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Refinement of Primary Silicon of Hyper-Eutectic
Al—Si Alloy in DC Continuous Casting

Kazuyoshi Oka and Masahiro Yoshida

In reccnt years, there has been increasing utilization of extruded hyper-eutectic Al—Si alloy,
and there existed some technical problems in the direct addition of phosphorus at furnace for refin-
ing the primary silicon. In this work, the effect of two addition methods of phosphorus on refining
the primary silicon has been investigated in semi-continuous direct-chill casting of A390 alloy. The
first addition method of phosphorus was the continuous in-line addition of extruded P/M Al—Cu
--P alloy rod and Cu—P brazing filler metal (AWS BCuP—2) rod at launder. The second was the
conventional direct addition of Cu—P alloy at furnace.

Results obtained were as follows,

(1) The continuous in-line addition at launder was effective to employ P/M Al—Cu—P alloy rod
which had finely dispersed atomized Cu—P alloy powder in aluminium matrix, and the yield
rate of phosphorus was much superior to that of the direct addition Cu—P alloy at furnace.

(2) It was possible to refine the primary silicon of A390 alloy by the use of extruded P/M Al—Cu~—
alloy rod and the rising casting temperature was more effective.

In the case of Cu—P brazing filler metal rod, however, the refining effect could not be obtained
in this study.
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Table 1 Chemical compositions of P addition agents.

Chemical Composition (wt.%)

P addition agents
Cu P Al
Rod A 46.1 3.9 Bal.
Rod B Bal. 7.4 —
Cu—P Alloy Bal. 8.2 —

Table 2 Chemical composition of the material.

Chemical composition (wt.%)
Material

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

A390 |17.0{0.15| 4.5 {0.01[0.55{0.00|0.02]0.02| Bal

January 1987
Table 8 Casting and P added conditions.

Run P added | Casting Temp. | Temp. of P | Amount of P
No. method® (c) addition ('C) | addition (ppm)

0 e 740 e e

1 A 750 750 490

2 A 730 730 490

3 A 750 750 180

4 B 730 730 500

5@ C 755 790 500

6 C 685 785 500

7 C 745 785 1000

8 C 690 790 1000

(DA : continuous in-line addition of Rod A at launder.
B : continuous in-line addition of Rod B at launder.
C : Cu—P alloy addition at furnace.
(2) Measured the cooling rate by inserted thermo-couple
method.

L4 Run No5~8

Holding fumacf/ Run No.1~3
Run No.4
M /
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Launder Mold E
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Fig. 1 Schematic diagram of experimental procedure.
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Fig. 2 Microstructures of cross section, Rod A and B.
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Fig. 3 S.C. image and EDX analysis of cross section of
Rod A.

Table 4 The yield rate of P additions.

Run No Amount of P Content of P | Yield rate of P
addition (ppm) (ppm) addition (%)
1 490 110 22.4
2 490 94 19.2
3 180 36 20.0
4 500 5 1.0
5 500 31 6.2
6 500 21 4.2
7 1000 25 2.5
8 1000 27 2.7
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Fig. 7 Cooling curves at various points in Run No.5.
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Effect of Added Elements on the Capacitance
of A.C. Etched High Purity Aluminium Foil

Kiyoshi Fukuoka and Masaharu Kurahashi

Effects of added trace elements in high purity aluminium foil have been investigated on the ca-
pacitance and weight loss in A.C. etching process, and also on weight reduction after immersion

to 20% hydrochloric acid.

(1) Addition of <117ppm Si, <32ppm Zn, <36ppm Fe, or <60ppm Cu to high purity aluminium
were not affectable on the degree of chemical weight reducton. But in the cace of 350°C X lhr
intermediate annealed foil containning 50~ 101ppm Fe, the chemical weight reduction was 25
9% higher value compared with non-intermediate annealed one, in order to precipitate Al—Fe

intermetallic compounds.

(2) The capacitances of foils added <117ppm Si, <101lppm Fe, or <32 ppm Zn were obtained -
3~6.5% higher values, and for foil added 60ppm Cu, the capacitance was 12.5% higher and
the A.C. weight loss was 2.2% lower than that of high purity aluminium foil.

The weight loss of foil added Cu in A.C. etching process could not be explained by the degree
of Cu precipitation and chemical reaction in this study and authors consider that the phenomenon
depend on mechanical separation of sponge structure from the core during the process. )
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Table 1 Chemical compositions of specimens.
Chemical composition (ppm)
No alloy

Si Fe Cu Mn Mg Cr Zn Ti Ga Al(%)
1 base 27 20 <1 <1 <1 1 <1 2 1 99.995
2 Al-Si 57 12 <1 <1 <1 2 <1 1 3 99.993
3 " 72 12 <1 <1 <1 1 <1 1 <1 99.992
4 " 117 7 <1 <1 <1 <1 <1 <1 <1 99.988
5 Al—Fe 8 36 <1 <1 <1 1 <1 1 1 99.996
6 " 11 50 <1 1 <1 2 <1 2 3 99.994
7 " 13 101 <1 2 <1 1 <1 1 2 99.989
8 Al—Cu 13 10 11 <1 <1 2 <1 1 2 99.996
9 " 12 14 33 1 <1 2 <1 1 4 99.997
10 " 12 7 60 <1 <1 <1 <1 <1 <1 99.992
11 Al—7Zn 10 16 <1 <1 <1 1 8 <1 <1 99.997
12 " 8 13 <1 <1 <1 1 32 <1 <1 99.995




Vol. 28 No. 1 T v F o T HDFUE R BITTEMIET L 3 =7 AR OMSRRINICE O 9

1o 10
T
: _

|

@ AC. power suplyer : NF ® Quarze heater

@ Temperature control system (@ Thermocontroler

@ Specimen 3 liter capacity glass bath
@ Specimen holder © Magnetic agitator

® Graphite electrode

Fig. 2 Apparatus schema for A.C. etching.
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Fig. 3 Effects of elements on weight loss after 20min
immersion in 20vol% hydrochloric acid at 55C.
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i DRI Bt

(a) Specimen No5 (36ppm Fe) I 0.5mm |

Fig. 4 Appearance of 350°C X lhr intermediate annealed foils after 20min immersion in 20vol%
hydrochloric acid at 55C.

(a) Non-intermediate annealed foil (b) 350°C X 1hr intermediate annealed foil

Fig. 5 (111) pole figures of specimen No.7 (101 ppmFe, 0.lmm in thick).

(&) Norvintrmediate amnealed foil | 0.5mm (o) 350°C X 1hr intermediate annealid foil | __0-5M™ |

Fig. 6 Micro structures of surface in cold rolled specimen No.7 (101ppm Fe, 0.1lmm in thick).
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Fig. 7 Effects of elements on weight loss after
A.C. etching process.

Table 2 AC-etching results of specimen No.6 (50ppm Fe).

. . . Capacitance
Intermediat 1 Weight 1
”fgtr;;:“(‘;‘f)mg i‘g/mz)oss 20V 40V 80Vf
o £ («F/cm?)
Non LA. 48.8 18.2 8.48 2.34
350°C X 1hr LA. 49.6 16.7 8.14 2.24

724 mi36.5%nm xR L7z, 72, 60ppm % K0

L7z B0 EARI39.3uF/cm?y12.5% M L 72, =
D&z, AR L EREOBOEA &R, NS
ik BEIRED LN,

Table 2 {2 #50ppm =i L 728k, K=z v F>
TIHOERWIREHERTRL, FHRHEOFTENES
OWTRT, HEREOSA & FERE, PR EZKES
o IZREDFHD, iR v Fr 7B TLESR
WAEINEC, F£2, BEFRIGVRHREEL,

4. % %=
4.1 EBMRAFOBHRBELEBICOVT
BRICT LI =7 Ak BEL 2B B ESILERIC
HHEN, TLI=DLLNELENOEREZIEERE
MAbaMp F=E IS L T 28B4 BUSBE L EC %
52 k0, LN TwBEY, 22T, KEBROMGH
BT BRMERS DT IV =7 L0 b O O REEC
DWITHRETL 72,

Content (ppmy)

Fig. 8 Effects of elements on 40V{ capacitance after
A.C. etching process.

650

/O/O’
yd

600

550

Temperature (°C)

500

4501

400 I L L

Fe (wt%)

Fig. 9 The solidus curve in Al—Fe alloy system at
Al-rich side'®

T =7 LA ZFETCHE O B 7RI B33 2 Table 319)
BLU, SoBEERICETIHEBL DT~ (Fig. 9
ZH) I LU, REREHORESE, B LUHSBOR
I BEEHEANICH B, UL, #50ppmil LB, #)
BAVALELRE600C CII AN, A HBEsRE350T T

Table 3 Solid solution limits for elements in aluminium!®.

Added | Eutectic Solid solubility in aluminium (wt %)

element | temp.(C) | eytec. temp.| 650C | 600C | 550°C | 500C | 450°C | 400°C | 350 | 300C | 250C | 200C
Cu 548 5.65 | 0.50 | 2.97 | 5.55 | 4.05 | 2.55 | 1.50 | 0.8 | 0.45| 0.20 | —
Fe 655 0.052 | 0.049 | 0.025| 0.013} 0.006| — | — | — | — | — | —
Si 577 1.65 | 0.12 | 1.00 | 1.30 | 0.80 | 0.48 | 0.28 | 0.17 ] 0.10| 0.07 | 0.05
Zn 382 | 82.8 2.4 |14.6 |27.4 |40.7 | 64.4 | 81.3 | 8.5 | 790 | 22.4 | 12.4
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Table 4 Specific electrical resistance in lipuid nitrogen.

Specific electrical resistance (1Q -cm)

Specimen

Non L. A. 350C X 1hr I A

0.248
0.258
0.271
0.271

0.247
0.251
0.254
0.252

No.l (20ppm Fe)
No.5 (36ppm Fe)
No.6 (50ppm Fe)
No.7 (101ppm Fe)
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Fig. 10 Relation between the weight loss and 40Vf
capacitance after A.C. etching process.
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Fig. 11 Stationary sine-wave chronopotentiogram.
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Fig. 13 Schematic representation of the induction time
g (z) and the electric charge corresponding to
\ 50um | dissolution of metal (Qr) in an A.C. cycle®.
Fig. 12 Cross section of A.C. etched foil
(Sample No.10). I, VuQung 59 15 kUL S Y 1 & - T kR

Table 5 Weight reduction of A.C. etched specimens after
S5min immersion in 20vol.% HCI at 50C.

. Weight reduction | 3Vf Capacitance | Ratio]
Specimen
(Aw g/m?) (uF/cm?) aw/uF (%)
Nol { Oppm Cu) 10.9 91.0 0.120 (100)
No9 (33ppm Cu) 14.5 99.5 0.146 (122)
No.10 (60ppm Cu) 15.0 113 0.133 (111)
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Effect of Frame Size on Bending Stress
of Frame Structures

Effect of Frame Size on Strength of Aluminium
Welded Frame Structures (Rep. 2)

Keizo Nanba, Hiromichi Sano and Yoshio Takeshima

Overall section modulus of an aluminium welded frame structure composed of plural frames or
frame units, where these are stiffeners with outside platings, has been considered to be decided
by total of section modulus of each frame unit designed from the space and loads. Therefore, it
is assumed that the overall section modulus does not depend on the size of each frame unit.

