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Effect of Sponge Ball Cleaning on the Corrosion of Condenser Tﬁbes
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Rep. 1 Corrosion by Clean Sea Water
by Shiro Sato, Koji Nagata, and Akio Ogiso

Sponge ball cleaning unit for condenser tubes developed by Ludwing Taprogge is widely
used in many Japanese power plant for its high performance of removing the deposit in
the tubes.

Recently, the possibility of attack on condenser tubes by circulating rubber sponge balls
was suggested from careful observations and discussions on the corrosion troubles of con-
denser tubes. For example, the condenser tubes of Sakai-ko Power Station of Kansai Electric
Co. suffered from the widespread corrosion and it seems likely that this corrosion was due
to the damaging action of sponge ball to the protective film of condenser tubes.

In order to make clear the effect of sponge ball cleaning on the corrosion of condenser
tubes, the experiments were made during Feb. to Aug. 1969 at Chita Marine Laboratory in
Chita Power Station of Chubu Electric Co. and during Sep. 1969~Mar. 1970 at Sakai-ko
Power Station of Kansai Electric Company.

The results are indicated as follows;

(1) Sponge ball cleaning plays the important role on the development of impingement
attack which is analogous to that observed on the condenser tubes with continuous
operation of sponge ball cleaning unit.

(2) Impingement attack by sponge ball cleaning can be prevented by injection of a minor
amount of ferrous ion into sea water, if the interval of cleaning is not long enough to
allow the perfect removal of protective film.

(8) AP3 Bronze is more resistant than Albrac (modified aluminum brass) and AP2 Bronze
against the attack by sponge ball cleaning.

(4) From the view point of the most effective maintenance for condenser tubes, it is
recommended that a minor amount of ferrous ion should be injected to build up the
protective film on the tube surface for corrosion prevention and, at the same time, the
time for sponge ball cleaning should be kept as short as possible provided the heat
transfer rate is sufficient.
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Fig. 1 Schematic diagram of Taprogge’s sponge ball
cleaning system.
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Photo. 1 Example of a condenser tube attacked by
abrasive ball.

(a) Attacked tube of aluminum brass.
(b) Circumferential cross section.
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Photo. 2 Example of condenser tube attacked under
continuous operation of sponge ball cleaning
unit. (above:scale unremoved, below : scale
removed)
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Table 1 Condition for preliminary corrosion test.

Mark Factors Condition
Ay None
A Sponge ball cleaning
A, (1ball/1h) x (8h/day)
By None
B Injection of FeSOy4
B Injection of
2 0.03ppm Fet*
c AP2 Bronze *
-2 (new)
AP2 Bronze
Ci-z (used, scale &
R unremove
C Specimens ABT Bronse
Ci-s (used, scale
removed)
Albrac *
Ce (new)

* AP2 Bronze: Cu-8%S3n-1%A1-0.1%Si
Albrac: Cu-209%Zn-29%A1-0.39,5i-0.05% As
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Photo. 3 Sponge ball used at Model Condenser.
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Table 2 Water analysis in 1969 at Chita marine laboratory.

: Jan. 18| Feb. 13{Mar. 14| Apr. 4 {Apr. 18 May. 9{May. 23 Jun. 6 | Jun. 20| Jul, 4 | Jul. 11| Jul. 18 | Jul. 25 Aug. 1 |Aug. 14| Sep, §
Sampling date 69 | 69 69 69 60 69 59 69 60 69 | 69 69 69 s I
Temperature (°C) 9.5 | 10.7 | 10.6 | 11.0 | 14.0 | 18.3 | 20.0 | 20.0 | 22.2 | 22.7 | 20.5 | 24.6 | 25.0 | 23.0 | 25.6 | 26.6
pH 8.0 8.0 8.0 8.0 8.0 8.4 | 8.2 8.0 7.9 8.0 7.2 8.5 8.1 7.9 8.3 8.2
%%fé;%iivits,(,m/cm) 48,350 | 48,470 | 48,620 | 44,810 | 89,790 | 43,640 | 45,450 | 45,330 | 44,950 | 26,580 | 4,990 | 12,060 | 29,560 | 42,700 | 36,580 | 39,960
Oxygen
domand (ppm) | 3.9 3.1 3.4 3.3 1.5 6.7 6.9 4.6 5.8 3.7 2.7 5.5 5.9 3.7 7.0 6.1
Df;;};‘;id (ppm) | 7.72 | 6.21 | 6.84 | 7.59 | 8.58 | 10.30 | 9.94 | 4.92 | 5.23 | 6.51 | 7.24 | 9.70 | 7.79 | 3.2 — | .07
Chlorine ion (ppm) | 17,960 | 18,130 | 17.950 | 16,830 | 14,290 | 16,650 | 16,730 | 16.660 | 16,040 | 8,790 | 1,430 | 3,830 | 10,040 | 15,240 | 14,700 | 14,260
Ammonium ooy | g2 | Tr | Tr | 01| Tr | Tr | Tr | 01| Tr | 01| 01| Tr | 01| 01| Tr | Tr
Nitrous ion  (ppm) 0.1 0.1 Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
Sulfur ion (ppm) Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
Manga“eﬁgn (ppm) | 0.02 | 0.03 | 0.01 | 0.01 | 0.01 Tr | 0.03 | 0.056 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.02 | 0.03 | 0.02
Iron ion (ppi) | 0.03 | 0.04 | 0.09 | 0.09 | 0.20 | 0.07 | 0.08 | 0.10 | 0.11 | 0.22 | 0.44 | 0.17 | 0.14 | 0.11 | 0.13 | 0.14
Turbidity 3 2 5 5 13 12 13 4 9 12 25 21 15 8 18 12
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Vol. 11 No. 3 ERREOBRICB X T 28 v O R — VERH D (191)
Used tubes (scale unremoved) Used tubes (scale removed)
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Photo. 5 Comparison of inner surfaces before and after the corrosion test in preliminary corrosion test showing

the effect of sponge ball cleaning and injection of ferrous ion. These tubes were used at Sakai-ko
power station for 1 year and then tested at Chita martine lab. on the condition of scale unremoved and
removed.
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Table 3 Determination of the corrosion loss and the scale on the inner surfaces of tested tubes in preliminary

corrosion test.

