procedure.
No. Substrate Alkaling Acid.r Nitric acid 1 _st Nitric acid 2 pd Conditipning
degreasing | - etching treatment zincate treatment zincate after zincate
1 5086 Type 1 Type 2 Use Type 2 Use Type 2 Use
2 5086 Type 1 Type 3 Use Type 2 Use Type 2 Skip
3 5086 Type 2 Type 3 Use Type 2 Use Type 2 Use
4 5086 Type 3 Type 2 Use Type 2 Use Type 2 Use
5 5086 Skip Type 2 Use Type 1 Use Type 1 Use
6(a) 5086 Skip Type 1 Use Type 1 Use Type 1 Skip
6(b) 7075 Skip Type 1 Use Type 1 Use Type 1 Skip
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Fig. 2 Weight loss and gain for various pretreatments.
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Fig. 3 Substrate roughness for various pretreatments.
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Fig. 4 Substrate gloss for various pretreatments.
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Fig. 5 SEM image of substrates after various alkaline degreasing treatments. (X 3000, §=20°)
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(@) Procedure No.1 {(b) Procedure No.2 (¢} Procedure No.3
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Fig. 6 SEM image of substrates
after various acid etching treatments.
(3000, §=20°)

(g) Procedure No.6 (b)
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(b) Procedure No.2 (¢) Procedure No.3

(d) Procedure No. 4 (e) Procedure No.5 (f) Procedure No.6 (a)

Fig. 7 SEM image of substrates
after various 2nd zincate treatments.
(%3000, g=20°)

(g) Procedure No.6 (b)
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Fig. 8 Adhesive force for various pretreatments.
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The Effect of Substrate Surface Conditions
on Recording Properties of a Sputtered Disk

Takao Aimu and Makoto Andoh

The effect of surface finishing process and roughness of Ni-P plated substrate on the recording
performance of Co-Ni media were investigated. The results obtained were as follows:
(1) The magnetic easy axis of Co-Ni media sputtered on a circumferencially textured disk was

oriented to the circumferencial direction.

The recording properties of Co-Ni media on a textured disk were better than those on a

polished disk.

(2) The increase of substrate surface roughness decreased S/N ratio, but did not influence track

average amplitude, resolution and over-write.

(3) The number of head-hit increased with roughness.
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Fig. 4 Disk Sputtering system.
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Fig. 5 Structure of layered magic

recording media.

Table 1 Sputtering conditions.

Film Thickness (A) Ar g(Ia;Tp;frs)sure Power (kW)

Cr layer 3,000 8 3
Co-Ni layer 700 8 1

C layer 400 8 1.5
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Table 2 Read write test conditions and head specification.

Recording frequency 2.5/1.25MHz
Rotational speed 2860 rpm
Test radius 34.0 mm
Recording density 12700 FRPI
Head type 3370 TYPE
Gap length 1.0pm
Gap width 18 pm
Coil turns 18+ 18
Flying height 0.31 gm
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ness and head hit.

619A, 944 A 774 FT AL~y FiELEE 022
pm (=2200 A) 2l L T/ v, Lizd-»T,
~y FIELES LY /b3 WEBH R T~y FoiE
LLREERD L J &7 7,

(1) KM ERmax» 74 27 &M ERFEL T,

REERIC I FET WD 5,

(2) TN B BFICHEL (LS 2,

4.3 FEE4EH

(1) LS - ofFae

Fig. 9 {2, #HRIMNEDHE B, SBHECRITT
WREITRLz, R vy a BRICHANRT 7 25 » HAR
FHAEEREHI0% EEERL 2, ZOBEBEIZOW
TS, 4.4 HTHENE, ®Y v ol 7725k
W& BICHERNE, MEOHELFTT—ETH-7,

SIERRIZ AR OBA LR, T 7 2F v R0 H
R4 W@ MEETR L 228, HEDOMEIEITEH LN
272,

(2) A—"—TF4 M, S/NIt

Fig. 10 (0 EAREMMKE & 4 — 3 —F 4 M, S/N
WORBRERL?Z, &—"—F 4 MR, Bt
FFHT Y » o 2 RO T T 7 2 F v HEf LY B2
EERL7z, ZHUE, 77 2AF v B RICREE L7
PEED RIS 25, R) v 28R ENEFN LD L kEL
UoleZ BICERET S,

—7%, S/N HIEHERS, SR RET 7 25 +
B RIFaEERLz, T, 77 AF v HERKNE
HEHIIHRY) w2 BICHE L TEW72F S/N



248 EF XA B 2B B R October 1988
80 1 T 100 —30 T
e}
e}
o e} o
O e} 8 g
(e} . mil o ju] .
5 © O B
g 70F - 90 o —35F Texture | Polish |4
oy = : o Over:
] — 2 :
E -9 — ° Bo—---- E _____ ¢ & B write | © =
@ o
5 ° E S < S/N ™ ]
o e m—— N _ __ 5 0
oo | ] [+ &
© I 8 = .
< o £ 5
: ® _ .- m
o 6OF -4 80 g —40f - °-
= - . -7
Texture Polish -
PP
Amplitude | © a $ - H
Resolution ° u -7 e
50 L L 70 45 L L
0 40 20 120 0 40 20 120

°

Surface roughness. Ra (A)

Fig. 9 Relationship between surface rough-
ness and amplitude, resolution.

DEFICES Lo Bbnd, 72, S o
v S/N gL 72, BEHITME ogsiy
FUT—ETHbI Eh s, ZOELOBEEIZ, HED
RIS & D HEE RS IML 22 Th DB, Lizhi- T,
S/N WA m L2320, BERA»KkECT 725
X BT, HEFEODL e BHEND NS R T 5,
4.4 BTN

Fig. 11 i27 7 ZF v #:4R, R v & 2 3 FICERK
L 72k omi@ e 27 ) > 2l 2Rz, T7 A

o

Surface roughness. Ra (A)

Fig. 10 Relationship between surface rough-
ness and over-write S/N ratio.

F oo Bb LWL, T4 2 7oMBEHE, Thbb,
T AT ) o TOWMBEF I EERE ML 25,
BTN Ml U CHREE D, BRIt kE v 2T
Jeafige R L, FRUSHLT, B v ik
DN ClE, WREZMHE, EEMADFRICETL <
LA e A7) 2R UK E -7, Thabb,
T 7 AT o HeM B Tl R I o R LA Bl P B T s
b, ) wl W ETERETEEIHRLNT,
AN THETHTH - 72, - ORRBF I RET 5 56

Circumferencial

—— — — Radial
M(EMU) M(EMU)
005 |
//

l f f 1
0 1 2
H(kQe)

a) Texture b) Polish

Fig. 11 Hysteresis curve.



Vol. 29 No. 4 2%y TR T 4 A 7 ORCERFRIEC BT T AR R DR 249
51, BEWLOEMD, T 7 2AF v EWOBLEL N %k (3} ~w Frew M, RS S dicml 2,

E{LzeEzons,
T 7 AF o AR B TIERCE AU B REVERE AP & 5 T
AEFEEFREOZ Ll DWTE, TS 15 BEIERE DR
SR B A, WA RN EE LIk 5 L onid
T TH DY, ENREREIELND T 7 AF x5
i3, EEERSLICHL TRTREEbILS,

5. #5

KT, BET 4 A7 H Ni-P & - & H:ion KEiE
RS A2y R T 4 A 7 DELERFFIC R T 8
DWTEEL 2, HonERE, UToes) Ths,

(1) Ni-P - EHEMERICT 7 A F %) > 7ML
Mz eicky), 20 RICA/y FEETHIEL 72 Co-Ni
WEDOHALE BT HE M, ®Y v 7L
DG &) B REREE R 2,

(2) FLERBRMEICAT HHLE B, S/N HICHE
2o b1, HI§0)I*M[It &ELIT S/N iz gibL 72,
AT, SigRe, A —o— T4 PRI S oL
Sl w72,

-

15

B, RBOEBRICEY, 2oy FREEIC L 5 RED
WIS, BERT 4 A7 DFHMIIC SR Mt 71 % TH 72, R
SRR T MBI E LB L EF 5,

X B
1) M. Ishikawa et al.: IEEE TRANS. MAG. MAG-22, (1986),
573.
2) R.D. Fisher et al.: [EEE TRANS. MAG. MAG-17, (1981),
3190.

3) J.C. Allan and R. D. Fisher : IEEE TRANS. MAG. MAG-23,
(1987), 122.

4) E. TENG and N. BALLARD : IEEE TRANS. MAG. MAG-22,
(1986), 579.

5) R. G. Johanson and W. G. Carruthers: J. Vac. Sci. Technol,,

A4 (3), (1986).

I, A PR, MHE R DA,

MO, RE KRR, AL IR,

SETOIEIEN R 2, (1987).

G. V. Elmore and PA Bakos: J. Electrochem. Soc., 10 (1964),

550.

o
fais

26 (1985), 4
'éw&mﬁﬂm

-3

0

oo
~——



Reprinted from SUMITOMO LIGHT METAL TECHNICAL REPORTS  (Title No.P-418 )

&b

3C

Development of Elevated Temperature P/M Aluminium
Alloy by Rapid Solidification Processing*

Shigenori Yamauchi**, Kazuhisa Shibue**, Hideo Sano**,
Kiyofumi Ito** and Susumu Inumaru**

ERE SR T kA & 50078



2

3C

Development of Elevated Temperature P/M Aluminium
Alloy by Rapid Solidification Processing*

Shigenori Yamauchi**, Kazuhisa Shibue**, Hideo Sano**,
Kiyofumi Ito** and Susumu Inumaru**

This paper describes the developmental work of the elevated temperature P/M aluminium
alloy by rapid solidification processing. Through an evaluation of various alloy systems, Al-Fe
system was selected from the viewpoints of solid solubility, diffusion coefficient, liquidus tem-
perature and material cost. Mechanical properties of various Al-Fe system alloys were investi-
gated at room and elevated temperature, and Al-8Fe-2V-2Mo-1Zr alloy was selected for addi-

tional detailed evaluation.

This alloy was found to be superior to the conventional aluminium

alloy 2618 in room and elevated temperature tensile strength, in thermal stability of hardness,
and in fatigue and creep strength. Excellent properties mentioned above were attributed to the
fine dispersion of Al-Fe-V-Mo, Al-Fe and Al-Zr system intermetallics.

1. Introduction

Recently, new aluminium alloys are being de-
veloped by means of rapid solidification and pow-
der metallurgy (P/M) processing. One of the al-
loys which exhibit well the advantages of rapid
solidification is the elevated temperature alloy.
This type of alloy has high strength at elevated
temperature, due to the fine dispersion of insolu-
ble intermetallics.