The objective of the present study is to investigate the effect of the frame unit size on the strength of
frame structures under the condition in which that the overall section modulus is held constant.

The specimens were designed and fabricated by modeling bottom platings for a fishing boat using
5083—H32, 6mm thick plates.

Stress distributions on each part of the frame structures were firstly examined by applying static
loads, but little effect of frame unit sizes was observed, as shown in Report 1.

Then, by using neutral axis of each frame unit which was determined from the stress distribution,
the section modulus was calculated and through it the relationship between measured and designed
maximum bending stresses, 0w and O 4 respectively, was studied.

As a result, we concluded that the ratio 0w/ 4 depends on the frame unit size which was defined
by the ratio of the stiffener height to the thickness and “rigidity of restraint” of the frame by the
floor-plate.
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Fig. 1 Schematic representation of specimen and
applied load points.

SO BIVEIC Y 5 CTHEE L 72 Zae, Zap & DBFRIZDWT
FRENERESE KD, 72, Zak AT, AR
Ry Erat sk (cHEGCHlmEE & LT, Waaaieig
Wio BT sMTFIE Oy ZHHL, EREITETIOny &
DIy, WEIKE ORI W TEIRER 2 Ko7,

DL Eoodgs 2 v, Bk e, SElhiTIe ) 0w,
B5E L WAL Zar B B TEIE S NS IE B
Bz BT 2 FHEHNTIE 1 Oay DO wy/Cay & DGR N %
Koo, MHEOBFREPRERRICL > TRIRL 2,

Table 2 113, ABIC BV THWRT L NERE
Y,

3. R CEE

3.1 BHHER

BIRY 2B W, MEHETOERMICBITS Oy &
BV OxDAEHM L 2# & L CFig. 3%7R%¢, Fig. 3

IR L 72 Oumx 2VBEMEIR O (k) #ITFIEHTH D,
:m‘iﬁ ERRIC BT AIEhokEe/ek LT, B,
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e
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3 4
e Effective width, b ———=

Fig. 2 Location of neutral line.

Table 1 Dimensions, geometrical moment of inertia and modulus of specimens.

Frame Floor-plate
. H/T)
Specimen) g, h /12| Zoo |Nerd| Zaor | S, | H | |THYI2) Zop Naber o Zaw | (/D
(m) 1 (mm) n/t (mm?*) | (mm3) | stiffeners | (mm?) | (m) | (mm) (mm?) | (mm?3) | stiffeners | (mm?)
H3 0.3 22.0 | 3.67 5,320 1,400 4 5,600 | 0.3 74.4| 12.4 |206,000] 11,200 | (4)V 3.38
H4 0.4 37.8 ] 6.3 27,000 3,310 3 9,900 0.4 86.7| 14.5 |326,000{ 14,900 (3)V | 44,800 | 2.29
H6 0.6 74.4 112.4 206,000 11,200 2 22,400 | 0.6 1108 18.0 {630,000} 22,300 2 1.45

Y]

Number of stiffeners in these specimens is 2.

16
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Table 2 List of simbols. 10
H3
. . . , W, =400kgf
to and b : Thickness and Effective width of outside or Edee of | ’ ¢
bottom-plating o 8o o for-p ate
St : Frame space 0 '\‘\‘\ I
th and Z; @ Thickness, Stiffener height and Section %
modulus on frame (-unit) \ j
Sp : Floor-plate space -10 =
T,H and Z, : Thickness, Stiffener height and Section aE“
modulus on floor-plate (-unit) E
er/ez . Location of neutral axis E ~20
. epia o - H4
(H/T)/h/t) Rxg{dlty of 'restramt 8 W, = 900kgf
N4 . Applied static load g P Edge of floor-plate
g . Stress & 0
(Suffix)
f . Frame (-unit)
P : Floor-plate (-unit) &
of or op : Overall frame or floor-plate structure —10
d : Designed value \
m . Measured value ~L
¢ . Calculated value —20 5 50 100 o
XY.Z - Axes Distance from outside-plating center (mm)
Fig. 3 Stress distribution on floor-plate, where static
load is applied to floor-plate.
Table 3 Values on frame obtained from measurement and calculation.
. Wi Omy be Zet Tey
Specimen ei/e be/t ) OeY/On Zes/Z
> (kg | (egt/mmt)| /| (o) 0 )| (egt/mmey| 7O | B/
250 8.1 3.45 71 11.8 1,220 7.72 0.95 0.868
H3
300 9.5 3.28 66 11.0 1,210 9.34 0.98 0.861
500 11.6 4.30 118 19.7 3,140 7.96 0.69 0.949
H4
750 17.9 4.27 118 19.7 3,140 11.9 0.67 0.949
1,000 12.3 5.13 222 37.0 11,100 6.73 0.55 0.995
H6
1,400 17.3 5.09 219 36.5 11,100 9.43 0.55 0.994
Table 4 Values on floor-plate obtained from measurement and calculation.
Wp Omx bc Zcp
i er/e be/t Zep/Zay
Specimen (ke (kgf/mm?) 1/e2 (mnm) /to (camd) o/ Zay
250 5.5 4.81 203 33.8 11,100 0.988
H3
400 9.1 4.74 198 33.0 11,000 0.987
700 13.4 4.71 218 36.3 14,800 0.991
36.1 0.991
800 15.3 4.68 215 35.8 14,700 0.990
H4
900 17.1 4.55 207 34.5 14,700 0.986
34.1 0.985
1,000 18.9 4.49 202 33.7 14,700 0.984
1,000 11.0 4.77 258 43.0 22,500 1.01
Hé
1,250 14.1 4.69 254 42.3 22,500 1.01

17
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55 1.2
1.1
/ L —
4 1.0
Y ISR - SR, % I e
o4 3 0.9 ——
3 ° R
£ /‘ 0.8
) 0.7 Z./Z4=0.195log (h/t) +0.771 ——
25 (r=0.96)
$ 0.6
be/to=15log(th3/12)—45.3 05
15 (r=099) 0.3 0.5 0.7 0.9 1.1 1.3 1.5
/ log(h/t) or log(H/T)
5 Fig. 5 Relationship between log(h/t) or log(H/T) and
3 4 5 [ 7 Zc/Zd.
log(th?/12) or log(TH3/12)
Fig. 4 Relationship between log(th?/12) or log(TH?/12) Zc/Za=0.195log(h/tdh % 3 H/T)+0.771
and be/to. e (3)
Fig. 552 3RQB) &Y, 3.20RIHRTE 5,
Tihbb, EEEOWHEGEEIE WVt HB T H/TI2E
n, RS LBMBERICEWT, & EB Y OWER
BHBLNTHWEIEich b, TNUATHEIFEBID
BITHRH A 551213, BEMERE2EUR L THEYT 50

be/to=15log(th%/12) —45.3
...... (]_)
Bk b,
3.4 BIBHIKRE Oc/Cny DEER
WIE D Za 12, BIEHPBIIIC & - THEmEZEE LT
LELTHEEINSGY, LirL, ELEE (absolutely
built-in) i3, 2% D ¥ L <, R HEH L 2#iTIE

HbviE
=1510g(TH3/12)-45.3
J1Oy & Ouy DBNZIZESET B EEZLND, ZTDE

...... (4)

Fig. 45 2 I3 R(1)» b, be/to (3 log(th3/12) &5\
13log( TH3/12)ICIKF T B, SxaT#Ese7 ©29 Ti3, b i3
DS BT A0t DS W ZRAWDL EENTEY, &

e, BIERY 1CHE L 72 & 9 1040t (240mm) % H
WT Zas #EELR, LAL, ZOREXEHETELD

12, Fig. 4 i SR L 72be/to240nEHTH 5,

bb, RODELHELLE & % 5 RENCR L 2IER
Oev=W;¢-S,/ 8 Zes

oW THRET L 72,
o BIEPMARIC L » THmEE SN TWw5B &
LTwb 728, BEEE (rigidity of restraint) & Oev/Omy

:a)iﬁm,
DEEERDBOI BN THB EEZLNE, T ZTH
FEENMEL LT, (H/T)/(W/)(ZZTiRT=tTh5
r28H/h), Wi k®— 2> F ol (TPH/12/th3/12)
HorwzZ b log F ¥ 2V TO/Ony & D

BgEkediz, %a)¥:l§%1 (H/T>/(h/t) e O.CY/O'mY D

2BV, MBEEES0.998, Sogeic i (12720,

HOBAICELEND Z &ICX 5,
(th3/12) % 2 3 (TH3/12) 249X 10*'mm*
#1213 log (T3H/12)/(th3/12) & HIEBREIZ0.96TH

th3/12 & 5 iz TH¥/129RW5A13, ARG EE

EANE LR, to DA b DI (FMR) AU REZEM &
L1, ZTOEEILL WD), BWEIFLNIZ,
ZITR, 33EEABLEEL T, (H/T)/(h/E)

PEEE L EHL T, Ouo/Ony r DBERIC OV THRE

LR L 20w, 2, 3312 & 91, Zaas, th
wma KD, FeFg 6107 T, BERERG)TH B,

/1286 B wvid TH3/1212 L » T Zas S WIRWBEDDH 5 Z

L EERT 5,
3.3 IhBERkE Z./2, D%
3. 20088 b, MERRE Z/Zs DBFR 2 RETL 72,
23, FH
A8, PRICBWTIE, FOMESFBMEEEINLTwEEL

BITE & WREC LT, BIERIKk%E D/t 5 \I3H/T, th®/12
T, LIS Oox & M L BTN Onx & DE

HorwIITH3/128 L, Z/Ze D% & L T,
1B, logh & #:#%E L ¢, ME% K>z, ZHWlog(h/t)
B B \izlog(H/T) & Zo/ZaRic BT, HHBIREH0.96
y. Hosa (0.81~0.93) I HA~EWEDERL A, T *1
HOBIR AT E B 2 L o 72 B2 A LU, Oa/Omldl 1~1208BTH - 12 £ & A
% z Tlog(h/t) & % > (Flog(H/T) & Ze/ZaDBRRIC 2 BLTHC, L, MBI BT, DT« 4 >
WTEERE# 2 KD, £ % Fig 5icmd, BRNZ PTREMEFEIN T L 00X — LA TIREES L Tw
2rLTENL ABII BT D L) ARE D UETH S,
18
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1.2

1.0

e

0.8

=

Ocv/Omy

0.6

0.4

O/ Ty =0217 (H/T)/(0/1) +0.216—
(r=0.99)

0.2
1.0

1.5 2.0 2.5 3.0

Rigidity of restraint, (H/T)/(h/t)

35 4.0

Fig. 6 Relationship between rigidity of restraint,
(H/T)/(h/t) and Ocy/Cmy.