— E}Ql AP2 Bronze G, New Albrac tube
]
@ F} Ne‘g:;’be (sca}ési%rgggved) (scglsee(ll'etr;lxgsed) Ce
1-2 1-3
Scale (mg/cm?) —_ — — —
None: B; Corrosion loss (mg/cm?) 25.9 46.1 57.3 48.6
(ball/th) Corrosion rate  (mm/year) 0.06 0.11 0.13 0.12
8h/day) Scale (mg/em?) 3.3 6.5 3.9 3.7
0.031;31:[:1 ; Corrosion loss (mg/cm?2) 3.9 19.0 20.1 1.4
i Corrosion rate (mm/year) 0.01 0.04 0.05 0.00
Scale (mg/cm?) 1.8 5.3 2.2 1.7
None; B; Corrosion loss (mg/cm?) 9.5 24.7 30.0 10.6
Corrosion rate  (mm/year) 0.02 0.06 0.07 0.03
None; A,
Scale (mg/cm?) 4.5 7.4 6.1 4.6
0'03}‘;‘;“’ | Corrosion loss  (mg/cm?) 6.5 9.9 6.8 8.7
Corrosion rate (mm/year)- 0.02 0.02 0.02 0.01
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Fig. 2 Graphic representaion of variance analysis on corrosion depth of the tubes in preliminary corrosion

test.

a=y/FQ, 0w Ve

A, ; Ball cleaning : None
A, ; Ball cleaning: (1 ball/l h)x (8 h/day)

B,; Fe**: None

B,; Fe**: 0.03 ppm Continuous

Table 4 Analysis of variance on the corrosion depth
in preliminary corrosion test.

Factors S ¢ v Fo
A 0.00170 1 0.00170 11.59 *
B 0.00284 1 0.00284 19.35 *

AxB 0.00203 1 0.00203 13.84 *
e 0.00059 4 0.00015
A : Sponge ball
B : Fet*
% : Interaction
S : Sum of square
V : Mean of square
¥o: Variance ratio
®

SES T ORI LU,

: Confidence limit 95%
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Table 5 Nominal chemical compositions of AP1~3 Bronze.

Allo:} Cu Sn Al Si
AP 1 R 6.2 1.0 0.1
AP 2 R 8.0 1.0 0.1
AP 3 R 10.0 1.0 0.1




(194) B R 8 &2 8B B R July 1970
T 5) O 2EOEXDLOE AW, #EREOR bl TERL, H#EE, pH, HEEEOCKETRELLN

BT A - MVRBE R S OEREEA 1 AT OTH L,
A EE A EINC DI TR F VY Ty~ EEL
fro FOERIEAIT DWW CIHEIES 3 2 I WEERIC 2 5
N L B ICIRE Uiz, B EOBERICIECELEML,

& 72 OB ARBE AL B 572Dt e v F 2 = 77T
AT,
32 RBR&EH

HRRETE 2 HOTHARL ISR LTS D, Thn
Table 6 &% & ®ic, FHBREME OB (1) HER

WIE4 7 AENE 26mme hEE A~ VAR, BH 3
ARl 26mme #WEA — RN L, Q)R v

SEE A3 13~20 [B/ 17 [ s -C 24 ms R RIB X B e & &,
OB K ENTHERA KT L, KRREEAERS 7 AE
L719694 7 AMSABRRAKT L9 AwDdD 2 7 Bic

Table 6 Test conditions for Model Condenser test at
Chita marine laboratory.

Alloy Albrac, AP1, AP2 and AP3

Test tube size 25.4¢ % 1.245t % 15,000/ (mm)

Test period Feb. 5 ’69~Sep. 3 '69

Velocity of sea water in
test tubes

Injection of FeSO4

2m/sec

0.03ppm as Fe** : continuous

Sponge ball 26mm¢ medium : Feb.” 69~May’ 69

(Taprogge)

25mm¢ soft : Jun.” 69~Sep.’ 69

Frequency of sponge ball (13~29ball/1h) x (2¢h/day)

JeZ &7 ETH B,
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KRB e 7 v a v 7 vy % Photo. 6 5 LU
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Photo. 6 General view of Model Condenser at Chita
marine laboratory.
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Fig. 3 Schematic diagram of Modal Condenser used at Chita marine laboratory.



Vol. 11 No. 3 ERBEDOEARL X

I RF O F— VPR DY

(195)

% Fig. 4 xR lL7
3-4 & 2
FERFICOWTIEEL U TERTBOEREL(NBIE
ARMAFEL, EERFCOWTIREE > 2 BopNmiT
EYOWRRABRE LR, BAREIMSEARTAHEEL
foo BT 2WHER LOWHEOBAKTA Photo. 7
Rl 7z,

AP1

AP3

Albrcc E APQ 3; S
S Albrac

&

O Non crossed tubes for sponge ball cleaning

@ Crossed tubes for non sponge ball cleaning

Fig. 4 Installation of test tubes in Model Condenser
at Chita marine laboratory. (front view)
S: Test tubes of short length
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Table 7 Corrosion test data in Model Condenser at
Chita marine laboratory showing the effect of
sponge ball cleaning.

(t:l?ggg";i(()glgf‘;pth of long Corrosion loss of short
tubes
Alloy Maximum Mean (mg/cm? (mm/year))
Ball |No balli Ball |No ball Ball No ball
Albrac 0.19 0.00 0.12 0.00 | 16.9 (0.04) | 4.5 (0.0D)
ALl e | 024 | 0.00 | 0.14 | 0.00 |46.8 (0.09) | 3.9 (0.01)
AP2
Bronze 0.24 0.00 0.15 0.00 |38.9 (0.08) | 4.0 (0.0
AP3
Bronze 0.14 0.00 0.09 0.00 | 15.6 (0.03) | 3.2 (0.0D)
TNT Ty 7R IWC RN TN,
—FHARY TR VIS E R D I Tn 5 T R R D

FoRA O RBEOBL I CREDE X - TEbITE
D, BL#REEERE T HAEDEEDNRB o, LT
2 & L NEYREROENECIIBARIIEAET, 7
7 AMOBRBREH R c 2 EE Lo ob D LHET S

720

3-4-2 NEMNEDEEBERE

N E e & B ERERO Hliefii 4 Table 8 WAL
Too AR v IR - VEEERE O FNIERISE X 0 20~45% 1%
EREREmENR Y, BEREOETR /I WER
Do

Table 8 Quantity of scale and overall heat transfer
coefficient of tested tubes in Model Condenser
at Chita marine laboratory.