Among this type of alloys, Al-8Fe-4Ce alloyV
(in weight % for all alloys in this paper) and Al-
8Fe-2Mo alloy? have been being developed since
the early 1980’s. And, the detailed investigation
has been made to apply Al-8Fe-4Ce alloy to the
impeller of the compressor for small gas turbine
engines®. While the investigation for the applica-
tion of both alloys has been continued, new alloy
systems also have been investigated to improve
much more the elevated temperature strength
and thermal stability??.

Al-Fe-V alloy?, Al-Fe-Zr alloy® and Al-Fe-V-Si

+ A part of this work was presented to Sintering '87, Tokyo
(’87 International Symposium & Exhibition on Science and
Technology of Sintering held at Tokyo, on Nov. 4~6, 1987).
Proceedings of the Symposium will be published in the near
future.

#* Technical Research Laboratories
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alloys?” have been developed by means of melt-
spinning method, and some of them had the con-
siderably high strength. However, the manufac-
turing cost of them might be higher than the alloys
by gas atomization method, because the process
requires the comminution of the melt-spun ribbon.
The purpose of this work was to develop an
elevated temperature aluminium alloy by means
of gas atomization method. Promising alloy sys-
tem was selected by using the principles to rep-
resent the strength of the dispersion-strengthened
aluminium alloys. Then, the tensile properties of
various alloys of the selected system were evalu-
ated for the selection of the most promising
alloy. At last, the selected alloy were evaluated
from the viewpoints of elevated temperature ten-
sile properties, thermal stability, fatigue stren-
gth, creep rupture strength and microstructure.

2. Alloy design

2.1 Criteria for alloy system selection
Following two equations were used as the prin-
ciples to evaluate the alloy systems :
G,,0c V32 1 (1)
d»/dt ocD-C-o/7? (2)
where ¢,, is yield strength, V: is volume fraction
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of dispersoid, # is radius of dispersoid particle,
dr/dt is coarsening rate of dispersoid particle,
D is diffusion coefficient of alloying element, Cis
equilibrium solubility of alloying element, and
o 1s interfacial energy between dispersoid particle
and matrix.

Equation (1) is based on the theory by Fisher,
Hart and Pry®, and was verified to account for
the yield strength of dispersion-strengthened alu-
minium alloys?. The equation shows that the
yield strength increases with the increase of
volume fraction (Vi), and with the decrease of
particle radius (7). Therefore, volume fraction
(V) should be fixed when the various alloy sys-
tems are evaluated. And, it is of significance
to select the alloy system in which the fine disper-
soids are not likely to coarsen during the consol-
idation or in the service condition.

Equation (2) is based on the Wagner-Lifshitz-
Slyozov theory!®V for volume diffusion control-
led coarsening. According to equation (2), low
coarsening rate is obtained by selecting the
alloying element with low diffusion coefficient
(D), low solubility (C), and/or low interfacial
energy (g). Although low interfacial energy is
obtained by the low lattice mismatch between the
intermetallic compounds and the aluminium

matrix, data on interfacial energies of inter-
metallic compounds are much limited. Thus,
only the D-C will be evaluated here.

In addition to the fundamental principles
mentioned above, it is important that liquidus
temperature of the alloy is not so high because
high liquidus temperature leads to the difficulty
in rapid solidification due to the wide melting
temperature range. It is also important that
molten metal does not separate into two or more
phases. Moreover, cost of alloying element is
of significance in a practical sense.

From the avove consideration, criteria for al-
loy system selection were decided as follows :
(a) low D-C, (b) not so high liquidus temperature,
(c) single phase in molten state, and (d) low cost. It
was also decided that evaluation was carried out
at the fixed volume fraction (0.35) of dispersoids.

D- C was evaluated at 450 C which was almost
upper limit of consolidation temperature and
service temperature. Published data on solu-
bility, diffusion coefficient and liquidus temper-
ature were used®1¥, Solubility at 500 ~ 527
C was used as a substitute for the solubility at
450 °C, because the solubility was not consid-
ered to change largely at the temperature
between 450 C and 500 ~ 527 C.

Table 1 Evaluation of basic alloy system for elevated temperature alloys.
(a) Solid solubility (C) and diffusion coefficient (D).

(
{

b) Liquidus of the binary alloys containing 35 volume percent of dispersoids.
c) Material cost of the binary alloys containing 35 volume percent of dispersoids.

(a) (b} {c)
Aoying | 50527 | pasoe |, o posible | ATOULOLANGS | Liquaus RS |
element (at %) (cm?/s) dispersoids (wt %) (c) (Yen/kg)| (Yen/ke)
Ti 0.14 6.9%10-15 | 9.7 10716 Al Ti 15.0 1250 2500 588
\Y% 0.20 6.8 10714 | 1.4x 1071 AlygV 5.9 >800 8000 707
Cr 0.19 6.4 10712 | 1.2 1012 AlLCr 8.4 1000 1000 313
Mn 0.26 4.0X10710 | 1.0 1010 AlsMn 9.8 800 600 284
AlsFe 179 1010 50 214
Fe 0.003 2.5X 10713} 7.5x 10716
AlFe 10.5 910 50 229
Co <0.0092 | 1.0x10712 | <93x10718 AlgCos 138 900 8000 1320
Ni 0.003 50X 10713 | 1.5 10715 AlsNi 18.6 800 1000 390
Zr 0.015 2.1x 10715 | 3.2x 10717 ALaZr 23.8 1370 9000 2333
Mo 0.06 1L1X1071 | 66X 10715 AlizMo 8.9 >1000 5000 673
Ce 0.002 16X 10714 | 3.2x 1017 AlCe 25.2 900 20000 5227

17
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2.2 Result of alloy system selection

Ti, V, Cr, Mn, Fe, Co, Ni, Zr, Mo and Ce were
evaluated because these elements seemed to have
single phases in molten state and low D-C in alu-
minium. Table 1 showed the data on D-C, liqui-
dus temperature and material cost of the binary
alloys containing 35 volume percent of disperso-
ids, assuming the possible intermetallic disperso-
ids and price of additives. Zr, Ce, Fe, and Ti
were selected because of low D-C. Among them,
Fe was selected as the most promising element
from the viewpoints of liquidus temperature and
material cost. Zr and Ti were unpreferable due
to the high liquidus temperature, and Ce was ex-
cluded because of the high material cost.

From the above evaluation, it was decided that
Al-Fe system alloys would be investigated here
with the other elements being the third to fifth
additives to Al-Fe alloys. Amount of Fe content
were fixed at 8 9, because the strength of Al-Fe
binary alloy increased with the Fe content up to
8 95 and increased no more with the Fe content
more than 8 %1%,

3. Experimental

5 kg batches of the alloy were melted in the
induction furnace and rapidly solidified by He gas
atomization. Cooling rate was of the order of
103~10¢ ¢ /s'®. Each powder lot was screened,
and powders with the diameter more than 149,m
or 105 ym were removed. Then the powder
was compacted in a closed die to obtain the
billets with the diameter of 63.5 mm and length of
100 ~ 120 mm. The billets were placed in alu-
minium cans and were degassed in vacuum at
400 C. Holding time was 1h and pressure
reached to 10=% Torr during degassing. After
sealing the aluminium cans, the billets were
extruded by indirect extrusion press. Extrusion tem-
perature was 400 °C, and extrusion ratio was 8.5~15.1.

Extruded bars were submitted to tensile tests
at room temperature and 250 °C in order to
select the promising alloy. Parallel part of
tensile test specimen was ¢ 10 mm, and gage
length was 35 mm.

For the selected alloy, tensile properties at
room temperature to 450 °C, room temperature
hardness after isochronal annealing up to 500 C,

unnotched fatigue strength at 107 cycles up to

200 ¢, creep-rupture strength at 100 to 300 C,
and microstructure were investigated.

4. Results and discussion

4.1 Alloy selection

Fig. 1 showed the tensile strength of Al-8Fe-X
ternary alloys with the additives of Ti, V, Cr,
Mn, Co, Ni, Y, Zr, Nb, Mo, Ce or Nd.  Ternary
alloys had higher tensile strength than the binary
alloys although there were a few exceptions.
Among the third alloying elements, Zr, V, Ti and

.Cr were effective to raise the tensile strength at

60
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40+
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20

10

Tensile strength (kgt/mm?)

0=z 2Fe 2Ti 2V 2Cr 2Mn 2C0 2Ni 2Y 2Zr 17r 2Nb 2Mo2Ce 2Nd

Alloying additions, X

Fig.1 Tensile strength of Al-8Fe-X alloys at room
temperature and 250°C (holding time is 100h).
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17r
Fig. 2 Tensile strength of quaternary and quinary

alloys of Al-8Fe system at room temperature
and 250 C (holding time is 100h).
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room temperature, V, Mo, Ti, Ce and Nb were
effective at elevated temperature. Thus, Zr, V
and Mo were picked out as the elements to be
added combiningly to the Al-8Fe alloy.

Fig. 2 showed the tensile strength of Al-8Fe
alloys containing V, Mo and/or Zr combiningly.
Among the alloys, alloy D (Al-8Fe-2V-2Mo-1Zr)
had the highest strength both at room tempera-
ture and 250 C. Alloy B (Al-8Fe-2Mo-1Zr) close-
ly followed alloy D at room temperature, and
alloy C (Al-8Fe-2V-1Zr) followed alloy D at 250 C.
Thus, Al-8Fe-2V-2Mo-1Zr alloy was selected as
the most promising alloy.

4.2 Properties of Al-8Fe-2V-2Mo-1Zr alloy

Tensile properties of Al-8Fe-2V-2Mo-1Zr alloy
at room temperature to 450 C were shown in
Fig. 3. Tensile and yield strength did not
decrease rapidly at 150~200 C as the age-
hardened aluminium alloys, but did decrease
gradually with the temperature. Tensile strength
of this alloy was higher than 2618 alloy of which
tensile strength was 444 kgf/mm? at room
temperature, 26.6 kgf/mm? at 200 ¢, and 10.7
kgf/mm? at 300 °C'®. Elongation of the alloy was
4 9% at room temperature, but increased with the
temperature up to 21 % at 450 C.