UcY/O'mY:O.217(%%> +0.216

Fig. 6 2 WigRG) L), BEENRME & LIC Oy
[Omy P LICIEDK, Thbb, HEOEHIITLEE
Wi b, B, NEOMEIZ0.5(T b, Wil
HROEE) LR b k3w,

4, H/T#—F T3 Eh/todme & LIcEEED
B2 ), TmEMERICIEDC, Oy & Ony DEITK
EXSY), Oy Ony &Y, VB b, —FH, R
B 5613, h/t D& & HIZ Za A Zas 12D, L7
BT, RBB LGS, ZakUOyzi LT, E
Tk & Oav & Cuy DEFREL I, 2, Ony/Oav %5
NETEMEERIKOLND EEZ LB,

3.5 MEMIKRE Ony/0ay OBEE

Owi3(6)THZ b b,

Tay=W;-Sp/ 8 Zas

Zatl3 R(3)C B TZy=Zas,
ZeldF(5) &GN BT T vy=0ay
ELT, FnbERBGICRATSE ERMNDELNS,

Owy/Cay=1/[1{0.195log(h/t)+0.771}
X 10.217(H/T)/(h/t)+0.216} ]

72720, 0.520/Ouay= 1 TH L5, REBDHIEH»H
%)0

1.4=(H/T)/(h/t)=3.6

T4bb, (H/T)/(h/t)z3.6H5 i<l dns s, #
nEn

0.217((H/T)/(h/t))+0.216=1 H 2 3 =0.5

KNERONL & TH/T=1~60& LT, #H, #HE
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3

1 H/T

(H/T) /(v

(1.4

g (2}
& 40
S /
3 50
1F Go !
0 I ! PR L PR R 1
0 5 10 15 20
h/t

Fig. 7 Relationship between frame size and G wy/C ay.

FTE%ITO &, Fig. Tk 9ic4 3, %3, Fig. 71044,
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POUTOZ &P LD &0 B,

BEAETXTOE, MREROHEEEDL & T,
Owy20ay &Y, ZOHBFIIB L% Onv=1~2.604
THB*, Oay=0av & % 5 DIZH/THWB0LLE, h/th10
LU bEniiadicBnTThs,

H/T—%E D%, h/toEd & & L1203 OnylCHED
Co THUBZFEELTRGNCE S, T4bb, LS
MEaOBEEEIBT 2o THE, LrL, 2L EERE
D3.6FTTHY, FNLTONtTIRBIZ Cay i3 Cmy H
LEEN G, ZNRB)DHTH Y, TN WiFi R
DEREHEL D NE B TH B,

h/t—ZEn & & Tid H/Todghn (BEEon) & &
LIy 13 0my 12T,

Tbb, Fig. 8I2RL L) B EHHBTICE
FHHIFIE(0)E, BERERSEOMEGRKY —%
ERFFL CLBRROEEE 5, e &bt

Fig. 8 Schematic representation of factors affecting on
bending stress of frame structures.
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Development of APF Condenser Tube Having
Anti-Biofouling Properties

Koji Nagata and Kyuji Sudo

In order to improve the anti-fouling properties of conventional APF condenser tube, some quan-
tities of copper, 90/10 cupronickel and CuzO powders were separately prepared up to 50 wt.% to
APF film. Tese samples of sheet and/or tube were tested for max.7 months at the marine facilities using
clean sea water without chlorinatinn. The following results were obtained.

(1) The addition of copper powder showed more effective to prevent the attachment of barna-
cle than those of 90/10 cupronickel powder or CuzO powder.

(2) More than 20wt.% copper powder addition was necessary to suppress the macro and micro
biofouling. The anti-fouling effect of copper powder became saturation at the 40% addition.

(3) The heat transfer rate increased with the copper powder addition. APF-A2 of 25, m thick
containing 40wt.% copper powder showed only 3% drop in heat transfer rate compared with

new aluminium brass tube.

(4) The dissolution rate of copper ion from APF film containing more than 30wt.% copper pow-
der was calculated to be about 104 g/cm?-day from weight loss of sheet sample of 5 months’
immersion test. If this dissolution rate will be constantly kept, life time of anti-fouling prop-
erties of APF film 25, m thick will be estimated to be 20 to 30 months.

At the surface side of APF film, copper was found to be depleted. It is due to the dissolution of

copper to sea water and the insufficient diffusion of copper from tube side. Therefore, anti-
fouling life will be expected to be prolonged although the anti-fouling ability may decrease.

1. #&

JE2#520um OEBBIREREZ, ZONEICERL 2
APF K88 2l &rEic BN, 2E, T, &,
ERENBTHRBIESBICERINTERY L2L, &
BRI IZ B B e iz e, IRFREAEHOK 2 i HEbKIC
EET 2B 3R EYAE LT <, FHERES
GUECE > TE 7Y RAB T TOBEED LA T 4 4%

il

BRACER S EHH R RS E RS EAEEY
BRI S > R 7 AT(BH64E 9 B, B - ) THRE
= IR & RA BT EE Lt
BT 72 A & B AL LR 72 50
Loxg 70T, W, BB B4 L A AEWEEL A
FA LT LT,

Kk
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FEkic & EBRERETEORENEL XN H 5,
Znrzd, BiEREEEH T 5 APF REOMRESUE L
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JIS H3300 C6871on#f (1E50mm, & &110mm, JEA
1.2mm) BB (#4825 . 4mm, AEL.24mm, £ 31,000
mm) N, DT ok K & fek50wt% % Tl L 22 APF
BEE, BIEIC OV EEE T E 2 100um, #HE
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2.3 EERFE

ST, R NEEICE L 72A, B2 2o ERTEUK D
AT B L R BIC TT - 7, MFEER & L BUK

Copper powder -

1

APF film

Fig. 1 Cross section of APF film containing 30%
copper powder of type L. (:X300)

PVC holder

/

[
Sheet specimen (50 X 100mm)

40mm

Fig. 2 Setting samples for immersion test in sea water.
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Fig. 3 Effect of various types of powder added to APF
film on attachment of barnacles to sheets immersed
into clean sea water at A power station for 37
days.
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24



tubes coated by some anti-fouling paints.
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Table 1 Chemical analysis of inside deposit by EPMA. (wt%)

Specimen (0.5m/sec) (6] Na | Mg | Al Si S Cl Ca | Mn| Fe | Cu | Sn

APF 24,11 1.9 2.2 113.5[33.6| 2.1 5.6 |057]0.3]|6.91}0.0 —

Anti-fouling APF containing | E type| 20.4 | 1.7 | 1.9 | 11.8]29.2] 1.1 | 1.2 | 0.4 | 0.2 | 6.7 | 0.1 —

’;‘ 20wt% Cu powder L type|16.0| 1.3 | 1.9 |10.1|24.8| 3.5} 3.3 | 0.4 0.1]6.0]0.2} —
Q:’: Low surface energy paint 18.7] 1.3 ] 2.5 |13.8(32.9{3.7| 25 |05|0.3]|88]|00]| —
Organic tin paint 19.7 ] 1.2 | 2.7 |14.0129.9| 3.5 | 2.7 0.6 | 0.3} 9.0| 1.5]0.7

Aluminium brass 25,01 15| 1.7112.3|30.0| 4.7 | 45| 0.7 0.1 |6.00.5 —

APF 55.4 1.8 | 1.1 8.0118.4| 0.6 | 1.010.2 0.4 1.5 |<0.1| —

Anti-fouling APF containing|E type| 54.1 0.8 | 1.9 | 9.5[17.6| 1.4 | 1.3 | 0.5 { 0.2 | 5.0 } 0.2 | —

Z 20wt% Cu powder Ltype| 47.9| 1.4 | 1.0 5.2|116.81 3.4 0.9 0.3|0.1]3.2}0.2 —
é Low surface energy paint 59.7] 1.2 |1 1.3 | 7.9{18.0/ 0.6 {0.8|0.5|0.2;3.0] 00 —
Organic tin paint 4581 15| 1.2 811|153 1.712.4]|0.8{0.2]|31]0.0]0.0

Aluminium brass 4761 1.9 | 1.2 6.8/16.21 1.3 |1 3.3105|0.3}9.0]0.5 —
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Development of APF Condenser Tube Having
Anti-Biofouling Properties

Koji Nagata and Kyuji Sudo

In order to improve the anti-fouling properties of conventional APF condenser tube, some quan-
tities of copper, 90/10 cupronickel and Cuz0 powders were separately prepared up to 50 wt.% to
APF film. Tese samples of sheet and/or tube were tested for max.7 months at the marine facilities using
clean sea water without chlorination. The following results were obtained.

(1) The addition of copper powder showed more effective to prevent the attachment of barna-

cle than those of 90/10 cupronickel pgwder or Cu20 powder.

(2)

More than 20wt.% copper powder addition was necessary to suppress the macro and micro

biofouling. The anti-fouling effect of copper powder became saturation at the 40% addition.

(3)

The heat transfer rate increased with the copper powder addition. APF-A2 of 25um thick

containing 40wt.% copper powder showed only 3% drop in heat transfer rate compared with

new aluminium brass tube.

The dissolution rate of copper ion from APF film containing more than 30wt.% copper pow-

der was calculated to be about 104 g/cm?-day from weight loss of sheet sample of 5 months’
immersion test. If this dissolution rate will be constantly kept, life time of anti-fouling prop-
erties of APF film 25um thick will be estimated to be 20 to 30 months.