Overall heat transfer
Scal c?egﬁcient and degree
Mark 11 Ball cale ol crop
ar Alloy a (mg/cm?) | After corro-| Degree of
sion test drop*
(Kcal/m2h°C) (%)
Continuous 2.0 2,978 4.2
A Albrac
None 3.9 2,869 7.7
B AP1 Continuous 3.4 2,915 2.5
Bronze None 5.7 2,729 8.7
c AP2 Continuous 3.7 2,868 4.1
Bronze None 4.3 2,780 7.0
b AP3 Continuous 4.5 2,899 3.0
Bronze None 5.6 2,755 7.9

* Degree of drop in heat transfer coefficient was calculated by
comparing overall heat transfer coefficient of the test tube

with that of clean tube of same alloy.
i.e. Albrac 3,110 Kcal/m*h°C
AP1 Bronze 3,010 Kcal/m?h°C
AP2 Bronze 2,990 Kcal/m?h°C
AP3 Bronze 2,960 Kcal/m2h°C

3-4-3 HEMSEDOLERS

R EmI DN T LS HT & 3 2 7n\~ Table 9 2R
THREBEA B, ARV IR VEHEEL I NERE 73:7}97‘;
Mot O Fe SERENMR DERDB DN, &b
Fet* 4 # v EALTWAR bbb IgE i Fe g
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Table 8 Chemical analysis of scale of tested tube in Model Condenser at Chita marine laboratory. (wt %)

[
— Loss of
Mark Alloy Ball Cu Fe Sn Mn Total S SO4 S* H.O ignition
13~29/h 9.7 30.8 — 0.1 0.7 0.8 0.4 8.9 23.3
A Albrac
None 56.4 9.6 — 0.3 0.7 1.5 0.2 5.3 27.6
13~29/h 24.0 21.8 2.7 <0.1 0.4 0.6 0.2 6.9 19.7
B AP1 Bronze
None 11.7 6.9 2.2 0.2 0.4 0.8 0.1 4.1 19.0
18~29/h 24.7 20.8 3.5 0.1 0.6 0.7 0.3 6.4 19.9
C AP2 Bronze
None 7.8 8.9 0.7 0.9 0.6 1.0 0.2 4.8 26.7
13~29/h 17.8 25.6 1.7 <0.1 0.4 0.7 0.1 7.6 23.1
D AP3 Bronze
None 38.0 4.3 3.8 0.1 0.3 0.6 0.1 2.8 20.5
* S not belonging to SO~
Sponge ball No sponge ball
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Photo. 7 Inner surfaces and cross sections of tested tubes in Model Condenser at Chita marine laboratory.
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Table 10 Test condition for model condenser test at
Sakai-ko power station.

Mark Factors Conditions

A Injection of FeSO, A None
A 1ppm xlh/day
B, None

B Sponge ball cleaning Ba Intermittent
Bs Continuous
Ci Albrac

C Alloy Co AP2 Bronze
Csa AP3 Bronze

DOERFTEL 2.3m/sec TH Do FloARY IR~ Ve
Bz a2 7w o 26mme O R RER — v G
L, BEBHEEEOLEAYE- L TERRNMD15~20
Elic/e b L 5% LI,

AR O LUHREFROBRAHTIEH A Table 111
KL, BBREMAEKCREELONT, 14V 44>
LB EN T, Lichis T, ARBRITISIEET IE
IKFTRIMWNMELLDEEZD,

4-3 REREE

KRBAER L ® 7 v 3y 7 vy — Og% Photo.8
B IOTig S iR, REBWIMr L4 BEBDoEF vay

Photo. 8 General view of Model Condenser at Sakai-ko
power station.
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Table 11 Water analysis at Sakai-ko power station.
Sampling date 1 Sep. 26 69 ! Oct. 2369 | Nov. 10 69 i Dec. 8'69 [ Jan. 24 '70 Feb. 19 70 Mar. 9 70
Temperature (°C) 1 24.2 1 20.8 \ 18.3 | 13.5 7.6 8.1 6.8
pH 7.7 7.8 7.8 7.8 8.0 8.0 7.9
Oxygen demand  (ppm) 2.59 3.60 1.18 2.20 3.58 2.74 2.52
Chlorine demand (ppm) 5.33 3.07 2.68 2.72 2.40 2.20 3.16
Sulfur ion (ppm) 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ammonium ion (ppm) 0.10 0.10 0.20 0.10 0.04 0.60 1.20
Chlorine ion {ppm) 18,150 18,000 17,900 17,600 17,900 18,000 16,900
Sulfuric ion (ppm) 2,490 2,750 2,650 2,500 2,800 2,400 2,520
Total hardness (ppm) 6,000 5,900 5,800 5,000 5,700 8,000 4,900
Total alkalinity (ppm) 120 109 112 106 108 118 104
Iron ion (ppm) 0.06 0.17 0.17 0.20 0.05 0.30 0.30
V:‘I(‘urbidity 3.7 0.2 0.3 0.4 1.1 1.2 3.5
T
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DY Th I i
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: Suction pump T.T.: Test tubes
Tank for : Tank for water supply B Strainer for collection
FeSO, - 7H,0 : Pump of sponge ball
solution
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1 B ATTEE N

3AFERT 9 REEE I N T WD, TKIELFEER S, 2=

O N
4-4

HEREB

Schematic diagram of Model Condenser at Sakai-ko power station.
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O Non crossed tubes for sponge ball cleaning

@ Crossed tubes for non sponge ball cleaning

() Position number

Fig. 6 Installation of test tubes in each Model Con-
denser at Sakai-ko power station. (front view)
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Table 12 Probability for passing a sponge ball in each tube for 10min in Model Condenser at Sakai-ko power station.

R e Alloy

\ = (Position) Albrac AP2 AP3 AP3 Albrac AP2
Model o . Dat o) @ ® @ ® © Total
Oct. 369 0 1 0 7 9 2 19
Oct. 20 "69 0 0 0 7 3 2
No. 1 ct 12
Nov. 8 '69 2 2 6 0 0 2 12
Ferr: None Dec. 16 69 0 2 2 8 5 2 19
Ball: Intermittent o 7 70 1 3 3 7 . . o1
ar.
Mean 0.6 1.6 2.0 5.8 4.2 2.4 16.6
Oct. 369 1 5 1 0 0 1 18
t. 20 69 10 4 0 4 0 22
No. 2 Oct. 20 "6 4
Nov. 8 69 0 5 10 0 1 0 16
Fer*: None Dec. 16 69 0 6 4 2 4 2 18
Ball: Continuous
* e Mar. 23' 70 1 0 0 8 7 0 16
Mean 2.4 4.0 5.0 2.8 3.2 0.6 18.0
Oct. 3' 69 0 3 8 0 3 3 7
Oct. 20" 69 0 0 10 2 2 2
No. 3 ct 16
Nov. 8' 69 1 2 I 0 0 0 14
Ferr: Ippmx1h/day "™ h . 15 69 2 4 5 1 1 4 17
Ball : Intermittent Y 7 70 o 1 0 0 1 1 s
ar.
Mean 1.8 3.8 6.8 0.6 1.4 2.0 16.8
Oct. 3 69 1 5 10 i 2 1 20
Oct. 20" 69 4 0 0 4 2
No. 4 ct [ 16
Nov. 8 69 1 0 0 6 ¢ 2 13
Fer: Ippmx1h/day Dec. 16° 69 5 4 3 4 1 0 17
Ball: Continucus
Mar. 23’70 2 7 9 0 0 1 19
Mean 2.6 3.2 4.4 3.4 2.2 1.2 17.0
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Table 13 Eddy current inspection on the tested tubes in course of corrosion test in Model Condenser at
Sakai-ko power station (Amplitude in mm).