Hardness after isochronal annealing was shown
in Fig. 4. Al-8Fe-2V-ZMo-1Zr alloy maintained

60

50

) A\I\A\\A \
N

Yield strength \ﬁi\\
20

Elongation

v o ® [ i \\A

P —

Tensile strength

Tensile & Yield strength (kgf/mm?), Elongation (94)

100 200 300 400 500
Temperature (°C)

Fig. 3 Tensile properties of Al-8Fe-2V-2Mo-1Zr alloy
at elevated temperature (holding time is 100 h).
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Fig. 4 Hardness of Al-8Fe-2V-2Mo-1Zr alloy and Al-8Fe
alloy after isochronal annealing for 100h.

the high hardness level up to 400 C. Above 450
‘C, the hardness of the alloy decreased sharply,
which seemed to correspond to the coarsening
of the dispersoid particles. Temperature at
which the softening commenced was higher than
Al-8Fe binary alloy by 50~100 °C, and was
higher than Al-8Fe-4Ce alloy'” by about 50 C.
S-N curves by rotating-beam test were shown
in Fig.5. Unnotched fatigue strength at 107
cycles was 20.1 kgf/mm? at room temperature,
18.6 kgf/mm? at 150 °C, and 13.4 kgf/mm? at 200 C.
These were higher than those of 2618 alloy,
which were 16.4 kgf/mm? at room temperature,
15.1 kgf/mm? at 150 °C, and 12.9 kgf/mm? at 200 C 1%

R
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£ o ,\g
el 0
= 9 150°C \\\ !
= Rl
2 20 N i~y s
g 20000 TN ] L
o 18 q 3
= 16 I
o
\\‘.\
14 =
12 : \”: ]
10 109 108 107 5% 107

Cycles to failure

Fig. 5 S-N curves of Al-8Fe-2V-2Mo-1Zr alloy at
RT~200°C (Rotating beam test).
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Stress-rupture curves were shown in Fig. 6.
Rupture strength for 100 h was 43, 29 and 15kgf/
mm? at 100, 200 and 300 °C respectively. Rupture
strength of this alloy were regarded as superior
to 2618 alloy, because rupture strength of 2618
alloy for 100 h was 4.1 kgf/mm? at 300 C1%.

Minimum creep rate curves of Al-8Fe-2V-2Mo-
1Zr alloy were shown in Fig. 7. Creep strength
for 0.1 %/1000 h of minimum creep rate were
40, 16 and 7.6 kgf/mm? at 100, 200 and 300 C
respectively. These were higher than 2618 alloy
of which strength for 0.1 %/1000 h was 11.8 kgf/
mm? at 200 °C, and 3.0 kgf/mm? at 300 C.

TEM micrograph of the alloy was shown in
Fig. 8. Various dispersoids were observed, and
these were classified into five groups. Table 2
showed their shape, dimension and composition
determined by EDX. Type A was a rather large
dispersoid of lump-shape. This type of disper-
soids contained Al, Fe, V and Mo. Some of these
dispersoids had cracks which seemed to occur

O.5um
1
100 ; % : i H Fig. 8 Transmission electron micrograh of
) T 100°C 8Fe-2V-2Mo-
< — oon o Al-8Fe-2V-2Mo-1Zr alloy.
£ —AtE ;
. Al R
5 . 300 T Table 2 Dispersoids observed in Al-8Fe-2V-2Mo-1Zr alloy.
&
Dispersoid Shape Dimension {um) Composition
4
1 10 100 1000 2000 A Lump 1 Al-Fe-V-Mo(-Si)
Time to rupture (h)
B Particle 0.2~0.5 Al-Fe-V-Mo
Fig. 6 Stress-rupture curves of Al-8Fe-2V-2Mo-1Zr
alloy at 100~300°C. C Particle 0.1~0.2 Al-Fe
D Needle 0.03X0.1~0.2 | Al-Fe
E Fine particle ~0.03 Al-Zr(-Si-Mo-Fe-V)
100 ;
)
Looe during extrusion. Type B was a comparatively
Lo 2000C_|_[ AL large particle which consisted of Al, Fe, V and
o —10 A== = . .
£ — 300% Mo. Type C was a comparatively small particle
= | . . .-
ER L+ L bHHHo-~ which was identified as AlsFe by means of the
9 Bm= et electron diffraction. Type D was a needle-like
i = ) .
5 —— compound which was also AlsFe as shown in
Fig. 9. Type E was a very fine particle contain-
ing Al and Zr, and sometimes Si, Mo, Fe and V.
o6 o : 0 Above result showed that V and Mo formed
Minimum creep rate (9,/1000h) relatively large particles with Al and Fe.
Effects of V and Mo addition in th 1
Fig. 7 Minimum creep rate curves of Al-8Fe-2V- . . e. a loy
IMo-1Zr alloy at 100~3007C. might be to increase the volume fraction of

dispersoid, and to suppress the coarsening rate of

20
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Fig. 9 Transmission electron micrograph of Al-8Fe-2V-2Mo-1Zr alloy showing needle-like compound.

(a) Bright field micrograph.
(310) diffraction.

dispersoids by forming Al-Fe-V-Mo compound.
Zr proved to form the precipitates separately
from Fe, V and Mo. Effects of Zr addition in
the alloy might be to strengthen the alloy by
precipitation, and to restrain the coarsening of
Al-Fe dispersoids??. Further detailed work will
be required to find out the structure of
intermetallics and the effects of alloying elements.

5. Conclusion

As a result of investigation on various Al-Fe
system alloys, Al-8Fe-2V-2Mo-1Zr alloy was
selected because of its high strength at room and
elevated temperature. This alloy was found to
be superior to the conventional 2618 alloy in
room and elevated temperature tensile strength,
in thermal stability of hardness, and in fatigue
and creep strength, while maintaining adequate

(b) Diffraction pattern.

21

(c) Dark field micrograph taken from

ductility for engineering use. Excellent prop-
erties mentioned above were due to the fine
dispersion of Al-Fe-V-Mo, Al-Fe and Al-Zr
system intermetallics.
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Performance of AP BRONZE Condenser Tube
in Polluted Sea Water in Japan*

Tetsuro Atsumi**, Akio Ogiso™*,
Koji Nagata®*** and Shiro Sato****

It has been experienced that conventional copper alloy condenser tubes, such as aluminum
brass and cupronickel, are likely to suffer from severe pitting in polluted sea water containing
sulfide ion.

25 years ago, one of the authors has developed special copper alloy tube, AP BRONZE
(Cu-6 ~ 8% Sn-19 Al-0.19%Si), having excellent corrosion resistance to polluted sea water. Since
1963, 360,000 tubes have been put into practical service in 25 power plants of Tokyo, Kansai and
Chubu Electric Power Companies and KEPCO (Korea). Service records show that average failure
rate of AP BRONZE condenser tubes for 17 years is 0.30 tubes per 10* tubes per year, while that
of aluminum brass tubes for 21 years is 5.46 tubes per 10* tubes per year. Periodic examinations
of tubes have revealed that corrosion rate of AP BRONZE tubes used at some power stations is
less than 0.05 mm per year. These performance records are considered to be highly satisfactory.

Corrosion resistance of AP BRONZE tube in polluted sea water is attributed to the inner
surface film mainly composed of SnO:. Model condenser test has made clear that natural po-
tential of AP BRONZE tube covered with above film is stable and not so noble compared with
that of metallic oxide surface. It is considered that these electrochemical properties of AP
BRONZE tube, contrary to those of aluminum brass tubes where noble cuprous sulfide film is
These

characteristics are ascertained from periodic examinations of tubes served over 10 years in

predominant to play as active cathode, bring about high anti-corrosion performance.

actual condenser.

eration of power plants in Japan.

1. Introduction

Though the application of titanium tubes has
increased in these five years, copper alloy tubes
have still been predominantly used for the con-
densers and heat exchangers in Japanese power
plantsV?. The survey results of copper alloy con-
denser tubes failure in 111 salt water-cooled con-
densers of thermal power plants have proved that
the failure rate has been less than 1 tube leakage

* This paper was presented at 10th International Congress on
Metallic Corrosion held at Madras, India, in November 1987
organized by Central Electrochemical Research Institute.

»+ Technical Research Laboratories, Metallurgical Technology
Department
#++ Technical Research Laboratories, Metallurgical Technology
Department, Dr. of Eng.
=++x Technical Research Laboratories, Dr. of Eng.
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It is regarded that application of AP BRONZE tubes contributes safety op-

per 10,000 tubes for one year of operation during
these fifteen years®. This satisfactory result is
considered to be due to the application of several
countermeasures to prevent corrosion, and/or
development of materials. Particularly, following
two preventive measures have contributed, one is
ferrous ion injection and the other is the applica-
tion of special copper alloy tubes, named “AP
BRONZE” composed of Cu-6~8wt% Sn-1wt9% Al-
0.1wt%Si. Ferrous ion injection in sea water was
effective to prevent the malignant erosion corro-
sion which had been one of the major causes of
leakage troubles of aluminum brass tube in chlo-
rinated clean sea water?. “AP BRONZE” showed
the stable corrosion resistance against polluted
sea water containing sulfide ion, in which alumi-
num brass tubes suffered severely from pitting
corrosion®.

At the previous conference in 1969, one of the
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authors reported the excellent properties of AP
BRONZE in polluted sea water®. Until now, a
lot of AP BRONZE tubes have been put into prac-
tice. This paper provides the experiences in prac-
tical service of this alloy tube for over 20 years,
and discusses the mechanism of its high anti-cor-
rosion performance in polluted sea water from
the view point of electrochemical properties of
the surface film.

2. Development of AP BRONZE

Beginning of 1960s, many Japanese power plants
were constructed near the large cities and alumi-
num brass condenser tubes were exclusively used.
Among these, premature failures of condenser
tubes were repeatedly found. Metallurgical exami-
nations of removed tubes showed that the tubes
were covered with black and slimy deposit rich
in sulfide and they suffered from pitting corrosion
accompanied with intergranular corrosion through
the whole inner surfaces. The corrosion rate of alu-
minum brass tubes was in the range of 0.2 to 0.6
mm per year and the tubes were often retubed
within a few years of operation. The results of
sea water analyses and the corrosion tests made

clear that the existence of sulfide ion in cooling
sea water was the most potent factor in genera-
ting pitting corrosion of aluminum brass tube.

Although 70/30 cupronickel tubes were trially
applied for replacement, those tubes also suffered
severe pitting corrosion. Investigations were started
to develop the special copper alloy having the
resistance to polluted sea water containing sulfide
ion. The development process of special copper
alloys was reported in detail by one of the authors®,
Cu-6~8wtdSn-1wt% Al-0.1wt% Si was decided
as a suitable alloy considering the corrosion resist-
ance, the manufacturing process and the cost.
Developed alloy tube named “AP BRONZE” was
put into the field test at actual condensers of some
thermal power plants faced to Osaka Bay and
Tokyo Bay where cooling sea/ brackish water was
badly polluted by sulfide. AP BRONZE tubes
containing 6 wt%Sn named AP 1 were firstly
installed, and then those containing 8wt%; Sn named
AP 2 have been installed since 1967. The results
of field test showed that AP BRONZE tubes suffered
only uniform corrosion of slight depth and indi-
cated that the expected service life of AP BRONZE
tube would be about two to four times longer
than that of aluminum brass tube.