At the surface side of APF film, copper was found to be depleted. It is due to the dissolution of

copper to sea water and the insufficient diffusion of copper from tube side. Therefore, anti-
fouling life will be expected to be prolonged although the anti-fouling ability may decrease.
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Table 1 Chemical analysis of inside deposit by EPMA. (wt%)

Specimen (0.5m/sec) O Na | Mg | Al Si S Cl Ca {Mn| Fe | Cu | Sn

APF 24.111.9)2.2(13,5/33.6|2.1}5.6]057]0.3]6.91]0.0 —

Anti-fouling APF containing|E type| 20.4{ 1.7 | 1.9 [11.8]29.2] 1.1 { 1.2 0.4} 0.2 6.7 0.1 —

: 20wt% Cu powder Ltype{16.0| 1.3 | 1.9 |10.1]24.8}/ 3.5} 3.3|0.4{0.1]6.0]0.2]| —
é Low surface energy paint 18.711.3125/13.8/32.9{3.7{25]05}10.3|881|0.0| —
Organic tin paint 19.7]1 1.2 {1 2.7 114.0{29.9|{3512.7]10.60.3]9.0]1.51]0.7

Aluminium brass 25.011.5]11.7|12.3]30.0| 4.7 | 45]0.7}0.1}6.0}{05] —

APF 5541 1.8 | 1.1 8.0(18.410.6 | 1.0]0.2] 0.4 1.5 <0.1] —

Anti-fouling APF containing|E type{54.1| 0.8 { 1.9 | 9.5]17.6| 1.4 1.3]0.5]0.215.0]0.2] —

z 20wt% Cu powder Ltype{47.9| 1.4 10| 5.2|16.8]3.4}10.9]03}0.1/3.2]02]| —
& Low surface energy paint 59.711.24}1.3| 7.9/18.0] 0.6 | 0.8 ] 0.5]0.2]3.0]0.0| —
Organic tin paint 45.8115 1.2 81}1656.3|1.7|2.4]0.8|0.2}3.1]0.0)0.0

Aluminium brass 4761 1.9 1.2 6.8116.211.313.3105103}{9.0]05]| —
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Fig. 12 Distribution of copper in APF film containing 30
wt% copper powder detected by EPMA before
and after immersion test of 153 days (X250)
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Improvement of Surface Condenser Performance by
In-Situ Artificial Protective Film Coating*

Tadashi Nosetani**, Yasushi Hotta** and Shiro Sato***

A seriously fouled condenser of the Sakai-Port Power Station. which started in 1965 has been

renovated by in-situ artificial protective film (APF) coating of the condenser tudes. The condenser
of No.2 unit with a capacity of 250 MW has two-water boxes called “A” and “B” condensers in-
stalled with aluminum-brass tubes. The gradual decrease in heat transfer performance of the con-

denser tubes has been revealed by inspections of removed tubes. Based on measurements carried
out in October 1983 for evaluating in-situ APF coating, in March 1984 in-situ APF coating was

applied to A condenser. No treatment was made on B condenser. The comparative measurement
conducted in October 1984 proved that the condenser vacuum was improved by about 0.53kPa (4mmHg).
The removed APF coated tubes presented sound coated surface except some tiny blisters at both

ends, and no indication of corrosion. In-situ APF coating is concluded as a good countermeasure

against corrosion and fouling.

1. Introduction

Aluminum-brass condenser tubes are in service
in 238 units of 263 Japanese commercial power
units with a capacity of more than 126MW. 15 units
have AP bronze tubesV. There are only 10 units
installed entirely with welded titanium tubes; 8 units
of 31 nuclear power units and 2 units of 232 thermal
power units. Of 232 thermal power units, 77 units
have titanium tubes and 4 units have 309 cupro-
nickel tubes at the air cooling section. The caqacity
of almost all of these 81 units is more than 250MW.
These figures show that the main condenser tube
material in Japan has been almost exclusively alu-
minum-brass unitl the present.

Combined with many corrosion-protection and
cleaning techniques such as ferrous ion injection,
cathodic protection and sponge ball cleaning, the
aluminum-brass tube has given satisfactry perform-
ance against clean sea water. But, this material has
the disadvantages that it is susceptible to unexpected
perforation by lodgement of foreign bodies (local
impingement attack) and severe corrosion by sul-
fide-polluted sea water (sulfide attack). A recent
survey makes it clear that the failure rate during

x This paper was presented at the Winter Annual Meeting of The
American Society of Mechanical Engineers, Miami Beach, Florida,
Nov. 17~22, 1985.

++ Technical Research Laboratories, Applied Technology Dept.

+xx Technical Research Laboratories, Dr. Eng.
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1970 to 1981 bas been less than one tube leakage
per 10000 tubes per year; the main cause of leakage
is local impingement attack®. This problem has
been cured by restricting the admission of debris,
particularly by using a mechanical process of mussel
filter by Taprogge. Tube leakage by sulfide attack
was more than one tube per 10000 tubes per year
until 1970, but afterwards the leakage rate decreased
to one tenth?. A comprehensive review of counter-
measures is provided by Sato et al3%.

Another significant aspect of sulfide attack is
corrosion fouling due to the tenacious inside deposit
composed of corrosion product and/or iron-oxide
scale formed by ferrous ion injection. The tube-
side fouling is well known as a major contributor
to poor condenser performance. There has been
more emphasis placed on the increase in thermal
efficieney of condensers, particularly since 1975%.
Economical renovation technologies for condenser
performance have increasingly been called upon.

It is widely recognized that corrosion resistance
of copper alloy condenser tubes depends upon the
formation of a protective film. An iron-rich oxide
layer formed by ferrous ion injection into sea water
grows as a protective film. Instead of this iron-
oxide film, a coating technique to make an artificial
protective film (APF) has been developed in the
mid-1970s®, and the results obtained in many trial
operations were fairly promising”. In addition to
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the suppression of local impingement attack, APF
coating is effective in preventing the sulfide attack.
One of the merits of APF coating is that it is com-
pletely applicable to existing tubes (in-situ APF
coating) as well as to new tubes. In this case, the
inside surface must be thoroughly cleaned prior to
the coating.

The objective of this report is to describe a suc-
cessful application of in-situ APF coating to a heavi-
ly fouled condenser installed with aluminum-brass
tubes, including performance test measurements
for its evaluation.

2. No.2 unit of Sakai-port thermal power
station

No.2 unit with a capacity of 250 MW started in
August 1965. The condenser of this unit has two
water boxes called “A” and “B” condensers installed
with 13330 aluminum-brass tubes of 25.4mm O.D.
% 1.245mm thickness X 15330mm length (Fig. 1).
Each condenser contains two tube bundles with the
cooling water making a single pass through the
tubes. The flow direction is opposite in the two

Nomenclature

. Constant
: Specific heat at constant pressure (kJ/(kg-K))
. Outer and inner diameter (m)
: Amount of inside deposit (dry ) (mg/cm?)
: Amount of inside deposit (wet) (cm3/cm?)
AH : Pressure difference in Pitot tube (Pa)
: Tube length (m)
: Condenser pressure (kPa)
: p—p* Recovery in condenser pressure (kPa)
7. Fouling resistance (m?-K/W)
rapr . Thermal resistance of APF coating (m?-K/W)
S: Heat transfer surface (m?)
T:,T, : Inlet and outlet cooling water temperature (C)
7, : Saturation steam temperature (C)
: Log-mean temperature difference ('C)
U : Overall heat transfer coefficient (W/{m?-K))
v : Cooling water velocity (m/s)
: Cooling water flow rate (m3/s)
2 Density (kg/m3)
Subscripts
A “A” condenser
B “B” condenser
¢ . Clean or sand-blasted tube
f1 fouled tube
Superscripts
% . After in-situ APF coating
" : Average value

2.0

&

e~
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Fig. 1 Condenser of Sakai-Port No.2 unit.
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Fig. 2 Longitudinal cross sections of aluminum-brass condens-

er tube removed from Sakai-Port No.2 unit in 1968.

condensers. Tube cleanliness was expected to be
maintained by a Taprogge ball cleaning system.

The cooling water intake is located at the inner-
most part of Sakai-Port, and its water quality was
thought to be intermittently polluted by sulfide. At
the start-up of this unit, the authorities unfortunately
began dregding the port. In order to prevent the
condenser tubes from severe attack by sulfide con-
taminated from the sea bottom, ferrous ion injection
with 1ppm (Fe?*) for one hour every day and inter-
mittent sponge ball cleaning for 24 hours once a
week were carried out from the start. In addition,
the condenser was back-washed every week.

In 1968, eleven tubes with a high magnitude of
deflection in an eddy current test were removed
for a check. The upper inside layer of every tube
was covered with a thin and powdery iron-oxide.
The lower layer was heavily covered with a thick
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Fig. 4 Variations of inside deposit and fouling resistance
of aluminum-brass condenser tubes removed from
Sakai-Port No.2 unit. The tubes have been in serv-
ice since 1965. The cleanliness factor is based on an
overall heat transfer rate of 3610 W/(m?-K).

and tenacious brown film, which was not removed
by nylon-brush cleaning. At the metal interface,
densely clustered tiny pits which are characteristic
of sulfide attack were observed. In the pits, a pale
green corrosion product was formed. Also, a thin
and black film, supposedly sulfide, was surrounding
the pits. The amount of these inside deposits meas-
ured from weight change by acid cleaning of the
inside was 15.3 to 18.9 (average 17.0) mg/cm? for
the A condenser tubes and 9.9 to 13.3 (average 11.7)
mg/cm? for the B condenser tubes; the former clearly
had more inside deposit than the latter. A chemical
analysis of the inside deposit showed that it con-
tained the maximum value of 1.2% sulfer, other
than that of sulfric oxide ion (SO*), and a great
amount of iron originated from ferrous ion injection.
The longitudinal cross section is given in Fig. 2.
The maximum corrosion depth reached to about
0.4mm, and the grain boundary corrosion peculiar
to sulfide attack occurred.
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Inside deposit (dry) (mg/cm?)

Fig. 5 Relation between inside deposit and fouling re-
sistance for aluminum-brass condenser tubes of
Sakai-Port No.2 unit. Tubes without and with
arrow mark were installed in 1965 and 1974,
respectively.

The fouling factor was measured using the ap-
paratus illustrated in Fig. 3%. The cut sample of
the removed tube from the unit and the clean tube
were horizontally arranged side by side in the model
condenser. Then the steam at slightly more than
100°C was introduced to the model condenser. The
water velocity was kept at 2.0m/s. From the tem-
perature measurements, overall heat transfer coef-
ficients Uy and U. of both tubes were calculated
as defined below. The fouling resistance » was ob-
tained from Eq. (1).

1 1
V—ﬁf —_ ﬁc

The measured fouling resistance varied from 2.6
X 1075 to 3.4 X 10~° m2-K /W, being less than expected
from the amount of the inside deposit. Fig. 4 shows
the variation of inside deposit and fouling resistance.
The gradual increase in inside deposit, and corre-
spondingly the steady decrease in heat transfer per-
formance of the condenser tubes were revealed by
inspections of successively removed tubes. In 1971,
the fouling resistance of removed tubes increased
to about 12X 1075m?2-K/W (709 cleanliness factor)
despite the sponge ball cleaning. In 1975, the foul-
ing resistance of removed tubes increased to 17 X
1075m2-K/W (60% cleanliness factor) with the in-
crease in inside deposit mentioned above. After-



32

# X8 &R BEH

January 1987

Manometer
Pitot tube
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Fig. 6 Instrumentation for CW flow rate and CW outlet
temperature measurements.

wards, it became asymptotic to the value of 20X
10-5m?-K/W. The relation between the amount of
inside deposit and fouling resistance of those re-
moved tubes is given in Fig. 5. The regression line
is;

= (6.2X107°%) Fa

The corrosion depth of tubes which have been
serving since 1965 did not increase more than 0.6
mm even in 1983. But, a small number of replaced
tubes installed in 1974, 1975 and 1977 suffered from
the same severe sulfide atack as those in 1965. Fouling
resistances of some of these tubes are plotted in
Fig. 5. The situation is explained by the fact that
sulfide attack can be prevented by ferrous injec-
tion in case in which sea water contains sulfide
intermittently®. In addition, it is known that a pro-
tective iron-rich film is hardly formed under the
condition of sea water continuously containing sul-
fide. From these observations the cooling water of
Sakai-Port is concluded to have been intermittently
contaminated by sulfide, maybe during summer time.