Test condition Date of inspection
Alloy Mark Oct. 3’69 (Ist) Nov. 8 '69 (2ad) Jan. 9’70 (3rd)
Fet* Ball Maximun Mean Maximun Mean Maximun Mean
2-1 0.5 0.14 2.0 1.25 2.5 1.19
Continuous
2-8 2.0 0.31 3.0 0.79 6.5 3.06
1-1 1.0 0.16 1.5 0.5 3.5 0.75
None Intermittent
1-8 0 0 4.5 0.75 2.5 0.38
2-6 0 0 1.5 0.31 0.5 0.13
None
1-6 0 0 0.5 0.06 0.5 0.06
Albrac
4-1 1.5 0.58 5.5 2.38 9.5 8.06
Continuous
4-8 1.0 0.48 5.0 3.25 9.5 4.19
3-1 0.5 0.13 2.0 0.44 0.5 0.25
1ppm x 1h/day Intermittent
3-8 <0.5 0.04 2.0 0.31 1.5 0.25
4-6 <0.5 0.04 1.0 0.1 0.5 0.19
None
3-6 <0.5 0.08 1.0 0.25 1.0 0.19
2-2 <0.5 0.04 2.0 1.0 3.5 1.56
Continuous
2-9 0.5 0.39 3.0 1.88 4.5 2.38
1-2 <0.5 0.08 1.5 0.81 0.5 0.5
None Intermittent
1-9 <0.5 0.04 2.5 0.38 2.0 0.38
2-4 0 0 1.0 0.19 0.5 0.06
None
1-4 0 0 0 0 0 0
AP2 Bronze
4-2 0.5 0.25 4.0 1.56 4.0 1.75
Continuous
4-9 <0.5 0.08 2.0 1.19 3.5 1.31
3-2 0 0 1.5 0.94 1.0 0.56
1ppm x lh/day Intermittent
3-9 0 0 0.5 0.25 0.5 0.29
4-4 0 0 0.5 0.06 0.5 0.06
None
3-4 0 0 0 0 0 0
2-3 0.5 0.16 2.5 1.13 7.0 3.44
Continuous
2-7 0 0 3.0 0.81 2.5 1.25
1-3 0 0 0.5 0.25 0.5 0.25
None Intermittent
1-7 0 0 0.5 0.06 0.5 0.06
2-5 0 0 0 0 0 0
None
1-5 0 0 0 0 0 0
AP3 Bronze
4-3 <0.5 0.04 2.0 0.94 5.5 1.45
Continuous
4-7 <0.5 0.11 1.0 0.63 3.0 1.19
3-3 0 0 0.5 0.25 0.5 0.31
1ppm x1lh/day Intermittent
3-7 0 0 1.5 0.25 1.5 0.25
4-5 0 0 0 0 0 0
None
3-5 0 0 0 0 0 0
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Fig. 7 Eddy current traces of AP2 Bronze tubes tested from September 6, 1969 to January 7, 1970 in Model

Condenser at Sakai-ko power station.

Photo. 9 Corrosion of condenser tubes in Model Con-
denser at Sakai-ko power station. (scale
unremoved)

(a) Albrac
(b) AP2 Bronze
(c) AP3 Bronze
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Photo. 10 Corrosion of condenser tubes in Model Condenser at Sakai-ko power station.
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Fig. 8 Graphic representation of variance analysis on maximum corrosion depth of the tested tubes in Model

Condenser at Sakai-ko power station.

Az‘/m A,: Fe*™ « none B, : Ball cleaning - continuous
TTET n A,: Fe'* .1 ppmx1 h/day C.: Albrac
B, : Ball cleaning - none C,: AP2 Bronze
B, : Ball cleaning - intermittent C;: AP3 Bronze
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Alloy
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Photo. 11 Longitudinal cross sections of tested tubes in Model Condenser at Sakai-ko power station.
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Table 14 Corrosion depth of tested tube in Model Condenser at Sakai-ko power station.
Maximum depth Mean depth
Alloy Fet+ Ball
Range Mean Range Mean
Continuous 0.47~0.68 0.58 0.17~0.18 0.18
None Intermittent 0.17~0.18 0.18 0.02~0.04 0.03
None 0.04~0.06 0.05 0.02~0.02 0.02
Albrac

Continuous 0.47~0.52 0.50 0.17~0.24 0.21
1ppm x1h/day Intermittent 0.10~0.36 0.23 0.06~0.07 0.07
None 0.02~0.02 0.02 0.01~0.01 0.01
Continuous 0.34~0.34 0.34 0.24~0.26 0.25
None Intermittent 0.19~0.20 0.20 0.14~0.14 0.14
None 0.04~0.04 0.04 0.03~0.03 0.03

AP2 Bronze
Continuous 0.21~0.25 0.23 0.16~0.18 0.17
1ppm X 1h/day Intermittent 0.06~0.12 0.09 0.03~0.07 0.05
None 0.02~0.03 0.03 0.01~0.01 0.01
Continuous 0.23~0.29 0.26 0.12~0.17 0.15
None Intermittent 0.12~0.14 0.13 0.04~0.04 0.04
None 0.03~0.04 0.04 <0.01~0.02 0.01

AP3 Bronze
Continuous 0.15~0.21 0.18 0.09~0.09 0.09
1ppmx lh/day Intermittent 0.09~0.10 0.10 0.03~0.04 0.04
None 0.02~0.12 0.02 <0.01~0.01 0.01

Table 15 Analysis of variance on the corrosion depth
in Model Condenser test at Sakai-ko power

Table 16 Quantity of scale and overall heat transfer
coefficient of tested tubes in Model Condenser

station. at Sakai-ko power station.
Overall heat transfer
Factor S ¢ A\ Fy coefficient and degree of
AlLL Fet+ Ball Scale | drop
oy € a After
A 0.0383 1 0.0383 6.4 * (mg/ems)| corrosion | Degree of
test
(Kcal/m? h°C) (%)
B 1.2122 2 0.6061 101.0 ** Continuous 2.0 3.060 1.0
Inter-
c 0.2470 2 0.1235 20.6 ** None mittent | 21 3,080 1.3
Alb None 2.2 3,061 1.6
.22 2 0.0574 9.6 * Tac
BxC 0.2204 b Continuous | 2.9 2,754 1.5
Ippmx -
e 0.0476 8 0.0060 ey | ittent | 42 2,667 4.2
None 4.5 2,102 32.4
A : Fet+ * Confidence limit 95% -
B : Sponge ball cleaning ** Confidence limit 99% Continuous 1.6 2,959 1.0
C : Alloy None Inter- 1.7 2,955 1.2
% : Interaction mittent ' :
S : Sum of square AP2 None 3.0 2,733 8.6
\& Mea.n of square Bronze Continuous 3.1 2,740 8.3
Fo: Variance ratio 1ppm x ot
nter-
1h/day mittent 3.6 2,560 14.4
A Y T VR E PR L A Y Y - VBN None 61 | 1 5.9
BEBITNT T v 7OFNAP 7w 2 LD KX\, Continuous| 1.8 2,955 0.2
Inter-
None . 2.6 2,920 1.3
g ttent ’
4-6 NEMNEYE-BERE TR
AP3 None 3.0 2,889 2.4
s T A 71 m Al Sy el g = A
A O DI L 0 OEHRDVICHREBOF 3EH | gronse e T o
CRWCABEON SRS, HRio | B cE kR omx et | e
3 1h/day mitten . ’ .
Mz Uiz, #E% Table16 iRk Uiz, BHHE LB None 5.8 1,999 32.5