Table 1 Delivery of AP BRONZE condenser tubes.

I‘herr(r&zw ;inri t;))lants Tube number “(ffolrgglt Date of delivery Remarks‘
. 66 X2
Shin- 1969~1972
Tokyo | 2073 60,160 381 1976~ 1980 R
Tokyo 9
Electric Co. . 1969~1970
Shinagawa 125%3 36,060 273 1977~ 1980 R
Oi 3501 26,394 180 1971~1972 R
Chubu . 55X 1
Electric Co. Meiko 661 11,654 59 1965~1971 R
1963~1967
Osaka 156 x4 84,152 641 19651979 R
Amagasaki | 50 ) 37,560 268 19631965 N
Kansai Higashi ’
Electric Co. Sanpo 1561 18,270 182 1968 N
250%2 29,776 357 1966~1967 N
Sakaiko
2501 8,690 102 1967 R
Sakai Kyodo Corp. 75%1 9,234 53 1965 R
Korea 2001
Electric Co. Yongnam 220 % 1 41,200 196 1978~1980 R
Total 363,140 2,692

(1) R : Replaced, N : Newly built

24
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3. Practical service of AP BRONZE
condenser tube

In 1963, AP BRONZE tubes were commercially
put into practice as a replacement of aluminum
brass tubes of Osaka Power Station Unit 3 of
Kansai Electric Power Co.. And in 1965, the entire
AP BRONZE tube condenser was built and op-
erated at Amagasaki Higashi Power Station located
near Osaka. Since then AP BRONZE tubes have
preferably been used in some power plants where
sea water is polluted.

By 1986 about 360,000 tubes of AP BRONZE,
total length of 3,300 km, have been deliverd to 25
units of power plant as shown in Table 1.

4. Performance of AP BRONZE
condenser tubes

4.1 Application for replacement of the exist-

ing condenser tubes

Several thermal power plants faced to the es-
tuaries in Osaka Bay and Tokyo Bay adopted
partially and/or entirely AP BRONZE tubes for
replacement of aluminum brass tubes during 1963
to 1972, as shown in Table 1.

At Osaka Power Station Unit 1, aluminum brass
tubes originally applied and retubed in every two
to three years were replaced with AP BRONZE
tubes.

Fig. 1 shows the typical data of periodic cor-
rosion inspection of AP BRONZE tubes at this
Unit during 20 years of operation. Fig. 1 shows
the lives of AP BRONZE tubes were at several
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Fig. 1 Changes of corrosion depth of condenser tubes
in Osaka Power Station.
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Fig. 2 Application of AP BRONZE tubes to existing
condensers of eleven units for the replacement
of aluminum brass tubes.

times longer than those of aluminum brass tubes.
In this unit, AP BRONZE (AP 1) tubes firstly
installed were used over 10 years with successful
results, and then those were replaced with AP
BRONZE (AP 2) tubes.

Fig. 2 shows the variation of number of alumi-
num brass tubes and AP BRONZE tubes installed
and their failure rate in 11 units condensers of
three power stations;Shin-Tokyo P.S. Units 1 to
6, Osaka P.S. Units 1 to 4 and Sakaiko P.S. Unit 1.
These three power stations were typical in the
sence of using the polluted sea water and 90% of
condenser tubes were changed to AP BRONZE
until early 1970s. Increasing in number of AP
BRONZE tubes led the extream decrease in fail-
ure rate. The only failure problem of AP BRONZE
was experienced at Osaka P.S. Unit 1 in 1974.
Tube failure occurred limitedly at tube inlet. In-
vestigation of corroded tubes made clear that the
failure was due to the erosion corosion caused by
the multiple effects of the excessive sponge ball
cleaning and the imcomplete cathodic protection.
These phenomena are not peculiar to AP BRONZE
tube but copper alloys tubes. After the proper
sponge ball cleaning and the promotion of ef-
fectiveness of cathodic protection were made,
corrosion problem of AP BRONZE was fully solved.

4.2 Entire application of newly built condenser

Typical data of periodic corrosion inspection
of AP BRONZE tubes of Sakaiko Power Station
Units 5 & 6 and Amagasaki Higashi Power Station
Units 1 & 2 are shown in Fig. 3.

At Sakaiko Power Stations, severe corrosion
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Fig. 3 Change of corrosion depth of AP BRONZE
tubes in the newly built condenser of thermal
power plants,

of 0.1 to 0.4 mm depth was found on the most of
AP BRONZE tubes after only one year of opera-
tion. Reducing in wall thickness was due to the
peculiar erosion corrosion occured at both tube
ends of 1,500 mm long. Corrosion phenomenon
observed was so strange that it was suspected
whether the performance of AP BRONZE tube
would be satisfactory in some condensers due to
the unknown operating conditions/sea water quality.
The detailed survey on the factors affecting the
corrosion phenomenon suggested that the excessive
sponge ball cleaning, i.e. continuous operation, might
relate closely to the above corrosion. The model
condenser tests to reproduce corrosion phenomenon
revealed that the excessive sponge ball cleaning
severely accelerated the erosion corrosion of tube?.
After sponge ball cleaning was kept at low fre-
quency, for example one hour operation per one
week, the progress of the erosion corrosion stopped
and those tubes are operating without replacement
until now for 19 years.

While at Amagasaki Higashi Power Station
Units 1 & 2 where cooling water had been badly
polluted®, the uniform thinning of 0.03 mm per
year was recorded during 20 years of operation.
Therefore, assuming that the standard for tube
replacement is 70 9% reduction of tube wall, the
additional 10 years of service will be expected.

Fig. 4 shows the numbers of AP BRONZE tubes
and the failure rate at the newly built AP BRONZE
condensers of 5Units; Amagasaki Higashi P.S.
Units 1 & 2, Sakaiko P.S. Units 5 & 6 and Sampoh

26

Co-operation P.S. Unit 1. There has been no failure
problem at all units since the start of operation.

5. On-site corrosion test by model condensers

Corrosion resistance of tube is considered to be
mainly due to the electrochemical properties of
inner surface film formed on it in polluted sea
water.

In order to make clear the relationship between
the corrosion resistance and the electrochemical
properties of AP BRONZE tube, the corrosion
tests of AP BRONZE tubes and aluminum brass
tubes were made in flowing polluted sea water.
Test facilites, model condensers, were set up at
Osaka Power Station and Amagasaki Higashi Power
Station. Sea water of Osaka Power Station was
expected to be almost clean and occasionally polluted
but that of Amagasaki Higashi Power Station
was expected to be almost heavily polluted by
sulfide ion.

5.1 Conditions of model condenser test

Test conditions, as shown in Table 2, were de-
cided concerning the sea water quality and the
countermeasures for corrosion and fouling. Quality
of sea water in model condenser test was classified
as follows by results of the continuous analysis of
sulfide ion and injection of sodium sulfate (NasS) to
sea water.

Clean ; raw sea water of Osaka P.S.
Slightly polluted ; Na:S injected sea water of
Osaka P.S.

Heavily polluted; raw and Na:S injected sea

water of Amagasaki Higashi
P.S.
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Table 2 Test conditions of model condenser test.

LE) fat;on Osaka Amagasaki

ot test Power Station Higashi Power Station
facilities

Flowing

rate 23 m/s

Injection Yes (0.05 ppm) Yes (0.1 ppm)

of &% None None

Injection Yes (0.03 ppm)

of Fe?+ None

SB Yes (4 chances/week X 20 balls/chance)
cleaning None

Test

period One year

Corrosion tests were made continuously for one
year. Electrochemical measurement was made
off-line once a month.

5.2 Electrochemical properties

The change of electrochemical properties of
both alloy tubes under various conditions at test
facilities are shown in Fig. 5. Electrochemical
properties of AP BRONZE tube are not so closely
dependent on the pollution of sea water and counter-
measures such as sponge ball cleaning and/or
ferrous ion injection. Natural potential of AP
BRONZE tube showed 50 to 100 mV more noble
than that of metal surface in every condition.
Cathodic polarization resistance of tested tubes
was in the range of 1 ~ 3 X 10* Qcm? both in
the clean sea water and in the slightly polluted
sea water without sponge ball cleaning, and in the
range of 0.5 ~ 1.0 X 10*Qcm? in heavily polluted
sea water. On the other hand, electrochemical
properties of aluminum brass tubes are much in-
fluenced by sea water quality. In clean sea water
without sponge ball cleaning, the natural potential
showed 50 mV more noble than that of metal
surface, and the polarization resistance was in
the range of 3 ~ 10 X 10*Qcm2.  While in slightly
and heavily polluted sea water without sponge
ball cleaning, the natural potential shifted 100 to
200 mV more noble than that of metal surface
and the polarization resistance was in the range
of 0.3 ~1.0 X 10¢4Qcm?.

In each sea water quality with sponge ball cleaning,
polarization resistance of aluminum brass tubes
was in the range of 0.3 ~ 1.0 X 10¢Qcm? with
sponge ball cleaning, which are not so influenced
by sea water quality.

The results mentioned above are summarized

in Figs 6 and 7. Fig.6 represents the relationship
between the potential difference and the degree
of sea water pollution. The potential difference
shown in Fig. 6 was by subtracting the natural
potential of new tubes from that of tested tubes.
With the increase of degree of pollution (in-
crease of sulfide ion), the potentials of alloys
shift to noble direction. Regardless of the sponge
ball cleaning and the ferrous ion injection,
aluminum brass tubes showed more noble poten-
tial than AP BRONZE in polluted sea water. Fig.
7 represents the relationship between the cathodic
polarization resistance and the degree of water
pollution. Cathodic polarization resistance decreases
with the increase of degree of pollution when
sponge ball cleaning is not applied, and this tend-

- 150

?‘é? ]OO_Wi’th Fe?* /iWith Fe2t+ ’iWith Fe2+

£ 4

=E 50} b--| 'BAlbrass |- SAlbrass

L PBRONE @IPBROVE

53 /‘E ;

5 <100+ : PoE y

85 pte o

53 500 s sk T

R Without Fe?* i

5 a 0 ) ) | L I L . L
Sez  Raw Raw+ 5% Raw Raw+ 52~ Raw Raw+ 52~ Raw Raw+ 57~

Osaka MC(clean) Amagasaki  Osaka MC(clean) Amagasaki
Higashi Higashi
MC{polluted) MC(polluted)
(a) Without SB (b) With SB
Fig. 6 Influence of sulfide ion on the potential differ-
ence of both alloys tubes from metal surface of

new tube.