3. Measurements for evaluation of in-situ
APFT coating

In 1983, the need to maximize thermal efficiency
caused Kansai Electric Power Co. to carefully evalu-
ate the application of in-situ APF coating to the
No.2 unit. The measurements for the evaluation
was carried out on the 12th and 13th of October
1983.

3.1 Measurements

Measurements were as follows:

Condenser pressure

Low pressure turbine exhaust temperature
Hotwell temperature

Air leakage rate

CW (Cooling Water) inlet temperature
CW outlet temperature (each test tube)

S
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Fig. 7 Locations of test tubes Nos. 1 to 10 in the lower bundle
of A condenser. Test tube Nos. 10 to 20 in B condenser
are located in mirrorimage to those of A condenser.
Inner sufaces of Nos. 6(16) and 10(20) tubes are complete-
ly sand-blasted as controls.

7. CW flow rate (each test tube)

In order to provide detailed information on the
heat transfer distribution in each condenser, the
overall heat transfer coefficient of each test tube
was calculated based on these test data. Measure-
ments 1~ 4 were obtained from station instrumen-
tation.

The instrumentation for the CW flow rate and
outlet temperature of each test tube is given sche-
matically in Fig. 6. The inlet and outlet temperatures
of the cooling water were measured using Pt re-
sistance thermometers of 3.2mm O.D. X 150mm length.
A Pitot tube of 4mm O.D. x350mm length gave
the mean water velocity of each condenser tube.
One thermometer and one Pitot tube were combined
to locate at a condenser tube outlet using a special
holder. The Pitot tube has a guide downstream
from the static pressure holes to align itself at the
tube center. Lead wires and couples of small bore
nylon tubes were connected to a scanner unit and
manometers, respectively, via a manhole cover with
water-tight fittings. The accuracy of the thermom-
eter is within 0.1°C at 25°C. The preliminary experi-
ment produced the following equation between the
pressure difference of the Pitot tube and the mean
water velocity:

v=0.0321(4 H)°-5%7

Eq.(3) includes the correction due to the increase
in head loss as the result of inserting the above-
mentioned sensors in the tube end.

The locations of ten test tubes for each condenser
were carefully selected in the lower bundle shown
in Fig. 1. Their locations as viewed in the inlet
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Table 1 Data at full load in the evaluation test of in-situ APF

coating.
Date 115 30 13th October 1983
Steam temp. T, 357C
Condenser vacuum . P 5.87kPa (44.0mmHg abs)
CW inlet temp. To232¢C
Con- T, v U Uat 2.2m/s
Tube No.
denser (C) | (m/s) |(W/(m?-K))|(W/(m?-K)),(%)
1 28.1 2.19 1480 1480 (47)
2 27.5 1.93 1100 1170 (37)
3 28.2 1.54 1070 1280 (40)
4 28.8 2.29 1840 1840 (58)
5 28.7 1.58 1240 1460 (46)
A 6 . Control 30.2 2.28 2540 2500 (79)
7 28.1 1.87 1260 1370 (43)
8 29.2 2.27 2020 1990 (63)
9 28.8 2.23 1800 1790 (56)
10 : Control 31.3 2.26 3210 3170(100)
Uy 1550
T. 2840
11 29.3 2.37 2150 2070 (63)
12 28.7 2.29 1800 1760 (54)
13 29.4 2.34 2180 2110 (65)
14 29.4 2.29 2130 2090 (64)
15 29.7 2.25 2240 2210 (68)
B 16 : Control 30.6 2.29 2780 2720 (83)
17 29.6 2.02 1960 2050 (63)
18 30.6 1.71 2030 2300 (71)
19 30.4 | 1.82 2120 2330 (71)
20 : Control | 31.4 | 2.31 3340 3260(100)
Ty 2120
T. 2990

water-box are given in Fig. 7. Tube numbers for A
and B condensers are 1 to 10 and 11 to 20, respec-
tively. Nos. 6, 10, 16 and 20 tubes are controls, for
which the inside deposit was completely removed
by sand-blast prior to instrumentation.

The overall heat transfer coefficient is defined
as follows:

WoC(T,— To)
__ yrfPMpNLo SV i
U=—"—%47 )
. L=
where AT—ln Ts—Ti> (5)
.— 7T,
and S=md,d e (6)
W:%dﬂv ...... (7)

The power output was automatically kept at 250
MW and two CW pumps were operated with their
discharge at design rate. In spite of a prolonged
back-wash, small shell fragments of mussel which
flowed into the tubes were entangled in some of the
sensor holders, so that the water velocity of some
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tubes gradually decreased. This situation was re-
vealed when removing sensors after the measure-
ments. On the other hand, almost all of the tubes
except some test tubes were free from the blockage
of shell fragments.

The data obtained at full load in about 4 hours
of operation after the back-wash on October 13th
are given in Table 1. At the beginning of the meas-
urements, just after the back-wash, the average
cooling water velocities in the test tubes in A and
B condensers were 2.27 and 2.31 m/s, respectively.
These values were nearly epual to the design value
of 2.2 m/s. In order to evaluate the in-situ APF
coating, overall heat transfer coefficients at 2.2 m/s
of water velocity were calculated by standard meth-
0ds!%1D from measured ones according to:

U= Cpo5

In the following description, we will use these
normalized overall heat transfer coefficients given
in Table 1. The average overall heat transfer coef-
ficients of the A and B condenser tubes, except
controls, were (U)a= 1550 and (U)z= 2120 W/(m?-K),
respectively. On the other hand, the overall heat
transfer coefficients of controls in both condensers
were almost the same within experimental error.
Therefore, we could conclude that A condenser is
more heavily fouled than B condenser. Also, the
condenser vacuum decreased by 0.93 kPa (7.0mmHg)
from the design point (see Fig. 8).

3.2 Evaluation

The variation of condenser pressure in the case
in which only A condenser was treated with in-site
APF coating was calculated under the assumptions
that the total heat load does not change regardless
of a considerable increase in the heat transfer per-
formance by APF coating and the cooling water
velocity is kept at 2.2m/s. The average overall heat
transfer coefficients, U*4, of A condenser after
APF coating is:

1 1
U—*A — m + 7APF

where from Table 1, (U:)a = 2840 W/(m?-K) (Nos.
6 and 10) and 74pr=2.6X107° m?.-K/W%. There-
fore, U*4= 2650 W/(m?2-K). On the other hand, as
B condenser is not treated, Us=(U))p remains at
2120 W/(m?-K). Then, after an APF coating of A
condenser the unit average overall heat transfer
coefficient U* becomes U*=(U*4+ Ug)/2 = 2390
W/(m?:K).

The average cooling water outlet temperature
T, is given as:

T=T+(T—T) (-exp(~par: )
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From Table 1, 7:=23.2°C, 1,=35.76"C (saturation
steam temperature), W=9.06 x 107¢ m?/s, S=1.223
m?, U=(THa+(T))p)/2= 1840 W/m?-K), £ = 1025
kg/m?3 and C,=3.935 kJ/(kg-K) make 7,=29.0C.
Therefore, the saturation steam temperature after
the APF coating T;* is:

U*S

Ts*:TiHTO—Ti)/(l—eXP(_ W/OCP>)

=33.7C

This saturation steam temperature corresponds to
a condenser vacuum p* of 5.24 kPa (39.3mmHg).

In conclusion, it was estimated that the APF coat-
ing of only A condenser would improve

Ap=p— p*=5.87-5.24
=0.63 kPa (4.7mmHg)

In the case of an APF coating of both A and B
condensers, we would expect improvement of about
0.87 kPa (6.5mmHg) of the condenser vacuum.

4. Measurements of performance of in-situ
APF coating

In March 1984, the inside deposit on 6605 tubes
in A condenser was eliminated by sand-blasting as
thoroughly as possible and the exposed surface was
coated by APF resin. Both ends (50mm along the
tube length) were not coated because these portions
are practically prevented from corrosion by the
cathodic protection. No treatment was made on
B condenser. In April 1984, No.2 unit restarted with
a significant improvement in the condenser vacuum.
In October 1984, when the temperature of the cool- 1
ing water was nearly same as that at the previous
measurement, comparative measurements were con-
ducted to confirm the effect of in-situ APF coating.
Simultaneously, some APF coated tubes were re-
moved for inspection. During these months, the con-
denser tubes had been used under the following
conditions:

Ferrous ion injection

A condenser : 0.2ppm(Fe?*) for 3 hours once
a week
0.2ppm(Fe?*) for 3 hours every
day
0.1ppm(Residual at condenser
inlet) for 8 hours every day
750 balls for 30 minutes every

B condenser
Chlorination

Sponge ball

cleaning 3 days
Back-wash Alternating flow directions
every 3 days
Cathodic —400mV vs. SCE at the tube
protection plate
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The same instrumentation as in the previous test
was employed, and the same tubes were retested.
Control tubes that were plugged were again sand-
basted in the preparation. In addition to the perfor-
mance test at full load, a test at half load was tried
using each condenser.

We can precisely estimate the thermal resistance
of the APF coating of No.9 test tube from its over-
all heat transfer coefficient and that of the neigh-
boring control tube, if the fouling resistance of the
inside deposit which covers the APF coating could
be canceled. For this purpose, the inside deposit of
No.9 test tube was measured. In addition, those of
the other test tubes and their neighboring tubes
were measured for discussion about some properties
of the fouling layer formed by the ferrous ion in-
jection.

The sequence of the performance tests was as
follows*!:

Date A condenser B condenser
September 28th SB*Z cleaning  Last SB*? cleaning
29th On operation Instrumentation
30th On operation Measurement [D*3
October 1st On operation On operation
2nd On operation On operation
3rd On operation On operation
4th  Last SB*2cleaning On operation
5th Instrumentation On operation
6th Instrumentation On operation
7th Measurement ID*3 On operation
8th Full load test
9th Full load test
10th Full load test
11th Half load test
12th  On operation On operation
13th  On operation On operation
14th Measurement ID**

The measurement of inside deposit was carried
out as follows. A nylon-brush was passed through
from one end of the condenser tube by high pres-
sure water, and the water including the removed
inside deposit was collected in a polyethylene sheet
bag. The sediment was poured into a beaker from
the bottom of the bag, and allowed to settle for 4
hours. The volume of sediment obtained with the
treatment was defined as the “wet” volume of the
inside deposit. After filtration, the inside deposit
was dried in an oven at 75°C for 24 hours, then its

*1 : Ferrous ion injection was continued during the test.

: Sponge ball
*3 . Inside deposit on tudes neighboring test tubes.

: Inside deposit on test tubes.

*2

*4
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Table 2 Data at full load in the performance test of in-situ APF
coating on A condenser tubes.

Table 3 Comparative data of A and B condensers with and
without in-situ APF coating at half load.