BEiX, B U >MEES > ERESEOIETH Y, K-
PRI X DENABIC AL T 5B, E oA HE & L Fett
A4 YEANEDO B EBERGEN L, H2E, Ferr A+
VEAZRHET TAR v I8 — VES IS O NER SR
AR Z b o D EN L D 44~55% Vi -
Too —HEERFETRE L AEMAEYE L O b X <

B B, BEONIWERIE b/AS W, Bk
i Fert 44 v IEARG T TAR v ¥ F — VG E D
BERBETERIIESR Y B hblithozED1/3~1/4T
H5B,

4-7 AEMNEDHOLERS
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Table 17 Chemical analysis of scale of tested tubes in Model Condenser at Sakai-ko power station. (wt %)
Alloy Fet+ | ce | Fe | Ma | Sa | Total S| SO, 5 * Lot ot

None 11.5 23.0 <0.1 — 0.8 1.8 0.2 22.5
Albrac
1ppmxlh/day 5.7 28.9 <0.1 — 0.8 2.1 0.1 27.0
None 11.1 10.5 <0.1 20.2 0.4 0.9 0.1 22.8
AP2 Bronze
ippm x 1h/day 5.3 32.1 <0.1 2.4 0.3 0.8 <0.1 20.5
None 12.5 11.7 <0.1 7.9 0.3 0.7 <0.1 22.4
AP3 Bronze
1ppm < 1h/day 5.3 32.8 <0.1 3.6 0.3 0.6 0.1 19.7

* S not belonging to S04~

FEECHEADE M L, AREMEDOLFES LR
7t oir. fER% Table 1T iR L7z, Fer* £ 4 Y EAED
Fe & 62I0%I1EETH Y, —F Fer [ 4 v HEAED
Fe £HZLT VT T v 7EIET 23% L nTe DD oo’
AP 7 u v 2 ntihd 11~12%E Th » TRk
FHLTHABEE1hb TN ) DEREDN, A&
OMEIC & T Fe SOBBHEENRL DD LLLEDD
NhHe FloA ATV olz,

48 ¥ & ®

M EORREELXF L DD ERDE I TH B,

1) #HEEL L Fet A 4 v OEAFRL AL DS,
AR Y IR - VEEREORTCIEANE U, L
Z s o T BRI AR A U 5 72,

@) COBMAEDBABEALR Y VE - VIEGEOHEE LD
R FEBEME S & b B, EREREEE O HERPEEHE &
DEANMEDKTh o7, (BL, MEBEEHFECDOWT
RGBT 1y AMBAKEELELTABDT, ZHWX
S TEBAEINESMIBEHIT Ao TWHZ DA D),
(3) Fet*r 44 voiEA REBcik lppmX1h/day) &
FREND AKX v T FE — VB ST T TR A
T AR E DB,

@) B EoBARRCHdTABREZRETE, ZHRELT
Fett £ & v DA, ARy IF - VL LW HED
SEROWTFNLHEELLD, FAXEERELTAEY
IR - VPR E I ENEE L R LD BN,

5. & =

S&BEMBOMAEEBRE T4 5 2T, RLEELRETO
—DONRFOBEC B\ TEBIR ORI 47 % MBS
B LR BN T WA, DI EREKEEE O &M
B HRET BB AT DWW T LS TR IR A HEIK &
T BERERE T o WK L HAKRRFE O FRERC B\ CET
HE—RE—OF®EE, SHOLZALTULHBA
ik, O BEOWze i HONC RGN D, EEEK
# AT 0 A1 KEE DR e FIEO R b —ARH 7 REE
i Fe &L REOHKRTH D, TOTFMICHEDTHERE
—$OEANE L 2 ERBCIH DM EN T B,

BRSNS, T AEO AR YR~ M REKERE
BB AT T OBOEBEITEEIN, TOBREL
THEBRSNRET D ERHREI NI 202 LITEKER

ERECTERIN TS REXSFOBET, T/hbbEN
BN AT OIK TS WTITHETLBH E LT
BRI LA RETR L, BN/ IS a— 2
YR VIRERNEBIRT S L X EE A BABEEON
— R EVHET AHELBETHE LERTLIDEEZD
NH. 2D EF—EE U Fe i MBMNEREHT
BT, Fer* £ 4 » O/ENT+5CTh s Bar, B
BRSO, o XIEERNERT LcB# e X
S THEERZ, 2Z0bEEYECFRERINS S
EBLSEEIND, —HERWT, RERREESL, Fetv
A F v OEANEEDOFELEEIET B0 E L e O#ETE
HHEILH A2 EBR LI Thbb, M EIEEARREC
R 5 FHERIC RS\ T, £~ VBB 8 [A/day LR
O TESAE CHIE 0.03ppm O Fett A 4 o o EfeE Al
EREOFEEAFERCHEILELEN, RULagesd527
v F vy — BRI R TR — AR 318~20HE /h
(300~700[E /day) ETESHEEC/RDE, ZOREDHAR
TR EOFRELEIET S Z LNRTE AP olz, 2O &
RS, ERECHTEY (B 2&TalEL L7
NEEDELHEOHTNKENEZRETHE LERT D
DThBHEEZDBND, METIUEL, AR yIF-rgk
BHEADOFEERIL AR ¥ B~ vOEICHT BIERO &
THERDHLEDTIERL, HLETY, KUORE, Tihbb
EORBMCAEY—RBE—% & T 5HACRE LD
HEMRTHREALDLEZDLND, T2k 2, HKNE
BUTWTEARIE A 7 4 2 RBEERDNRETLTWE
ik, AR IE-AEMVBECELTY, AL
UhWEEanb 0 5B L Bbis, €L T, ZOXH5AREZ
LIRS S TR E T B,

*7r, ASEHEEARREDEF va T vy - TOE
ERBERE LIUE, AN v E - VR EECE LIS
CEWTHEEDIEENR D BNIA, FOHARIEIERT
ATEWC B DI TR Y, OSSR AB SR
ELTWeboo L 5RH LB NI, ZOFERICE T
SERBAEER 4 7 AR RS - v ER, DBEEE T
R A - VEER Lice 202 EMD, REEE- v
GER Ui s WCEE2RET, WER-VvEER L
I s W THEDETHNEE L b D L bE 2 BND,
Liehin T, BB AR Yy R - VT L DEBEDOFH
&if, ARYIR-VOFHC L > CHAEEINIB LD
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THH DA DWTIE, TRBREEET S,