10°g - E -

L With Fe?* [E With Fe?* With Fe?*

With :
L Fej"',* -O-Al-brass -O- Al-brass
. o N ON-@- APBRONZE ~@- APBRONZE

10k X s ——

o ™ a P DY

=TT

103

Without Fe?+|EWithout Fe2*| Without Fe?!

Polarization resistance { Q cr?)

104

Q L
Evyi 24 E e

}W|thoui Fe ‘\YS—(O = e \O\:
103

1 1 1 1 1 1 H
Sea water Raw Raw + 52~ Raw Raw -+ S2~ Raw Raw+ S2~ Raw Raw -+ S?
Osaka Amagasaki Higashi Osaka ~ Amagasaki Higashi
MClclean) MC(poliuted) MC(clean) MC(polluted)
(a) Without SB (b) With SB
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ency is more prominent in aluminum brass than
in AP BRONZE. On the other hand, the cathodic
polarization resistances are less than 10* Q cm?, re-
gardless of sea water pollution when sponge ball
cleaning is applied.

The test results mentioned above suggest the
two important facts related to the corrosion resist-
ance of copper alloys in polluted sea water. One
is the fact that, in polluted sea water, the natural
potential shifts in noble direction. Another is the

Al-brass AP BRONZE
Metal Scale Metal +  Scale
90% : r :
801 : B ‘
60F - : Cu
401 S ;
201 3
ot L
20% "

i - i Sn
10k Zn | E

Fig. 8 EPMA analyses of inner surface film formed
on both alloys tubes in slightly polluted sea

water (Osaka MC raw sea water with 0.05ppm
S2- injection).

fact that the cathodic polarization resistance decreases
in polluted sea water. The former would be re-
sponsible to promote pitting corrosion if the film
is locally broken. The latter would increase the
corrosion rate irrspective of the pitting corrosion
or the general corrosion. In discussing the corrosion
resistance of AP BRONZE and aluminum brass,
it seems useful to compare the natural potential
and the cathodic polarization resistance of both
alloys, as mentioned above.

5.3 Metallurgical examination

Surface film formed on both alloy tubes tested
in polluted sea water was analized by XED and
EPMA. Typical EPMA data are shown in Fig. 8.
The film formed on AP BRONZE tubes is com-
posed of SnO:2 in inner layer near to metal surface
and the mixture of Cu:Cl{OH); and oxide of
iron and aluminum in outer layer. On the other
hand, the film formed on aluminum brass tube is
presumed to be composed of CuzS and Cu2Cl(OH)s
in inner layer and oxide of iron and aluminum in
outer layer. The result of analysis mentioned
above is similar to those of film formed on the
tubes which were used in thermal power plants.

The mean corrosion depth of both alloys tubes
tested in each condition is shown in Fig. 9. The
corrosion depth of AP BRONZE tube, which suf-
fered general corrosion in every sea water quality,
is less than 0.15 mm. On the other hand, the corro-
sion depth of aluminum brass tube was much de-

4 -
0 with SB 1 with SB
03t . ]
e 02F
= %
§ 0.1r b
5 ¢
o T without SB without SB
§ 0.3F B T r @H
£ o2t 55
“<m
01k o
Fe2+ 0L r%em e I_Lz Hm
injection : None  Yes Nonme Yes None Yes None
Sea water Raw Raw+- 52— Raw  Raw+S$2-
Osaka MC(clean) Amagasaki Higashi
MC(Polluted)

Fig. 9 Mean corrosion depth of both alloys tubes
tested in several conditions for one year in
flowing rate of 2.3 m/s.
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pendent upon the sea water quality. In clean sea
water, those tubes showed excellent corrosion
resistance of less than 0.02 mm in the corrosion
depth. However, they suffered severe pitting corro-
sion over 0.3 mm deep in polluted sea water. In
addition, the corrosion depth of both alloys tubes in
clean sea water is influenced by sponge ball cleaning.

5.4 Corrosion resistance related to the elec-

trochemical properties

The correlation between electrochemical prop-
erties and mean corrosion depth of both alloys
tubes are shown in Figs 10 and 11. There is a
good correlation between polarization resistance
and corrosion depth but two different curves are

05
__ 04
&
E
£
=
S 0.3f
8
v
4
8 02 -
g
3
=
01F
0 N A | @
103 104 108
Polarization resistance { Q e
Fig. 10 Mean corrosion depth of both alloys tubes
concerning to the polarization resistance
(Without sponge ball cleaning).
05
= 04r o Aluminum brass
[=3
< A AP BRONZE
803}
o
S
8
£ o2}
(@]
ol
3
= 01f
0 1 1 I L t L
0 50 100 150

Ditference of potential from metal
surface of new tube (mV)

Fig. 11 Mean corrosion depth of both alloys tubes
concerning to the potential difference from
metal surface of new tube (without sponge
ball cleaning).
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obtained for each alloy, as shown in Fig. 10. Both
alloys tubes tested in polluted sea water show
small polarization resistance of less than 6,000 Q
cm? while tubes in clean sea water have larger
one of more than 15,000 Qcm?.  Corrosion depth
of AP BRONZE shows about 1/3 of that of alu-
minum brass at the same polarization resistance.
On the other hand, the correlations of the poten-
tial difference between as-scale formed and new
metal surface and the corrosion depth of both al-
loys tubes are plotted in the same line regardless
of tube alloys, as shown in Fig. 11. The larger
the potential difference is, the deeper the corro-
sion is. Since the potential difference of AP
BRONZE is not over 80 mV and is much less
than that of aluminum brass, it is estimated that
the stable corrosion resistance of AP BRONZE
in polluted sea water is mainly due to the tube
surface with corrosion product (SnQO;) showing
the small potential difference from metal surface.

6. Conclusions

Special copper alloy condenser tube “AP
BRONZE” has been developed as the anti-corro-
sion material against polluted sea water. Since
1963, 360,000 tubes have been put into practical
service in 25 power plants which were construc-
ted near the large cities in Japan and Korea.

Experiences of AP BRONZE tubes in these
twenty years of operation have proved that the
performance of these tubes are highly satisfactory
in polluted sea water. The model condenser test
made clear that AP BRONZE tubes, even in pol-
luted sea water, were covered with corrosion prod-
ucts mainly composed of SnO; having small
potential difference, less than 80 mV, from that of
metal surface of new tube. Due to these electro-
chemical properties, AP BRONZE tubes are con-
sidered to suffer the slight general corrosion even
in polluted sea water. On the contrary, in polluted
sea water, aluminum brass tubes were covered
with the cuprous sulfide film and the potential differ-
ence between the tubes with sulfide film and
that of bare alloy surface increased up to 130 mV.
Due to extended potential difference in aluminum
brass, pitting corrosion will occur at the portion
where the sulfide rich film is locally broken.

It is regarded that the application of AP BRONZE
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tubes has been contributing the reliable operation
of power plants.
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Prediction of Geometry of Extruded Rectangular-Bars
and Fin-Bars

A Numerical Simulation of Geometry of
Products in Non-Axisymmetric Extrusion
and Drawing Processes (Rep.1)

Shigeo Iijima, Manabu Kiuchi
and Michihiko Hoshino

An analytical method based on the upper bound theory is developed for extrusion and drawing
of products with non-axisymmetric cross-sections. The generalized kinematically admissible
velocity field of workpieces in non-axisymmetric dies is formurated and a calculation method
for investigating geometries of rectangular- and fin-bars, and the optimum working condition
required in extrusion and drawing is developed. This method is applied to predict the final
geometry of products in non-axisymmetric extrusion of rectangular- and fin-bars from round
billets. Using this method, the effects of die length, dimension of billet, reduction and friction
factor on the geometry of extruded products are calculated, in detail. As the result, it becomes
clear that the systematic analysis of non-axisymmetric extrusion of rectangular- and fin-bars
can be done and useful knowledges for die design can be obtained.
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of a rectangular-bar.
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Fig. 15 An analytical model of extrusion of fin-bars which
straight radial fins on surfaces.
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Fig. 16 Geometries of workpiece surfaces in dies.
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Biofouling Control of Titanium Condenser Tubes
by New-type Abrasive Sponge Balls

Tadashi Nosetani, Shiro Sato,
Katsuhiro Onda and Yuhei Kato

The high reliability of thin wall welded titanium condenser tubes makes them put into wider
application to not only nuclear power plants but also fossil ones in Japan. In the latter of
marginal thermal efficiency, the disadvantage of the inherent biofouling tendency of titanium
must be mitigated by any mechanical cleaning, because in most new sites the dosage of chroline
necessary to control the microbiofouling is prohibited by the local regulations. Well-known
“Carborundum Ball” which is composed of a foam-rubber ball and abrasive particles adhered on
its surface is useful to remove the fouling film, particularly the tenacious residual fouling film
thoroughly, but is short in the durability. New-type “Polishing Ball (PB)” in which abrasive
particles are mixed in the foam is expected to meet demands of keeping titanium condenser
tubes clean with minimal decrease in the cleaning function and a long life of sponge ball.

Four kinds of PBs defferent in a particle density of about 1 to 6 particles/cm? of cross
section of balls were evaluated at a model condenser situated in Owase-Mita Thermal Power
Station of Chubu Electric Company using titanium tubes (28.5 mmOD X 0.5 mmTh X 16000 mmL)
and no-chlorinated sea water for two years.

It was confirmed that PB presents better cleaning function compared with the normal sponge
ball, in particular has no or slight tendency to the residual fouling. The cleaning of 10 balls for
one hour every day by PBs with more than 2 particles/cm?® maintained the cleanliness at more
than 90 % (fouling resistanse : less than 3 X 1075 m2K/W).

In the cleaning by the normal sponge ball with medium hardness the residual fouling gradu-
ally progressed and the cleanliness factor decreased to less than 90 % in a few months.
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Fig. 1 Schematic diagram of model condenser.
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Fig. 2 Overall view of fouling monitor.
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Table 1 Various sponge balls used in the test.