Date 115 : 40 8th October 1984
Steam temp. Ty 337C
Condenser vacuum : P 5.13 kPa (38.5mmHg abs)
CW inlet temp. T 228C
Con- 7, v U U at 2.2m/s
Tube No.
denser (€) | (m/s) |(W/(m?-K)|(W/(m?-K)),(%)
1 29.4 | 2.31 2920 2850 (84)
2 29.0 2.36 2690 2600 (76)
3 28.9 2.34 2600 2520 (74)
4 29.3 2.39 2950 2830 (83)
5 29.3 2.35 2890 2800 (82)
A 6 . Control 29.1 2.43 2840 2700 (79)
7 28.4 2.38 2330 2240 (66)
8 29.8 2.36 3280 3170 (93)
9 29.5 2.32 3000 2920 (86)
10 : Control 30.1 2.35 3520 3410(100)
U 2740
T. 3060
11 28.1 2.35 2120 2050 (56)
12 27.9 2.43 2080 1980 (54)
13 28.1 2.26 2040 2010 (55)
14 28.3 2.32 2210 2150 (59)
15 28.9 2.11 2350 2400 (66)
B 16 : Control 29.4 2.30 2900 2840 (78)
17 28.2 2.20 2040 2040 (56)
18 29.5 1.96 2540 2690 (74)
19 28.0 2.18 1910 1920 (53)
20 : Control | 30.3 | 2.43 3840 3650(100)
Uy 2190%!
T. 3250

*1

No.19 is not included because of an exceptionally great amount

of inside deposit.
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Fig. 8 Improvement in condenser vacuum by in-situ APF
coating of A condenser tubes.
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Date © 11 : 20 11th October 1984
Steam temp. T, 334TC
Condenser vacuum : p  5.23 kPa (39.2mmHg abs)
CW inlet temp. T 225TC
Con- Tube No. 7, v U U at 2.2m/s
denser (C) | @m/s) |(W/(m2-K)N|(W/(m?-K)),(%)
1 29.3 | 2.39 3170 3040 (80)
2 28.2 2.44 2450 2330 (61)
3 28.6 2.45 2730 2590 (68)
4 29.1 2.42 3060 2920 (76)
5 28.6 2.38 2640 2540 (66)
A 6 . Control 29.1 2.47 3120 2940 (77)
7 28.3 2.42 2490 2370 (62)
8 29.6 2.45 3500 3320 (87)
9 29.5 2.35 3280 3170 (83)
10 : Control 30.2 2.40 3990 3820(100)
Tr 2790
T. 3380
Date :15: 30 11th October 1984
Steam temp. T, 356C
Condenser vacuum : p  5.81 kPa (43.6mmHg abs)
CW inlet temp. T 228C
11 29.8 2.27 2200 2170 (61)
12 28.9 2.32 1850 1800 (51)
13 29.5 2.32 2120 2060 (58)
14 29.6 2.31 2150 2100 (59)
15 29.9 2.23 2200 2190 (62)
B 16 : Control 30.9 2.09 2530 2600 (73)
17 29.4 2.21 1970 1970 (55)
18 31.1 2.10 2650 2710 (76)
19 29.5 2.24 2040 2020 (57)
20 : Control 32.4 2.15 3520 3560(100)
Ty 2140*!
. 3080

*1 No.19 is not included because of an exceptionally great amount

of inside deposit.

mass was measured and recorded as the “dry” mass
of the inside deposit.

Tables 2 and 3 list the results at full and half loads.
Differing from the previous evaluation test in 1983,
the cooling water velocity was particularly steady.

4.1 Improvement in Condenser Vacuum

Condenser pressures are plotted as a function of
cooling water inlet temperature in Fig. 8. The im-
provement in the condenser vacuum has been cor-
rected only for cooling water inlet temperature
deviations from the previous evaluation test accord-
ing to the design curve. The correction for cooling
water velocity difference was neglected because
the difference in cooling water velocity between
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the present and previous tests at full load was within
approximately 0.1 m/s.

The in-situ APF coating of only A condenser
has shown the improvement in the condenser vacuum
of 0.49 to 0.64 kPa(3.7 to 4.8mmHg) as previously
estimated. In the comparative performance test at
half load, the condenser vacuum of A condenser
was superior by about 0.53 kPa(4.0mmHg) compared
to that of B condenser.

4.2 TImprovement of overall heat transfer
coefficient

Table 4 shows the effect of APF coating of the
A condenser tubes on the overall heat transfer co-
efficient. The average overall heat transfer coeffi-
cient measured in the present performance test was
2740 W/(m2-K), in good coincidence with the calculat-
ed value of 2650 W/(m?-K). Overall heat transfer
coefficients of control tubes in A and B condensers
were 8 to 99 greater than those at the previous
evaluation test. We think this is not a significant
increase but is within experimental error.

4.3 Inside deposit

The color of the soft inside deposit removed by
nylon-brush cleaning varied from light to dark brown.
The inside deposit was mainly particulate, and scarce
filamentous bacteria such as sheathed iron ones
were observed in a microscope. Amounts of the
inside deposit are given in Table 5.

The fouling resistance of the iron-rich and soft
inside deposit formed by ferrous ion injection is
expressed as follows®:

r=(1.5+2.3 F}x 1075

The thermal resistance of the APF coating of No.9
test tube is roughly computed from Tables 2 and 5
using Eq. (13:

1/2920—1/3410—(1.5+2.3x0.09) x 10>
=3.2Xx10"°m?-K/W

This is nearly equal to the design value of 2.6X
10-5 m?-K/W.

Compared to the other tudes, No.19 test tube and
tubes neighboring Nos.9 and 19 have an exception-
ally great amount of inside deposit. An additional
measurement of inside deposit was carried out to
clarify the situation. The tubes located in the lower
left corner of the tube bundle in Fig. 7 tended to
have more inside deposit than those in the other
portion. Therefore, it was concluded that sponge
balls were not uniformly distributed due to some
irregular flow pattern of the cooling water in the
water box.
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Table 4 Comparison of overall heat transfer coefficient*!
(W/(m?-K)).
Condenser A B
In-situ APF coating No Yes No No
Date of ment October | October | October | October
ate of measurement | 1gg3 1984 1983 1984
Test tube (average)
1550 2740 2120 2190*2
(W/(m2-K))
Control {average)
2840 3060 2990 3250
(W/(m?-K))
*1 - At full load

*2 No.19 is not included because of an exceptionally grcat amount
of inside deposit.

Table 5 Inside deposit removed by nylon-brush cleaning.

Condenser A B
Date October October September | October
7th 14th 30th 14th
Tube Neighbor | Test tube | Neighbor | Test tube
Nos. 9, 19& (No.9) (No.19)
Neighbors
F. 1.49 0.09 1.58 0.52
F, 0.0109 0.0008 0.0196 0.0103
Average*!
. 0.24 0.09 0.17 0.23
F, 0.0019 0.0007 0.0018 0.0036
Range*!
Min. Fn 0.02 0.02 0.08 0.12
F, 0.0001 nil 0.0005 0.0022
Max. F. 0.72 0.25 0.30 0.37
F, 0.0055 0.0024 0.0032 0.0048

*1 Nos.9 and 19, and their neighboring tubes are not included.
F,. : dry (mg/cm?), F, . wet (cm?®/cm?)

The average values of inside deposit on test tubes
except Nos.9 and 19 after the performance test
were 0.09 mg/cm? for A condenser and 0.23 mg/cm?
for B condenser. But, those on tubes neighboring test
tubes before the performance test were about 0.2
mg/cm? for both A and B condensers; the inside
deposit of B condenser tubes showed a steady in-
crease of 0.06 mg/cm? for 13 days, however that of
A condenser tubes scattered.

The relation between wet volume and dry mass
for the inside deposits removed by the nylon-brush
cleaning is shown in Fig. 9. In spite of the rough
measurement, a good correlation was obtained:

F.>=100F,
Substituting in Eq. (13),
r=(1.5+230 F,)x1075
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Fig. 9 Relation between dry mass and wet volume of inside
deposit removed by nylon-brush cleaning in the per-
formance tests in 1984.

For the microbiofouling due to filamentous bacte-
ria, the following equations are reported!?.

r=(1.7+470 F,) <107
Fn=50F,

Eqgs.(14) to (17 suggest that the inside deposit of the
present tests is more compact in density and more
thermally conductive than the filamentous fouling
layer.

Chemical compositions of the inside deposits re-
moved by the nylon-brush cleaning are given in
Table 6. A significant difference in iron content was
detected between the inside deposit of A condenser
and that of B condenser.

4.4 APF coating film

The removed APF coated tubes showed a sound
surface except some tiny blisters at both ends (150
to 200mm along the tube length), and no indication
of corrosion. We would expect the same long life
of this APF coating film in many other cases. The
thickness of APF resin varied between 16 and 28
«m, within the specified range. In addition to its
previously noted thermal resistance, the measured
thickness of the APF coating film suggested that
the APF coating technique has been well established.

5. Conclusions

(1) A coating technique to make an artificial
protective film (APF) was successfully used on se-
riously fouled aluminum-brass condenser tubes of
the Sakai-Port Power Station No.2 unit in 1984.
APF coating was developed for the purpose of up-
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Table 6 Chemical compositions of inside deposits (mass %).

Condenser] Fe Cu Mn Si0  [Total C| Water | LOI*!
A 7.9 0.2 6.15 6.8 13.5 3.3 43.3
B 22.7 0.93 4.0 6.8 10.6 5.9 37.4

*1 Loss on ignition

grade in reliability of copper alloy condenser tubes
against corrosion and fouling by sea water in the
mid-1970s. But this was the first field experience
with the treatment of existing tubes (in-situ APF
coating). Also, a series of measurements for evalua-
tion and confirmation of its effect on the condenser
vacuum and heat transfer performance was com-
prehensively carried out.

(2) The condenser of No.2 unit has two water
boxes called “A” and “B” condensers. Based on the
evaluation measurement, in-situ APF coating was
applied to A condenser. No treatment was made
on B condenser. The confirmation measurement
proved that the condenser vacuum was improved
by about 0.53 kPa(4.0mmHg) as previously estimated.
In the case of APF coating of both A and B con-
densers, we would expect improvement in vacuum
of about 0.87 kPa(6.5mmHg), resulting in reaching
the design point.

(3) The in-situ APF coated tubes removed after
6 months of operation showed a sound coated film
except for some tiny blisters at both ends, and no
indication of corrosion. The thermal resistance of
the APF coating film was nearly equal to the de-
sign value of 2.6 x107° m?-K/W, and its thickness
was within the specified value of 15 to 30 xm.

(4) These facts suggest that the APF coating
technique has been well established and in-situ APF
application is concluded to be a good countermeasure
against corrosion and fouling.
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Production capacity of sheet and plate of Nagoya Works of Sumitomo Light Metal is 16,000 ton
per month. Majority of products is thin gauge strip. Main end uses are can end and body stock,
cap and closure stock, fin stock, litho sheet, nameplate, brazing sheet (clad), architectural panel,
computer disk blank, etc. To meet the user’s requirements, sophisticated quality control systems

are applied in all manufacturing processes.