6. #&

hERE eI S KRB ORERARRELR LU
B TEE ST FRNERE Lice 7 va vy 7T vy
—ZRWT, BEEK TR BIEKEEEMNED A4 >~
| R VB LR L OBERAIRET Uiz, BhNIcKERE
EEDBHERD L5 TH Do
1D T2 BD A A v IR~ iT L B PSR EER B I T
WARELIES, FORBAREIEHENEG XD
DRTKREL D, 2 Z DEA, ke Ferr 4 4 ¥ & EA
FE, TAEEED A v Y - VG THIUTEED
Fee B EE D, PEHERD ABREDN FTE D &K
BOFLEX Fert A4 Y EADL T EB R WA RE
W& BERND Do AR v ITH — VBRI L 5 TT

il

LA AP 7 u v % (AP-1, -2, ) BIVTATT
v 7B LT HEDBNID, ZDORTCIE AP3 Fn o x
PELHAENTh ol DEINBDIENDBLTEARE Y
R = VI L BIEKEREONELERITEOHED 5 2B,
EKkERw vacuum KTFOMEREURWED ikl Z
hmWHEBEFE UL, vacuum T A4 Ulc i it s
THVERVEENOERCIED TR Z EMRHFE LN
DEFZERD,

Wbt ) KRR U TS KOHEE R S O Hig
F1% 8B d o 7o hEFE AR A s B O B Ik et
DOEERAMICHELYELE T,

X ik

1) P.T. Gilbert : Chemistry and Industry, July, 11, 1959.
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Study on Corrosion of Surface-treated Aluminum

Alloys in Sea Water

by Michiki Hagiwara

Several kinds of surface-treated aluminum alloys were dipped in sea water for one

year using four aluminum floats and a bamboo raft, and their corrosion phenomena were

observed after 3, 6, 9 and 12 months.

Furthermore some specimens were naijled on the

tail board of wood barges and they sailed in Nagoya bay or Kobe bay, and the corrosion
phenomena of specimens were observed after 1, 3, 6 and 12 months.

(1)

(2)

(3)

(4)

The results obtained were as follows.

In the dipping test, specimens only pre-treated and MBV-treated were corroded but
specimens anodized in sulfuric acid and coated with anti-fouling paint were not
corroded after one year.

The maximum depth of pits in the specimens only pre-treated and MBV-treated,
increased with the increase in dipping time. The pits were very deep in 1100 and
6063 alloys but were relatively shallow in 3003 and 5052 alloys. Core part of Alclad
3003 alloy was cathodically protected by 7072 alloy clad part.

The relationship between corroded parts and locations of barnacles was observed to
exist and it was known that many deep pits were formed close to their shells and
that some parts of aluminum seemed to be dissolved just underneath some shells.
It was supposed that these phenomena were due to crevice corrosion attack or
corrosion effects of secretions of barnacles.

The corrosion of specimens nailed on wood barges was more severe than that in
the dipping test. This may be mainly due to pollution of sea water in the bay.

1. #&

TN =T nEFOEEDEKFTORBAEZEICONT
i, ZhE TR L OWMENRLENTEY, &<,
19304F1z. Meissner? 7320174 &gk TE L < A &
NAZ EHHELTEY, 1952481k Wanderer 52 73 Al-
Mn, Al-Mg, Al-Mg-Si 7z Eo&BAETEEH &L T
AWT207 AMEKCEE LR, FOBEARER T
LIERET, 2NBHOT NI =Y A ASSOMRIEEL BTG
5 EBRNTND, Ib, Al-Mg £&0OMEKME T
HTWBZ EEDWTUL, ZOREESMAEME & L
THLD FHINTAS RZED 5D, BET 2 i
LSO MWEHSHBMIINTWS, L, Al-Mg %&
ST MgeaHEEN 4% 25k, H32, HI2BEEDOMT
51Tz b O ThIBKPCIEEAY T HERNLS &
WHRED b B, Fiz, BET AV IOEBRNRIEERL
T AEE ST OWCTOFEMAIED i L, ¥40EDE
SHBITHRAGEE60007 4 ~ F F TOEKFOELEIR
7TEMBE LR, 3T 7 M=y A EETTLAMN

[}

* B

Fe: 1, &<12024-T3, 7039-T6, 7075-T6, 7079-T6,
7178- T 6D AMBHILBIRKBER AN FE T 5 L BB h
TWb,

BlE, 5IH L7aflido3th s @B D\ COREIE
DT, FEMAEAY L7z 703 =9 A EREO ki &
BEED 7= 2T G LA ERL, HEFHO HBHE D T,
Wright 59 O#&E/TCh B, T LB EY v 7 m
A T REATCEREBET D EILENTHEIXN, BER
(AL % 4 L A/ 2 EBIONE L, A O 2 ~
5 BEDOM AR RT & H,

AHEEAET VI =V 2 5EOREUIH s . O —
A& O BNEEERC DWT, 1 4MoEkEERR LT
N, ME, REASIC X5 REOEY WA+ H—5,
Al-Mg & &2\ T HBREKIC L B BA% &-&bw Tl
EI5HNT, BEIGET L CWAKRED v g7 v s
=7 A E5E&RRF AL, 2 h 1 EMER LA,

ks, BEARIESEBHSVNAEEBEELD O
EEUTEBQRMESEIC DWW THER AT/ » T b
RSB KREERIC RV, ROLEEELOH
A B TERL, ~YrieonwWTOBRIIAERER I
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R 3\ CHRE S /5 7 % TR e,
2. RERBRAFE

241 # R M

L8R 1050, 1100, 3003, 5052 54 0¢ Alclad 3003
DOHI18K £ 6063-FH D 6 O T, 3keii Ak (30t
X180w X 150! D&M s HFHE LI LD THD, &
B3 450°Cx 16h. A. C. O FmeEi, Fm% 2 mmy)Hl
L, 450°C ¢ 8 mm ¥ CEAMER LTk, BHELCL Y
WE 2mm i L, £84&0{L5M4 Table 1 izxd,
EEAIIFTAED 2 (T, EAEs] s X.5), MBV
ALEE, 100 BRI 7 Vv A PAEA SO EBED AT, 4
ML Table 2 D D& ThbH, ks, BEIEEY

Table 1 Chemical composition of dipping test
materials. (%)

Cu Fe Si Mg Mn Zn Cr Ti

1050 0.03} 0.31 0.09 | <0.01 | <0.01 0.02 | <0.01 | <0.01

1100 0.03 | 0.31 0.14 | <0.01 0.01 0.02 | <0.01 | <0.01
3003 | <<0.01 7 0.07 0.04 | <0.01 1.26 | <0.01 | <0.01 | <0.01
5052 | <0.01] 0.06 0.06 2.58 | <0.01 0.01 0.22 | <0.01

6063 | <0.01 0.08 0.40 0.65 | <0.01 0.02 | <0.01 | <0.01

7072 | <0.01, 0.03 0.04 | <0.01 <0.01 1,011 <0.01, <0.01

DA R BFIET B 1o DI Bl & A TSR D RS (F
HEEED) 2RV, Table2 WRTELGA7FEY Lz,
BEHOBEITITHETH D,

HERF ~TiEL 26 X100w %< 200/ wwiE—L7z23, 1100

vinyl pipe spacer

vinyl coated
steel wire

5052alloy float
6¢ nylon rope

nylon rope

6063 alloy rack

specimen

6¢ nylon rope

12¢ nylon rope

specimen

Fig. 1 Schematic appearance of the setting of specimens.
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Table 2 Procedures of surface treatments.