. . .. .. Crushing
Diameter | Particle | Friction | Minimum load (gf)
Sponge nominal density | force head for -
bpll g Characteristics Mark | (measured) passing Deacrease m Remarks
a <pieces> (gf) sponge ball | diameter
(mm) cm® (mAg) 5 mm | 10mm
Fine foam
PB1-31 31(30.3) 5t06 870 1.06 350 700 Stop manufac. in *86
Polishing | preoy@ PATCIes of gy 1 51002) | 0501 570 070 | 350 | 630 | Fine foam
Ball ; ; ;
are mixed in foam | ppo gy | 39317) | Max: 05| 920 1.05 350 | 630 | Fine foam
rubber.
PBN-31 | 31(302) | 15to2| 430 0.63 360 | 6op | Goarse foam
like SB series
Fairly useful and of | SB30 | 3029.1) - 400 0.63 350 | 590 | Medium hard
Sponge | wide application to | qp ) | 3990 - 920 110 500 | 990 | Medium hard
Ball cleaning copper alloy
condenser tubes SB-32 | 32317) - 1180 1.84 470 | 910 | Medium hard
Abrasive particles are
Carborun | ghered on the sur- | CB-30 | 30 1740 191 | 1130 | 2090 | Used at the start and
um Ball face the end of each run
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Spring balance

| Stainless steel wire
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|_— Titanium tube

|~ Sponge ball

Fig. 4 SEM image of abrasive particle mixed in
Polishing Ball.

Fig. 6 Measurement of friction force.

Manometer

Titanium tube

~— Sea water

Sponge ball

Fig. 7 Measurement of minimum head necessary for sponge
ball to pass into the test tube.

Force

: | Glass tube

||~ Sponge ball

Fig. 5 Foam size of Polishing Balls.

Balance

Fig. 8 Measurement of crushing load.
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Number of removed abrasive particles

Fig. 9 Relation between the friction force and num-
ber of abrasive particles removed from the

surface of PB1-31.

Fig. 10 Deformation of spoge balls pushed into the
glass tube with I. D. 26.5 mm.
Upper . PB1-31, PB2-31
Lower : PBN-31, PB2-32

Fig. 11 Surface of Carborundum Ball CB-30 (X 5).
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Table 2 Test conditions in the Ist Run.

‘ Cooling Duration & sponge ball
Tube Cleaning water '85 Oct. 4 to ’85 Dec. 1 to '86 Feb. 8 to
'85 Nov. 29 '86 Feb. 7 '86 Mar. 8
No 1 ?gﬁ%ﬁequem 2.2 m/s SB-30 PBI.31 SB-31
No. 2 é“g;rﬁrs‘}tﬁef Ih/2—3d 2.2 m/s SB-30 PB1-31 SB-31
N3 | ShER% 22 m/s SB-30 PB1-31 SB-31
Nos | g 2~ 0.66 m/s SB-30 PB1-31 SB-31
No. 6 gj:ri"ﬁgﬁh)m 2.2 m/s (CB-30) (CB-30) (CB-30)
(1) C.F.: Cieanliness Factor

)
minal O.D. of 30 mm (CB-30).

(3) Daily Start & Stop operation of the unit.

WHEE L) BE) THo7, No.2 R No.3i2d No. 1
LRI BB BEI N, FRRTNEE, BRE
@ No.5 (0.66m/s, 61fH/[El X 1H/2~3H) DEH
?ﬁ?@PTﬁ@Wfﬁﬁﬁfﬁﬂiﬂﬁ I—FBH L ICBEI NI,
Thbd, KT, Wh-72nid DSS #fx No. 4 Th
272,

PBI-31: No.1 (2.2m/s, 1{#/2h) o Nk
%é’zl,fw 2, ZHUEERY L TRV DOEHT S

WFBERE 12 & B AR PR & o R BE e D FHSR AR ) 4
x, ‘i‘@‘ﬂﬂ)ﬁk&liiéii DRSSt VLA PW R AN IR AYAL S

LA bz, BBHKTIFO No. 1| ORNEATEYEIR
0.0002ml/ cm? & A7 - 72, MWOE DD H LR

Fopt ERAMGEM AR L Cheoid, EIEEEI DL S
?Fﬂﬁ)ﬁia‘%’%iﬁ B SRR & Bl - 22720, HTRR

WLy ok Bhbin, &b,
DSSHHiz) No. 412 W T L GBI S fu7z,
SB-31:No.1(22m/s, 11{H/2h) BT g
NEEHCEEEEICELN (W, 20 SB-31 o
NS EER I, L SEEE O SB-30 12kl T
B> CIBIE Th - 72, ZNIE, SB-31 D HMEEEN »*
SB-30 X 'Ht?w: Yic kb rBbnr, oRFITIE

{KHEH D No. 5 By

‘—EE

BH L2, ) REWEREFHROEENED LNz,
VlEnEE 1 BimEs 5, (1) PBI-31 oIz H 1
MR BRICBIT S 3FEA M A K> U R— SB-30,

SB-31 k(¥ PB1-31 7% TlawbEN T3, (2) PBI-
31 DEN T BRI R TIC L B L 2 A0SR TH
2, BHENKE VT, HEWIENTEEBOKEW

T PRERETIZ R E V(@) BREHHE OB VIT ) AYTE LI
NE, B)EIMEZBLTC, BAkNEENE (No. 6)

12 & L
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At the end of the test No6 tube was cleaned by the successive passing of 30 pieces of Carborundum Ball with no-
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=R / ! B Ve v
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Fig. 12 Fouling in the 1st Run.
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F1Hicbw T, HEEIH 05FU/day ¢ 1Y,
MERETHZEDPHEE L EALNT, 22T, #H
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# L 7> (Table 3 M),
g 2 K> o R— (SB-31, PBI-31) ko & -
T LN 72ENM % Fig. 1310k L 72, SB-31 & PBI-

Table 3 Test conditions in the 2nd Run.

Former half Latter half
(86 Apr. 12 to Aug. 1) ('86 Aug. 1 to Oct. 6)
Tube - N
Sponge | Cleaning Sponge | Cleaning
ball Cooling water| ball Cooling water
5balls/hx 1h/d 5balls/hx 1h/d
Nol SB-31 2.9m/s SB-31 2.2m/s
5balls/hx 1h/d 1 Bhalls/hx 1h/d
No2 PB1-31 2.9m/s PB2-31 2.9m/s
5halls/hx 1h/d 3Jballs/hx 1h/d
No3 SB-31 DSS SB-31 DSS
Shalls/hx 1h/d W1 3balls/hx 1h/d
No4 PB1-31 DSS PB2-31 DSS
Shalls/hx 1h/2~3d ! Free fouling
No5 PB1-31 2.2m/s (CB-30) 2.9m/s
2| Free fouling @ Free fouling
No6 | (CB-30) 2.2m/5 (CB-30) 2.9m/s

(1) The ¢valution of PB2-31 started from Sep.6th. From Au-
g.1st to Sep.6th, PB1-31 had been tested.

(2) Carborundum Ball cleaning of every month.

(3) Carborundum Ball cleaning of every two weeks.

31 o PR E I, No. 1 (SB-31) & No. 2 (PBI-31)
PRGT AN E i AN SUNALE AR /= E A Y ST (AN
RERBIG Y 2 2 ARIC DWW T3, WEOH e -k
EEEDLN L -78, 3»HEHZYH 5 No.l
(SB-31) DENAHEIMLD L I ICh » 72, FiS, EEH
HREE 7 Bk ) 3FU 2 EEZ Loy, #
DB EIML T 7 ARICIZ S FU L 72, —H,

No.2 (PBI-31) &% #ix 7 ARIcBWTH 25 FU IC§
Ehdol, B, 7TAFHLUBKED No. 1 OBRERIONTH

PRBII R OMEICH L T 2 FU k& <, Zoflil
80
7 |
One day |
6 |
L85 # N06
2 5
¥ = / Nol (SB-31. 5balls/d)
£ k=
L4 B !
h %)
s log 2 / No2 (PB1-31, 5 balls/d)
5 3—7%
R L
8 © / 2NO.1 Insutficient
E:;a P Nos N ot cooling ) -
= L 95 / _____ water oo ==~ -
i : N e NS
1 7Z i
2 No3*(DSS, SB-31, Bballs/d)
0 Nod¥(DSS, PB1-31, Sballs/d)
April M‘ay June July August
86

Fig. 13 Fouling in the former half of the 2nd Run.
% . Variations in fouling resistance of No. 3 &
4 were less than Nol.

Table 4 Amount of inside slime removed by sponge ball cleaning at the end of the former half of the 2nd Run.

. Test Test condmon """" Wet volume Dry weight

ube . ;
ot | O o | | e || e
SB-31 SB-31 :5balls 58.2 4.1%1073 110 0.078

b | shats/axzom/s | opag abats | 1665 | wr | 280 | 0196
PB131 PB1-31 : 5balls 375 2.6 0.63 0.044

Y2 | svalis/axzzm/s [CR30 svas | 158 | 1 s 0023
SB31 SB-31 : 5balls 10.5 0.7 0.37 0.026

Y3 | spalls/axpss  [TCRa pals | 608 | 49 | s | 0006
PB1.31 PB1-31 : 5balls 35 0.2 0.21 0.014

Yot | shalls/axpss [ CB-30 :5balls | oz | oo ] o | 0013
Free fouling SB-31 :5balls 646.3 45.2 19.98 1.40

Y01 20mys CUCBa30 csbals | 10 | o0 | 099 | o 0007

(1) “CB (Carborundum Ball) cleaning : At the CB cleaning, slime removed by the initial six (6) CB balls of total 30

balls was collected.
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HWARDE F DE (No. 6) ICRSN2HEIEE R L - ¢
Wiz, L7zdi- T, ZORICBW-Cd 1 BED B L
DIF12R O BRI HE L v B,

19864F 8 H 1 HIcHE A E > o R— iz L B @Bk
IR T CB % EIT, A7 4 A8 % WEL 7 (Table
4 ), No.1(SB-31) lzBwC Eflo SB-31 ¥
(6 A T i5&m<ﬁ%ﬁ)@X74A%Wf
LI d & hh oz, E2AH, KIZIT- 7 CB #i
(CB-30:6 3% A) TliF 167 ml (Ji&kFs) L9 480
fH3&Mh g 2, 5, No.2 (PBI-31) icBwWid
B PBI-31 #eif (6 4% A) 122 % 38 ml (VR A%),
K CB #eif (CB-30: 6 i A) 12> & 16 ml (#44H:)
DIEEWRTH 72, TNHDT Eh b, P&%li%
BMENEELECZ X MRS 2, BRELCET
B EIBEDMIN A, ZF DR T 000 h 5 72 B, DSS 1 i
7 No.3 KU No. 4 l2BWT LA 57,

B 2WHREIC B VT Y, #10 X FEE, DSS Eigo
AR E U & ) BRI S T,

3.3 E2#A%% (1986%E8R1H~10K68)

PBI-31 o #liEth by 7 St L E 7 LD
T, 1&0’( PB2-31 # AF L, 198649 H6 Hb & No. 2
No. 4 2 THBEL 72, &84k % Table 3 I2ffEL 72,
%2wﬁ+m(ﬂmf%F@J4umTo