Selection of optimum composition of metals and alloys is made with occaisional anomalies to
the standard specifications. In-line degassing and filtering system for molten metal, control system
for the metallurgical structure and the sheet crown control in hot rolling, automatic gauge control
system in cold rolling, in-line quality assurance system in finishing line and the activation of man-
power for quality are the highlight of our quality control.

Metal has consistently made a lot of moderniza-
tion of the plants as well as of process develop-
ments. Recently, however, several demands toward
further improvements and/or development of qual-
ities, being accompanied with further gauge down
of strip as shown in Fig. 1, are presented from our
customers as following;

1. Introduction

Shipments of aluminium flat rolled products in
Japan in 1985 was 798,600ton, a record in the his-
tory. Nagoya Works of Sumitomo Light Metal is
the largest in the production of aluminium flat roll-
ed products in the country and its market share

is about 25% . Major end uses are as following;

(1) Can coil stock for can bodies and easy open 045 . Body stock
tops {(ends), E oal

(2) Cap and closure coil stock for bottle caps, @

(3) Fin coil stock for air conditioners and refrig- % 0 350 .
eration units, = . * ..

(4) Litho sheet for chemically and mechanically 0 30l o, |
grained plates,

(5) Bright sheet for nameplates or decorative 0.01L . cl e e e
panels, 1965 1970 1975 1980 1985 19;;62r

(6) Brazing sheet (clad) for heat exchangers, ——

(7) Painted or anodized sheet for architectural o5l e
panels, = .

(8) Disk blank for computer memory disks. \i« ® Y o

To meet the demands from varieties of customers £ 030}

for rolled aluminium products, Sumitomo Light £ ¢ °.,

* This Qape.r was presented to thf: BNF §th .Intemational Conference 0 251 e CaLﬂ topeilé:weter (;nm) . ) It
“Quality in the Metals Industries”, Birmingham, September 2nd '| ] ‘ '] U

* %

* ok

and 3rd, 1986.
Head Office
Technical Research Laboratories, Dr. of Eng.

x++x+x Nagoya Works, Quality Assurance Department
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1965

1975

1980

1985

1990
year

Fig. 1 Trends for gauge down of can coil stocks for
can bodies and easy open tops (ends).
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(1) Reducing the level of gauge tolerance in +5
#m and eliminating non-metallic inclusions in
can body and can end coil stock to achieve the
gauge down of cans.

(2) Modifying the surface of can body coil stock
to prevent bleed through defect appeared on
sidewall of DI can, particularly, of white or light
base colour coat.

(3) Improving the non-earing property and devel-
oping the advanced surface treatment to cut the
processes of trimming and of size coating respec-
tively for closure coil stock.

(4) Minimizing the gauge tolerance to achieve
further gauge down (0.10mm or less) of ironing
fin and developing the novel surface treatment
process to enhance heat transfer without post
treatment for fin coil stock.

(5) Improving the uniformity in the micro-struc-
ture to guarantee low noise level for blanks of
computer memory disks.

This paper deals with the outline of the produc-
tion and the quality control of flat rolled products
of Nagoya Works of Sumitomo Light Metal Ind.,
Ltd.

2. Metals and alloys

Aluminium and aluminium alloys of standard
compositions are generally used for the sheet and
the plate in major commercial applications. However,
some modifications and/or minor anomalies are
occaisionally made for the specifications of alloy
composition in order to meet with the specific re-
quirements of customers.

2.1 Can body stock

3004 alloy in the H19 temper (super hard) is avail-
able for can body. Close control is required in ingot
homogenizing, hot rolling, intermediate annealing
and cold rolling to obtain the optimum combination
of strength and ironing characteristics.

The tensile strength of sheets decreases during
baking. The sheets processed by intermediate an-
nealing in continuous annealing line, CAL—IA proc-
ess, have higher tensile strength by about 1kgf/mm?
than those by the intermediate annealing in batch
furnace, BATCH —IA process, after baking as shown
in Table 1.

2.2 Can end stock

5182 —H18 for can ends and 5082 — H18 for their
tabs are used for beer cans or carbonated drink
ones with internal gas pressure, while 5052 —H18
is used for fruit juice cans without gas pressure.

In manufacturing the can end stock of less anis-
otropy, high strength and sufficient formability, the
particular attention is paid to select the best com-
bination of the conditions for hot rolling, interme-
diate annealing and cold rolling. The typical me-
chanical properties of alloys employed in can end
stock are shown in Table 2.

2.3 Cap and closure stock for hottle caps

Al—Fe—Si alloy, 8011 (Sumitomo FS 08), which
is non-earing sheet with 2% or less earing, is used
for pilfer proof caps for whisky or drinks without
gas pressure. This alloy has good tearing-off prop-
erty and deep drawing formability. For drinks with
gas pressure, non earing sheet of Al—Mn alloys,
3003, 3105 are available. The typical mechanical

Table 1 Typical mechanical properties of can body stock, 3004 —H19.

Process Thickness Yield strength Tensile strength Elongation Earing LDR
(mm) (kkgf/mm?) (kgf/mm?) (%) (%)
0.4 29.0 29.5 2 2.5—45° 1.90
—IA

BATCH (25.5) (28.5) (6)

0.45 29.5 30.0 2 2.5—45° 1.88
AL—
¢ 1A (26.5) (29.5) 6)

() : after baking at 205°C for 10min

Table 2 Typical mechanical properties of can coil stock for easy open ends (after baking at 205°C for 10min).

Allo Thickness Yield strength Tensile strength Elongation Earing LDR

Y (mm) (kgf/mm?) (kgf/mm?) (%) (%)
5052 —H18 0.3 26 29 8 2—45° 2.10
5082 H18 0.35 30 37 9 3—45° 2.05
5182-—-H18 0.35 32 38 9 4—45° 2.05
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Table 3 Typical mechanical properties of cap and closure coil stock.

Alloy Thickness Yield strength Tensile strength Elongation Earing LDR
(mm) (kgf/mm?) (kgf/mm?) (%) (%)

8011—H14 0.25 12 13 12 <2 2.10

3003—H14 0.25 13 15 12 2—3—-45° 2.10

3105—H14 0.25 16 19 9 <2 2.00

properties are shown in Table 3.

2.4 Fin coil stock for air conditioners and
refrigeration units

1050 —H22 and 1100— H22 with 0.12—0.13mm in
gauge have been used for fins fabricated by stretch
forming (bulging by punch) process. Recently 0.10
—0.11mm thick coil stock is increasingly used since
ironing process has been developed for the fabrica-
tion of fins using thinner gauge strip. For the latter
fin, commercially pure aluminium or aluminium
alloys containing trace element, Ti, Zr or Mn etc,
in H26 condition are available.

2.5 Litho sheet for chemically and mechani-
cally grained plates

1050 —H18 (0.24mm thick) is mainly used. Surface
of the plates should be clean, uniform and free from
any surface defects such as structural streaks, pen-
cil line and so on. In the production of ingots, using
ceramic filter, particular attention is paid to avoid
even minor inclusions.

2.6 Bright sheet for nameplates or decorative
panels

1080, 1050, 1100, 3002, 5252 and 5657 are commonly
available for bright finishing sheets. High purity
Al—Mn (3002) or Al—Mg (5252, 5657) alloys are
used to obtain glossy surface even after anodizing.
In manufacturing these alloys, it is important to
eliminate fine inclusions from ingots. Intensified
shower quenching during hot rolling is often desirable
to make finished surface excellently glossy.

2.7 Brazing sheet (clad) for heat exchangers

W31C for vacuum brazing fins has been developed
by ourselvesV. This alloy sheet consists of Al—Mn
—Sn alloy as fin core and 4005 (Al—9.8% Si—0.6
% Mg) as both side clad. Al—Zn alloy, 7072, has
‘conventionally been employed as fin core material
to play the roll as the sacrificial anode to protect
the tubes from corrosion. However, this alloy was
not suitable for vacuum brazing fin because zinc
in the alloy tended to vaporize during brazing.
W31C, which contains Sn in the fin core material
instead of Zn, has been developed and extensively
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used as a vacuum brazing fin which is anodic to
tube material.

These brazing sheets are manufactured in H14
temper with 0.13—0.16mm thick in gauge. The grain
size of the sheets is controlled into more than 100
#m in diameter to prevent the excessive diffusion
of silicon from clad into core during brazing.

2.8 Painted or anodized sheet for architec-
tural panels

Commercially pure aluminiums, 1050, 1100, and
Al—Mg alloy, 5005, are widely used because of
their good finishing after anodizing and color match-
ing with 6063 extruded shapes. The structural streaks
which appear on the surface after anodizing are
one of the defects often experienced and are pre-
vented by controlling the casting process since these
defects corresponds to the heterogenity of the met-
allurgical structure of ingots, such as fir-tree struc-
ture or suspended crystal.

2.9 Disk blank for computer memory disks

5086, possessing both the strength and the mach-
inability, is employed for disk blank. In casting
this alloy, the filtering system of molten metal is
indispensable to eleminate fine inclusions which
result in the defects of memory disk.

Recently, Al—Mg alloys produced by melting
high or super purity aluminium (99.9—99.99% ) are
developed as the material for high density memory
disks since the size and spacing of intermetallic
compounds is known to influence the density of
memory. The size of these compounds is controlled
into 5um or less in diameter to quarantee the high
density of memory.

3. Melting and casting

Ingots for rolling (slabs) are manufactured by
the melting in the reverberating furnaces and the
semi-continuous casting. To meet the demand for
close control of gauge’in cold rolling (4+5~m), chem-
ical composition of metal should be controlled in
the limitted range because the variation of chemical
composition significantly affect the output of X-
ray thickness gauge. X-ray absorption index value
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(Al value) of metal is calculated for each lot based
on the chemical composition of metal by process
computer and fed to the gauge control system of
cold rolling mill for necessary compensation.

In the practice of melting and casting, the con-
trol of hydrogen gas content and the eliminating
non-metallic inclusions in the metal have long been
the matters of the greatest concerns of casting en-
gineers and this is true even today. In Sumitomo,
the development of in-line degassing and filtering
system as shown in Fig. 2 has been made?. In the
system, degassing is made by rotary fluxing proc-
ess using the mixed gas of argon and chlorine.

Normal level of hydrogen content in the metal
is in the range of 0.15—0.20m1/100gr. Direct read-
ing gas analyser developed by our laboratories has
been applied successfully in our in-line degassing
and filtering system®. This gas analyser is designed
based upon thermo-physical principle analogous to
Telegas and manufactured using micro-processors.
The analysers have been sold outside the company
and being used extensively.