7% NaOH 60°Cx 15sec, 10%HNO; room temp.x
3sec, washed in tap water and dried

Pre-treatment

(50 g/l Na>CO3+15g/! Na:CrOs)aq. 10min-boil-
ing, 1%Na:5i0s 30min-boiling, washed in tap
water and dried

MBV-treatment

Sinto ships-bottom paint vinyl type AC 100g/
m? painted with brush and dried,

Painting
Sinto ships-bottom paint vinyl type AFOP
200g/m? painted with brush and dried
Bl Alumite 15%H.504 1 A/dm? x36min, sealing in boiling
treatment water

S O LIKE L, 3, 4, 5BV 6mmd LD inz,
5052 3 L UF Alclad 30034 &ic D\~ Tk, #E 2 mmo i
WA A JEaE TIG B LR & & Sl THER
Uiz HRHERLE 5052 & &ic D\ Tik3k4s, Alclad 30034
SEDWTIE3003EE % FiV T,

2.2 EBF &

KR EENA 3, 6, 9k LUM27 AL L, KA
6063 &S IILHIC ¥ = — VIR CHROE L 7 v
7= 7 L D AR E 250528 & ENETRIT & Do,

B & R G EERERR A T W LA U AR EE 2 B35 L,

Prre YT T 1 o> RN B U teo SRR BEAHHRIR 0 18
W% Fig. 1, WEEA Photo. 1k L U8 2 1md,

SN

Photo. 1 The float, the anchor and the specimens.

Photo. 2 Appearance of dipping test.

FHERTREAIZE B SO #2608 B it KB EhE
BEERE ST, B424E4 B14H X Y IEFu434E 4 A 17
B i T%}j@ l/'/LC.o

3. RERBRBERELLUVICEE
31 ERBFoRA

311 BERRA

HERGAE 3 7~ ARBOR S TE 1 OBAEFEL & bic
Sl =08, BEAIUFE, Bk L OEBRFIIEDD
ERBIZ L DS H7E L Cniad o 7228, fBORBF 2 BT
TY = — VSR, A vy — TR ER T YE, R
T in EDBEMRFER IS B AR L T\,

BB 1x Photo. 3 R4 & M AR THED

Photo. 3 Appearance of specimens after 3 months
dipped.
A : only pre-treated specimens
B : specimens coated with anti-fouling paint
C : MBV treated specimens
D : specimens anodized in sulfuric acid

RIUE B FRRET, MNEMO I b BB EE O REE
L < hbMhBRDOTC, FIv 7 s v EBCCRERFER
Cx XX LT, HEMETELRETE VR
WREE TR A B Ui,

KL O 5 BRSO L R, Bl 7
V= A T AR R L O MBY MU IS L 7 YR
OBEEE L TOHEBNRL 52D DTW5BED, FOficik
EALX B BN 572,

BB EM b & CAHBEN SR - Th Y, &M
MEBELEEL O\, BN RBOBE Bbi
BMABOEBD VR EBO S BERD b i, WO
5 53003, 5052& 43 & UN50524 &IEERMIC I AN 28K
b BRI o 7oAz, 1050, 1100, 6063 7 B0z Alclad
30034 &I ITBENFELEL T, TN HEAIEC LT
e BEIL T ORI IMITE Uiz Bk & BB OO AT 2
B, BHEMCHBO TOHS CHEYEU/I-bD D
WL ORERD BN, BRI CII00 AT L % <,
PEXHEEL T, 606323 JUm k¥, 10501k 3D TIED
- &ESBERD 57, Alclad 3003 &4 AR
L otety, WIS BERO 7072 &0 AN EE XN,
30038 G EHHIBR TH o 70,

BEMMN6 7 Ams s, e UEEDORIEL
TEBFLBSEWENRHIL o7 37 ADEE LR,
77 RWTHDBEEEW AR BOBEFRLD,
BEMB IO B17 <A T HIERR D ALOELL 5
i o 7eh, MBV @B U~ THE1050, 1100 % L O
Alclad 3003 &4iinds D OEAMNFLE LTz, S5
DOEETERECE L THIIL R L, 22®Bhot,

IEILIRES C1E3003, 50528 &k L 050526 £IEHEHM A% 3
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™
7072 — -
alloy clad <> —— weld metal
i
3003 i \\
-alloy core \\
\
\
kY

Photo. 4 Photomicrograph of the cross-section of Alclad 3003 alloy welded part after 6 months dipped.
Pitting corrosion occurred neighboring to the weld metal.

r ABEDES ERBEROALATCHEETRD bhiahr ol SEOBIEBEE LTORRIPFTE R DD LR
2 OSSR LTRGHIEL VEBANEEC 5 Thize b, ZOBEHKHER NS, Photo. 4 ©AHLN
Alclad 3003 & &M TR\WT, BEEBLEBMLOKE HIEL, BAIN-BESBRIIEST, BEDETL
R TRIEANFREL T, ZOASERWTIEE BERE L B DOT0728 &M A TR AR - T,

BAEEEITT07264 £ 300344 L EIE I Bz, 7072 07 AMBE T L ABEHOE, RoTWENILE T
1.4 ; 3
1.46 2.02
44
Non surface treatment MBV-freatment
1.0 {
O 1050 —H18
il 1100—H18
—P— 3003—H18
—— 5052--H18
— 5063 —F

=& Alclad3003—H18

0.5

Maximum pit depth, mm

° T

3 6 9 12 3 6 9 12

Pipping time, month

Fig. 2 Maximum pit depth of the specimens non-surface treated and MBV-treated after each dipping time.
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FTELL ot HillElE FECRE UcRE, BEHEB
17 v=A P PR & UTHAERIFC, Bl 7 v~A1
oYLy ol WA IOy e R AN el P Nl AL o (A = Y
Niehs oz, MBV LEIHGUk 1050, 1100, Alclad 3003
ST T 505284 AN T4 Uiz, 3003k &
V60634 &I L e 5T,

IRV T C OB I B A 2 F A L A%, 3003k
L UB052A &L Vi, BABELEN 5z, Alclad
30034 &DBEIILIL Y KHO AT, BEMLFIEE &<
CH - BT h o Tn, B0B24 BN OBELSBRT
2 r BRI b, Photo. 5 iwdkn & E
BEBRITHEOLIT S bIFMEAIN, BHIIEETH-
72,

Photo. 5 Photomicrograph of the cross-section of 5052
alloy welded part after 9 months dipped.