198649 A 6 HLB i 2 Fig. 13 & U Fig. 14
DIYA6 HLHINT — 2 & lik$ % &, PB2-31 oikis
TEREIZ PBI-31 KN -Twd Loy nse, -0
M & L TRDZ EWZIF L7z, Table 1 2 5, PB2-31

-80

One day

. [:No_5&6

Nol (SB-31, balls/d) /1 /

.MA V
W V /@Sbaus/d)

/ P8131-T.P8231 P
No2 ( 5balls/d /

T
[0'e}
(&)

T
O
O

N (o8]
R —

Fouling resistance (X 1075m2K/W)
P~ w
\\
Cleanliness factor (%

,_.
©
0
N\\\
W

No3* DSS, SB-31, 5balls/d)
No,4 (DSS, PB1-31-PB2-31, bballs/d)

(Sept 6th)

August September November

‘86

Fig. 14 Fouling in the latter half of the 2nd Run.
*  Variations in fouling resistance
No. 2 : nearly eqﬁal to Nol
No3 & 4 : about half of Nol

DIEEFEE PBI-31 IR L TH 55, PB2-31 &
ENEESTIIE PB-31 M THTH -7, Z0EizE
EL TR FORBEENOEICL > TL s 3N L
DTHY), WIEEROED PSR O X 7 - T I
RLDTHD EHRLN, Lizat-T, PB2-31 12k -
T PBI-31 L RE DSR2 H 5 220, i1 b
HBODR—NMEE LTI EHBETHL L EbiL
7‘:0 PB2-31 HEOB®SRE N #1325 H¥ & LTt

(LT/M)J“(* WEERELLT D, 2L TOER
BEEEDLI ENFE L N5,

1986410 H 7 H ik T n N #L%8 ¢ 12, No. 2
(PB2-31) m#B 2 7 4 2103 No. 1 (SB-31) &, %72,
No. 4 (DSS, PB2-31) #1113 No. 3 (DSS, SB-31) .k
DT b o, Lid-T, ) vy Zk—
v (PB2-31) 3 2> R —LREIE (SB-31) LY %
HHREICHEN T B Z E L Th - 72,

3.4 %3%@ (198611 B7H~1987#€1A278H)

BADFERD L, PB2-31 1ZR0R0WEHE AL
t%ﬂﬁhéﬂf’ﬂ)f, E3WNC B TEIMEN T mm k&
W PB2-32 By 52 k2 L7z, PBN-31 % AL 72
DT, TNL2FHDORY v IFR—ILDHERES %
SB-31 M UF SB-32 kIb# L7 (Table 5 Z:08), 4 31

zV\ I, PR SHEEIZ10M/h X Th/|E x 16/ H (wg
D108/ H) AFEIC LA, o Fig 15
Q/J\Lf:o Vel REIT BN LRI TH - 72,

PBN-31 > PB2-32 >» SB-32 > SB-31

BT RIC B A NHBLE T, EfkEiioER
A7 A4 Lt No.5 (PBN-31, 1M8/H) 53 474 (,
KT No.3 (PB2-32, 10fl/H) »4%h 72, No.l
(SB-31, 10fE/H) R1* No.2 (SB-32, 10ME/H) (&
MBI L TEB AT A 20°%h - 12,

PB2-32 ¥k 10 / Bio B 2B HELL 5 3

Table 5 Test conditions in the 3rd Run.

86 Nov. 7 to ’87 Jan. 27
fube Sponge ball g)eoai?rilzgwater
Nol SB-31 ;?Zliil/lg/hx 1h/d
No2 SB-32 %%ﬁ%/hx 1h/d
No3 PB2-32 %?2‘;?1/15/ hx1h/d
Nod PB2-32 gbzilllz hx1h/d
No6 (CB-30)1! grzt;el/fsouling

(1) Every month
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3 —_ > 10
Nob x
x g8 S f ; E S
= 3 / 5
S 2 S
— ; X
X o -
= 4 g Nol (SB-31. 10balls/d) 8
¢ loo § No2 (SB-32, 10balls/d) B 05 T
g 33— 2
o g
ol / Variat@ & JT_ —
2, I === 3 L L
S los , No4 (PB2-32, 5balls/d) w
No3 (PB2-32. 10balls/d) _ _ - H — —
1 — ——— A e = ——— ) L 1 i 1 L L L IR
A Ug71121 2 3 4566 7 891011121 2 3

o - No5 (PBN-31. 10balls/d)
November December January
‘86 ‘87

Fig. 15 Fouling in the 2nd Run.

J Il Uk T, B gk LR R R AT
WL Tz, 24 PB2-32 29T B i ORTEER
icdaLorBEbni,

PBN-31 oW i#E# 113 PB2-32 7#45 (Table
1 &8) 12 Lib 59, PBN-31 oditifridss PB2-32 &
Do T2 ¥, MU PB2-32 XX REW, HEW
TR UE NS N AT S SB-32 X SB-31 L )
EN TR A S L o2 e s, AR VR—LD
BFEEM: 0 OV N TR T OBIFRIC DV TRD Z E A 2
HiLtz,

F 7 L EDWFI I MEREET 5 AR P R—W
Wi v, DA, PR R — Lol At D S IS IFER
RN O =R T ARV ENERY) v
TR—=ND L IR T 2H) ZAZAE P KR—I
DRI RN D, ARy UR—LOBEREE, HHRHE
D NTER 1 O TS B W CIERTEER T8 & iU
1Dk ST LT B, AEER S, FUERTEEIL 2/
Jem? L EAHESRE S e, —T5, BNEESTIE, AR
YU R—NADONE, EIEFTE R R TSI R
Nz, PBN-31 »F—» LHMTHE, 708D
PR LB A NS HIZ, 2 #/cm? LLEORFERL
FEELAT L AN UEKR—IIH - T, 450gfLL EAY
gL Bbhi,

3.5 BAOIINEICHITZFNEEOEFLL

No. 6 4 £ &3 o HLRENZELE{LE Fig. 16 i
SR 7z, EW(19864 7 H ~10H) B gk 0.7 FU/
day UL ETH Y, ©—7ffld 1.3 FU/day %R L 72, K
»LEICHIT TOBENREIE 0.3~05 FU/day TH 1,
13T —5E L Tz, ORI E RS & KR EIZ DWW
T Fig. 17 (=L 72, 198642 8 A13HA 5 9 H 4 Hic»
13T, No.6&EDHILREIZ18 ~ 21 FU nfgffE %7k L

48

‘86 ‘87
Fig. 16 Fouling speed of the free fouling tubes.

No.b

%

20 : 10
= a Fouling resistance / i

< A Head loss TT

% AR
A1

: AL

febd

. /

E

[en R PN W EnN [92] oy~ (oo N
Head loss (mAg : Total length)

July August Septermnber

No.& E
R 20 o Fouling resistance ﬁ /QH\) 10
§ ® Head loss ﬁ f f’u ’ ;;jﬂ
E rs e |© 2
)i N 7 E
2 ry . "
5 10 [d L U s £
5 y/ AR/ . 8
J ind [ =
E 7 T 3§
3 : 2
7 o 1

dood A
July August September
‘86

Fig. 17 Variation in fouling resistance and head
loss of the free fouling tubes.

72, B, JKEHIBZ L # 7.5 mAg THEERL Twiz (3F
% 1 3.2mAq),

B, Fig 1T IR T X 5B — 71
ZBVTY 2~ 3 HOWRYE A b, FOMOTE
Hilo BT s SRR L) B o7,
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3.6 #BKKE

FRFNG 7 B i B B ariTis R % Table 6 1I27R9, i
Bz, BN ADEUOKD 72810~ 5% R E w1z
AY, HELIHSEERL 72,

HEKIRRE DR E Fig, 18 1277 L 72, HEKIEE
%%&w%ﬁu%h%nmJ&UMQCf%oto

19874 1 ~ 2 AD/KImIF19864F 1 ~ 2 Alc kL T#4C

B, BEDEEDB LT Wz,
Table 6 Water chemistry
1st Run 2nd Run 3rd Run
Item ’85 Oct. to | '86 Apr. to | '86 Nov. to
86 Mar. '86 Oct. '87 Jan.
pH 8.10 8.17 8.11
Conductivity(mS/cm)| 457 432 48.0
1= (mg/1) 18680 18200 19100
Sampling 19 10 5
30
N
N o ]
° M
o 1
3 20— —
g A ;{ R
E 1] ¥ L
10

1011121 2 3 4 56 7 891011121 2 3

'86 ‘87

Period

Fig. 18 Cooling sea water temperature.

49

4. % & b))

(1) ®Y v ZR=NIZ, ZOEET HHE0.5mm
BEDOWEERFDH AT ¥R — VP RERIC ik LT
WEREICENLTBY, BICEBHNEZNHILAEZ L v
YR THHETH A2 LRI N,

(2) WMEKFOFEEEED 2M/cm? BEORY) » L
Y UR=VEEICB TS, 10/ BoEsEs L -
TF I EDFHRELINTNB L LI TE L, 272
L, BBICEWTIZ1E/ Bo%kiE Ty, 1 HOM
WHEND 13 X105 m?K/W Bind 52 & 25h 0, 128
MDD BENED S LR & A b,

(3) ARy R—IHREERFIIBWTIL, BEEN
DEIHEITL, 2~ 30 A THEFELR LUTFICHET
L7z,

4) A—RIT o T LR—NITBZENLOBREICEDE
B2, B, TOHER—NLDI A Z LB -

72 (500m L LR 5 X KM @ﬁﬁ@*ﬁ‘f‘f)‘ﬂ}t?ﬁ L, Wi
ﬁﬁ@tkf%ﬁtf)

, ARSI A T ERY (B - )
i‘xﬂqﬁff/w)'r) W b DEFEIE L L CERE 20T
H5b,

X 28

1) T. Nosetani, S. Sato, K. Onda, J. Kashiwada & K. Kawaguchi:
Sumitomo Light Metal Technical Reports, 22 (1981), 30.

2) L. R. Berger and J. A. Berger : Final Draft Entifled, “Counter

Measures to Microbiofouling in Simulated OTEC Heat Ex-

changer Using Sea Water in Hawaii” Published in Applied

Environmental Microbiology.

J. G. Fetkovich, G. N. Granneman, D. L. Meier and C. W.

Fette : Proc. 12 th Annu. South Easte. Seminar on Thermal

Science, VA. “A Novel Method of Measuring Heat Transfer

Coefficients with High Precision”, (1976).

4) T. M. Kuzay and D. A. Bors: ASME HTD-Vol. 35,"Fouling

", (1984), 89

&1 RARELY, (EHIS04E),

3

o

in Heat Exchange Equipment

5) Kk JIFEFMH 220.