To eliminate or reduce non-metallic inclusions
in the molten metal, the porous ceramic tube fil-
ters as shown in Fig. 3 have been used in in-line
degassing and filtering system. Four different grade
(porosity) of tube filters as shown in Fig. 4, B(rough)
~E(very fine), is available. Selection of grade of
filter to be applied is made depending on the qual-
ity requirements. Grade C filters -median porosity-
are commonly used but Grade D filters -finer po-
rosity- are selected for computer disk material to
eliminate non-metallic inclusions. It has been ex-
perienced that, even if the molten metal is filtered,
metal is occasionally contaminated by small frag-
ments of refractory mateials which are liberated
from the structural material located in the down
stream of filter. In this sense, selection of suitable

! Rotator
. ﬂ v n
NN

Burner

E o~ 59 ]
jum] H
4 p
. W S AN
Molten——e - N =
metal, ! | | Molten
inlet a Tube filter 7 % metal.
~ N outlet
0 - = =
7] 3
J

Fig. 2 Degassing and filtering system for molten
metal.
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refractory materials for lining onto the trough is
also essential to keep metal clean, inclusion free.

In order to produce the anodizing quality sheets
the ingots must be fine and uniform in macro-and
micro-structures. In practice of casting, cooling rate
of molten metal near the ingot surface should be
kept as uniform as possible. Hot top casting is often
applied attaching the ceramic fiber sheets inside
the casting mould® as shown in Fig. 5.

Fig. 3 Ceramic tube filter.
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Fig. 4 Porosity distridution of ceramic tube filter for
molten metal.

Ceramic fiber sheet I

Fig. 5 Schematic illustration of “fiber sheet hot top
casting process”?.
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4. Hot rolling

Hot rolling line includes a scalping unit for ingot,
the heating and soaking pit furnaces, a 130” revers-
ing break-down mill and 3-tandem 90” finishing mill.
Outline of these units are shown in Table 4. This
hot rolling line was installed in 1966 and, since then,
the modernization and the rationalization of the
line have been made from time to time®.

Table 4 The main specifications of the hot rolling line.

Break down mill Finishing mill

Type Reversing mill 3 stand tandem mill

Rolls $950mm/ $1,410mm X 3,300mm | ¢733mm/ $1,380mm X 2,286mm

Main motor | DC 2,250kWx 2 DC 2,600kW (each stand)

Roll speed | Max. 180m/min Max. 288m/min

Scalping of ingot is made not only on both flat
surfaces but also on both edge surfaces. Scalping
depth is one of the matters of the greatest concerns
in the light of productivity vs. quality. It has been
confirmed that edge scalping of ingot can provide
appreciable reduction of edge trimming width of
hot rolled sheet. In addition, edge scalping is very
useful to prevent the contamination of hot rolling
unit with crashed particles of oxide-metal mixtures.
As a result, edge scalping is useful to eliminate
the defects on metal surface such as rolled-in oxide
/metal and sliver. Versatility of edge scalping is
particularly significant for aluminium-magnesium
alloys such as 5082 and 5052 because these ailoys
tend to cause severe edge cracks and, consequently,
contaminate the hot line with fine fragments if edge
scalping of ingot were not made.

After construction of hot rolling line, the mod-
ernizations and the rationalization of line have been
made from wide varieties of aspects. The highlight
was the development of process computer control
system for hot rolling line®®. The system consists
of a mini-computer, TOSBAC—7/70, as host com-
puter and five PC—100, as process controller, which
covers all hot line processes. As a result, many
operational variables are automatically controlled
and the break-down mill and the finishing mill are
operated by each one operator.

In setting the operational conditions, several en-
gineering key points which affect the basic quality
of rolled products have carefully been examined
and settled in the system. In break-down mill, sheet
metal temperature of last pass is controlled to the
optimum of each material by automated shower-

spray devices. Thickness control of sheet is made
by computerized presetting using mathematical model.

In finishing mill, in order to keep the sheet metal
temperature in the optimum range, rolling speed
is controlled by feedback automatic control. Temper-
ature deviation of sheets were +5C. Thickness
control in finishing mill is made by the preset of
roll gaps and the automatic gauge control (AGC),
where roll gaps for three roll stands are computed
and controlled by X-ray thickness data at the exit
of final rollstand refering with data from break-
down mill on the metal temperature and the thick-
ness.

X-ray thickness gauge showed that thickness devia-
tion of sheets in finishing mill is +0.02 and +0.05
mm in stationary and non-stationary (both ends)
portions respectively.

In finishing mill, strip crown control system has
been developed. In the system, the strip crown (S¢)
is calculated from a simplified linear model, and
the thermal crown, (CwrY), is estimated based on
strip crown ratio, (Scr8), measured by the profile
meter. Then, the reduction schedule and the setting
value of crown control equipments are determined.

Sc=0aprP—0sP—QcCwr—caCrur
+0eSce+Qo

CWRE{:‘alE(aPPé\ — P8 —crCruk +QeSce
+Qo—h8Scr8) —Cwrl

where, Sc: strip crown, @p~Qo: polynomials of
strip thickness, width and work roll diameter, P:
roll force, Pg: roll bending force, Cwr: work roll
crown, Cgur: back up roll crown, Sc.: entry strip
crown, h: thickness, Scr: strip crown ratio, suffix
A: measured, suffix I: initial roll crown, suffix 3:
3rd rollstand of tandem mill.

As the controllable equipments for strip crown,
the roll bending unit, the roll cooling unit and the
hydraulic variable crown roll (VC Roll) unit?” are
available. Roll bending unit with the feedback con-
trol system is applied for all three stands and VC
rolls with preset control system are applied for
backup rolls.

5. Cold rolling

Cold rolling in Nagoya Works of Sumitomo Light
Metal is made by three units of single-stand 4-high
rolling mills and one unit of 2-tandem 4-high rolling
mill.

Among these rolling mills, 2-tandem 4-high roll-
ing mill (64” width) is the one of the prime impor-
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Fig. 6 Schematic diagram of the two-stand cold tandem mill.

Table 5 Main specifications of the 2-tandem 4-high cold rolling

mill.
Type 4 high 2 stand tandem mill
Work roll $485mm X 1,620mm
Back-up roll #1,230mm X 1,620mm
#1 2—1,680kW
Main motor
#2 3—1,370kW
#1 Max. 1,080m/min
Roll speed
#2 Max. 1,530m/min

Fig. 7 Eddy current sensor probes located in the inter-
stand of 2-tandem rolling mill to monitor the

tance. Main specifications and schematic diagram width-wise steepness of strip.
of this unit are shown in Table 5 and Fig. 6.

Recently, to meet the stringent requirement for Automatic flatness control (AFC) system is also
tolerance of strip thickness (+5/~m), the renovation applied in 2-tandem mill. AFC system has two shape
of automatic gauge control system of 2-tandem mill sensors. One is ASEA’s Stresso meter installed at
has been made®. In cold rolling of aluminium strip, the outlet of No.2 stand and used to control the
the thickness subjects not only to the roll gap but coolant of rolls and the roll bending unit. Another
also to the interstand tension. This means that, in is the eddy current type shapemeter!® which was
the automatic gauge control system, the thickness developed by ourselves and installed at the inter-
and the interstand tension have the mutual inter- stand position to monitor the distortion of sheet.
action. Eddy current type shapemeter has sixteen distance

In renovating AGC system of 2-tandem cold roll- sensor probes across the width and effective to
ing mill, the multi-variable control theory has been monitor the width-wise steepness in interstand po-
applied. The system has been designed and composed sition as shown in Fig. 7.
to deal with the mutual interaction of the thickness - In the marketplace of aluminium strip, the strict
and the interstand tension with particular attention control of surface quality -cleanliness- are required.
to compensate the disturbances in the mill environ- To meet the customer’s request, the modification
ment?. In the system, necessary informations are of filtering equipments for coolant oil has been made.
collected from the sensing devices and put into the This modification is believed to have been useful
processor to compute the reasonable commands to prevent the varieties of complaints of our cus-
based on the linear model of the mill. tomers.
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6. Finishing and quality assurances

In the finishing facilities there are two modernized
combined finishing lines, two continuous coil an-
nealing furnaces and one coil coating line as newest
addition along with conventional equipments such
as tension levelers, degreasing line, slitters, flying
shears and batch-type annealing furnaces.

To enhance the reliability of our product in mar-
ketplace, our recent concerns are focussed upon
the in-line application of varieties of sensing devices
in our finishing line for quality assurance. Several
examples are shown as following;

(1) sheet surface defect detectors using laser beam
or conventional beam installed in shear line,

X-ray and £-ray thickness gauges installed in
finishing line,

lamination defect detector using ultra-sonic
technique,

total chromium gauge for chemical conversion
sheet using fluorecent X-ray installed in combina-
tion line,

sheet bow gauge using load cell,

sheet width gauge using CCD image sensor,

coil length gauges using synchronized motor,

moisture gauge for lacquer installed in coil
coated line,

(2)
(3)

(4)

(5)
(6)
(7)
(8)

7. Conclusive remarks

Majority of flat rolled products of aluminium in
Nagoya Works of Sumitomo Light Metal Ind., Ltd.
is thin gauge strip. Two important trends are no-
ticed on aluminium strip. One trend is that the -users
of aluminium strip, such as can manufacturers or
heat exchanger manufacturers, have consistently
been trying to use thinner gauge of strip and to
increase the production speed by automated pro-
duction line in order to cut the unit cost of their
products. Another trend is that the aluminium strip
manufacturers have been trying to increase the ingot
size and to roll as fast as possidle in order to save
manufacturing cost.

On the other hand, the strip has to meet the va-
rieties of quality requirements characteristic to each
end use which include the formability, stiffness,
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ductility, crystalline isotropy, dimensional conformity
and the surface. In the mass production of strip,
the quality must be the best compromise among
the varieties of factors above mentioned and, most
importantly, be completely free from harmful defects.

In this context, the stringent and efficient in-line
quality control system is essential for the produc-
tion of aluminium strip of required quality. For
example, in comparison with the past, “smaller de-
fects in larger mass” should be checked out more
rapidly nowaday.

Activation of man-power is a matter of signifi-
cance for excellent quality control. In Nagoya Works
of Sumitomo Light Metal, working people involved
in the production line are motivated to organize
small group, so-called “Quality Circle”, to serve for
the modification or the improvement of quality level.
Number of group members is generally five to ten
and the group is self-controlled in nature.

Quality of aluminium sheet is; like many other
sophisticated products, the complex mixture of wide
varieties of factors belonging to not only the technol-
ogy but also the personal management. For good
quality control, the total systems related to the
quality should be activated as TQC.
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Wirsbo-PEX® Pipes for Domestic Hot Water

Supply Installations

Yoshifumi Hasegawa

Plastic pipes are now getting more and more popular for domestic hot water supply installa-

tions in Japan.

Sumitomo Light Metal Industries, Ltd. is importing Wirsbo-PEX® pipes from Wirsbo Bruck

AB in Sweden and selling them in Japanese market.
the following items are described in this report;

In answer to our customers’ questions,

1 Wirsbo-PEX® pipes are manufactured by Engel process.
2 The service life of Wirsbo-PEX® pipes is expected to be 50 years at a continuous tempe-

rature of up to 80°C.

3  Wirsbo-PEX® pipes conform JIS K 6762 (6.6) and Notification No. 20 (1982) of the Ministory

of Public Welfare.
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