Reprinted from SUMITOMO LIGHT METAL TECHNICAL REPORTS (Title No.R-346 )

BT & #

TV =T ALEREIZEBIT A
WD T 777 > - R A

2 I B £**

Crown and Shape Control Systems

for Aluminium Rolling
Akio Sugie

R &8 T2 bk 2 &+ Bl BF 22 P



17 & #

TV =7 LFEEICBIT A
BATDIR 7 T 77 > - Ttk *

¥2 aI B L

Crown and Shape Control Systems

for Aluminium Rolling
Akio Sugie

This review describes briefly some examples of the strip crown control system and the shape

control system which have been applied for aluminium hot and cold rolling mill. Two types of

control system, the set-up control system before rolling and the feedback control system during

rolling, are used for each strip crown at hot rolling and strip shape at cold rolling.
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x2

W7oy T 7HEH L 2F 2120 7 5

CASE 2

CASE 3

CASE 6

Strip Profile

CAL7_"§

REF
S S
ERR

CAL : Calculated value
REF : Target value
ERR=CAL ~ REF

Judging logics;
(1) Error is maximum at strip edge.
(2) Error is minimum at strip center.

Determining actuator settings;

(1) Set DC-WRB so that error will be
zero at a product width.

(2) Pvc=0.

(3) Make roll spray pattern
in barrel derection.

uniform

Strip Profile

i | N

CAL
ERR

Spray ON

Roll Coolant Spray Pattern
udging logics;

(1) Error is maximum at neither
strip edge nor strip center.

(2) Error is negative at a point 100 mm
from strip edge.

Determining actuator settings:

(1) Set DC-WRB so that error will be
zero at a product width.

(2) If DC-WRB setting is beyond the
limit, increase VC-BUR inner oil
pressure.

(3) Set spray pattern as shown at
above.

Strip Profile

CAL,~ | TN\

REF
ERR

Spray ON

]

Roll Coolant Spray Pattern

Judging logics;

(1) Error is minimum at neither strip
edge nor strip center.
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Vaper Explosion of Molten Aluminium-Lithium
Alloy and Water

Yoshiaki Watanabe and Kazuyoshi Oka

Ingots of conventional aluminium alloys are fabricated by direct chill (DC) casting. In some
operations, molten alloy comes into contact with cooling water used in DC casting. Although
this "run-out” is potentially dangerous, industrial applications of techniques have reduced ability
of explosions.

It has, however, been demonstrated that a violent and fatal explosion will occure in the "run-
out” of aluminium alloys which contain more than 2 wt. % of lithium.

In this paper, in order to gain some means of preventing Al-Li explosion in the DC casting,
researches on mechanisms for vaper explosions are discussed.
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HY, BEOKOPEFBERERNIZOAHAL, DTN
THFOKHAIMEE N, AL TEmeE % Wmt
THEEZT,

Z i (Entrainment) X 7= XL EMENT
WRB HL, DTRLZEHEEEOFNELBHT
2Y, FROAHDZALERFEZ LN T LWL TH
5,

(4) WL AR X B BB

Ti‘??ﬁ‘i'ﬁﬁ‘h%b (B RIC AR N L &, R TOE

2 & o TR AR 2 S IRE R DR RS 11
T&GMTLTZMJ TR —EPWAEBICHE T 5, ZORET

DEMEEIL, RADBETELN TS, TOM, Hik
LRSS 2 LN b ERAEN—HrHSLN, *
D fETOERh GBI LY NBEIEL L, OB
FEIC & o TH U 2 PRI A 5 T B LR T B
@A L&, FICTHOERMEHEL, A
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Brauer{Z Al Pb s “Mﬁ/} BAICEHAL, K Tolk
e EEE TR LY MBITL, EBRBEEGEL TRD
Lo icHERIL 7z, ﬁ*ﬁ@“(ﬁ\mi%@%ﬁﬁb« IR, BB
72#% (Shell) RS N5, 5l E &L 5 EREIHOHEH
PRI, 3R e ERpoM»AIEIC L > T, =7 %
/*%nzptfﬂiLihfkﬁmﬁbfnméﬂ A
WEHEED, BONTH LR 2 HAURRNIC S BT

3, i, HoBHESR @Iuﬁ~£0,@M%ﬁMﬂ
T2 A H = XL e RFLI2,

ITHIFIBEKILUNDESICE Y FEBTWE L) TH B,

Z-=>)c

4.1.4 BHIEXIE

AlcoalzLong? TRIVvAAS, 230X,

(1) B FERVBERIC 7Y —2, Bl (2—1

F—NIEXE) FRAFTHI L,
(2) B b OKEITHRSZTE
RHESEL T B

4.2 Al-Li/ KEBER

FEREOA D= XLICERL, HOAF LB
@#uhy%@lﬁmméfﬁn%ﬁ”i%ﬁ$+“
THh - 725, Al-Lifdgss b, Al KIS & offE
TR LME» LN,

4.2.1 EBFZE
LRIz

C(>3ft) ¥562 &,

I Rl T, T T, HEER
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detonator

"Cordtex”
AHIFY

"Perspex” 15 R

"Aeroweb” crushblock

3 HHBI S > 7 EIEER

HEENOPIELZR I N L IR L2, HL, TEEHED
TETHB,
® S anrh KR
o 2 5#)Cordtex” DN
o "Cordtex” K (XE % (Detonator) DY {41F (&
® 5t o )L X — W% W28 “Aeroweb” DN E
o N\ L (5 KDy £ 20

o nimd (a)iTH, (b)ETHH (c)AMY—21

%

® HEEEIC AT b BKONE

EEIC B WL, EEIMIE IR U 2 RgiEE
LTRSS 2 ATHC REZ T3, 2B,
AEBBRIC BT, AL/kE £ UALLLL ke L ic
BB MR —GIE L o 2 572 L BB S LT
5,

4.2.2 BREOKES

RAIFET LI, BREIELLEAEOEN ALY
— (LBl BRI ALK — T, FALLIOH 7k
Ev, I, BREIANLX-ZFLIBEN LHICL ST
TRR B Haic T 5, (X5)

423 BEOELSE

Alcoa DiEF2 Iz kU, LigE» 2 %Ll EAl-Lik
BOEEEE LT, AL KD END & BNTH D,
ZHUFALFLIES O K E D BRBUEE 2R Cwd, =
MBI LT, B LB R TR T % &
EenLHick b,
Al-LionFAlL L D ig&cd D, B, &g & sk
AE, Alcoa MERZEMTTwB, L, #3EL
7234, S00CLLETIFAL-Lid oo - TL F 9
B, TOZEICEL TR LN TRy,

4.2.4 BRESHBTOBRREIFINE—

AL/ KBEEESELICHFIT R = F v > 7)) 3 —n
FD“Aquaquench 251 (40%7kiz#)” 13, Al-Li /KT
WBHEMThD Tz, £2T, HBL BB E %Y
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A-2.59%Li
30k
2
8 w0k
@
& Pure Al
& /
/
10} /
/ /
;) /
/7
0 / i ! ]
0 1 2 3

Weight of metal (kg)

B4 ETHEBEIALXY-1D

Violence (kJ/kg)

4
Lithium content (wt%3)
B5  Al-Li/ K85 x 70 % — OLI AR A
BANSTRC, &AL BB B3 2 AL X —pok
OBz,

BREIANT—%, AHREEOWHSCEBRET L LR
DL D,
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T X 8 & R &K &

October 1988
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Aluminium

750

i

Metal temperature (°C)

700 -
Al-25%Li

650 | | { |
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Minimum cordtex length (cm)

6 BEERELZIED

X Ethyl alcohol

40 +-
% Propyl alcohol

Energy vield (kJ)

20+

Propylene
10F

x Ethylene glycol

200
Boiling Point (°C)

T AL/ ZHMSaEHBERE AL ¥ —19

BB BT BRI DT L H, KERBRED
HTHH2LWLT, 7o AT ra—Logeiike
WMAREE > Twd, 2L, BEENEICREZ T
W3 (KD Aye=14(kcal/cm-s-CHZXTL, 72 AT L
T— )T Ape=0.41(kcal/cm-s-C)YTH V), B HHHE
WEBEEZ TR L) THEI—EEEE),

ZOHOA, TFLVI) a— LOBRIFZNLX—(T, K
DENLD LNE N, ZZTRICALLL, =51 > 7))
DI—NDBREIANX—%, LIBEFBHE L THEL
72, FERIIBE 8 ITRT,

HREROZHRE LT,
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Relative Violence

Too low to quantify

0 I | ! )
0 1 2 3 4

Lithium content (wt24)
Be Al-Li/zFro o) a—n s o0 X — LI R

(1) LilE»0.6~2.5%NEE T/ IMEEZTRTZ &,
(2) LESEOALLIHFE LD L, LizgdEhwAlg
BDOF BRI RE T &,

WD LIS,

4.2.5 Al-Li/KEBHEE

ZL, AIFLIBBOKPETROZEE & AGE D%
NELELT, TROEEZHEH TS,

(1) Al-Li ko363, 72 S BN k4
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(2) wHBILBRomE (B, BREEREESEL V)
oFEHE, Al-LICE-> TEZEL, KEizkssElbh
LEHE Oy FOFEEL T,

ZoOmBESEE, Al-Liggp oLl & kA 5O6 L *Y Kk
FADFEEL T AR EHEIS N, ZoZ EHTAL/K
EDOPERMESTH DL, T2, ZOKKETANBURE
JEIZKIERD Z U HR—HT R E n 72620, B RO
EMIGEDAL /KR EN KTH Y, ZORR, BEILIVE
SicEt, Ho, BRI ALY - RkEVEHERING,
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BREDIA I T TEATSTHY, KEDHTZBHRR
ALV EHEENS,

Fiz, Al-Li/ =F Vv 7)) a— BRI AL ¥ —
OARREZN RIS, K e FIRRIC LI B L KE A A2 HET 5
Lo, FRIGERW»EBRGEZE, £ OREREEE
BANRIE N 25 TH AT,

LLads, ZOMBLRIICALNZ LIS,
3 %L N LIREIH L TE -4 TldZe v,
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HEIT O RS BIT A BRI L 2RI R
P, REFFCERA N AEOREESHEL, LT

*1 1REGELTRITERSIEZLNS,

2Li+ 2 H,O= 2 LiOH+ H:
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HEDHT2
(1) ARLSOGHE 2 R 2854
IFV Ty a— g e b(Alcoaik)?,
KEFEHT 2854
(@) B MokEESZ V- (Alcanik)!®),
(Pechineyik )2l
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