BEAM127 B CRAAEMOENIEEC LD, Bun
BIRDFENS XD TOEL Inotehh, BERENLRIL
D&EERE Bl 7 v A P RSB EITL BNl o,

MBV 4LERH §s J: CMEMIEBHE 3 C ORI &A1
Fed LT\ s, MBV SR OB MIC e L C
BV, BWbOREL ST,

FEAIATE L2854, @RoaElrmEd2nbY
., —EIEERIFEETSE, FOMHNERHCBEIN
T, MATRR L D IEAOHETAEL A BRES UIELIES
BNBR, RERE I WTH, BBREME <, B
FIO Bl 7= A PHEE&ET, MBY G & A
R Uk 28, FOMTEEITILEM L VBN D TH o
770

Fig. 2 /YR EHE0 BAILEEIARL
720 Alclad 3003 &&d e % L CERIL TR
DIT2EEHTIE SN T Wiz, S O30036 &0 E4
TN otz D E L THI R Lic,

SEALHEIBHT 5\ THE1100 2 60636 & DA E L L, &
W HEE 4 mm D100 s W I BABE 28 2 mmk Z &
Thnize 1050842300 2 Hic k¥, 3003, 50524&DHEE
L, WERDORWZ L23bhb, —7, MBV L
R WTHII00D &N DE L WA, 105018 & D #

5]

TTRENEL, oS TnibE VERYET RN
726

3-1-2 BIERMEEOREL

BEBRBRGEO ARSI SRR 2 FIR L, @il
EBLIER, 2007 VX 13ET b 0D TR0
b3 & A BN, BERMEHCEE Y S JIFT X
S5HEBEBLWHEERELTWRWE xR L, BaEANE
NHILAETHDZ L3, FIEEE~OEE LR LTS
LD EELBND,

32 BERSE

3-2-1 BKOIKR

ARBEFO A 3 IRk, A 1 EREREAL
B SN B, BHEIABERINTAEZ ELELDND
L, BREFROE CNONS5H0DT, BKOEELSD
LB bNBDT, MKESNT UickER, Table3 k44

Table 83 Compositions of sea water sampled on Feb. 13,

1968.
Sampling time 11:40-1 14:00- | 16:00- 1 16: 00-
11:50 14:15 16 : 10 16 : 10
Depth (m) 1.0 1.0 1.0 4.0
Temperature C) 11.2 11.4 11.4 12.5
Turbidity 4 4 4 3
pH 7.60 7.64 7.67 7.90
Relative conductivity 49,060 50,600 51,020 52,780
(pv/cm)
Total solid (ppm) 36,480 36,990 37,080 38,890
Ignition remnants ” 30,800 31,120 31,220 32,830
Ignition loss ” 5,680 5,870 5,860 6,060
M-alkalinity v 120.0 120.0 121.0 121.0
Total hardness z 5,950 5,980 5,990 6,250
Oxygen demand Vi 3.7 3.7 3.6 3.8
Dissolved oxygen K4 2. 76 2.80 2.95 —
(Oxygen saturation%) (80.7) (31.6) (34.4) —
Chlorine ion (ppm)y 117,860 18,010 18,140 18,910
Ammonjum jon v 0.5 0.5 0.6 Tr
Nitrous ion 7 Tr Tr Tr Tr
Nitric ion ” 0.8 0.8 0.8 0.6
Sulfide 7 Tr Tr Tr Tr
Ferric ion 7 0.18 0.16 0.11 0.16
Sulfuric ion 7 2,587 2,637 2,611 2,739
Calcium ion 7 379.8 386.3 390.6 401.8
Magnesium ion 7 1,213.9 | 1,217.5 | 1,217.3 | 1,274.9
Copper ion 7 0.010) 0.009] 0.004] —

MIBEB NI, BESEND B THRKIC L - THEKNRH T
Bivis & A ii By, B oK BT pH
ERPREL, BEBRBENE LD THL, EWELEKE
3% 28N, WMELS RV EL, BB & F TiEwhin
 &d, BEREKIERLTHD ENEIBENL TN
Ehbhotz, XK, HERTIMONETIE7 vE2=Y
nA & N, BAROEE LR TE R,

3:-2-2 BEHORKR

e b A OBIRF EEC (78 Uiy, 1 484
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UTHOBIBAAME DB Ulco £OER B & O % R
HWEBLDOBEROT S EFNWTEELDBE, LTFOIEL
TH5bo

9, HEEE U TRIOAEI DA I T LA
IR, 12~ 1 ARIEMRE, FHENFE L. oM E
NEEEAL 9 AERTEL, 10 AkizFOD L L TRK2cm
EHERE LTz,

7V RRBEE 17 AT T/ b ORTEEIE
U, 27 Ak lecmiczy, BBMAESEICA
BL, FEnwgix, BRFOEEEEZE > T\ b,

BB FLIL8~9 Bleh b AEL, 10~11AK
LAEIFNT N D,

Koy sy LTk, F¥yaray, k¥ Ia
FRy, 7Y ar ay i ENS ~10A oM, #% < 4E
KR T\ 5,

Bk YT~ VA Ry, FeRyORESILHEE
T BN, 97 B bUR12y ARE LR BT
v Ry RIEFC L BEREL T,

SHE RO B SIFWENE AT A 2L B BDT, 114
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Photo. 6 Pitting corrosion occurred close to the shell
on the 6063 alloy specimen only pre-treated
after 6 months dipped.

Arrow shows the pitting corrosion.

le—— Shell of the
barnacle

pitting corrosion|[ 1100 alloy

Photo. 7 Photomicrograph of the cross-section of 1100
alloy specimen at the shell of the barnacle.
Specimen was dipped for 3 months. Pitting
corrosion occurred beneath the shell.
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Photo. 8 Corrosion occurred beneath the shell on the
1100 alloy specimen only pre-treated after 6
months dipped.
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Photo. 9 Corrosion occurred beneath the shell on the
1100 alloy specimen only pre-treated after 9
months dipped.
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barge made of wood

— i

water line
at full load

—_—
water line at empty

Fig. 3 Setting of test specimens on the tail board of the barge made

of wood.

test specimens

barge made of wood

test specimen
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Table 4 Chemical compositions of materials tested by
the barge. (%)

Cu [ Fe [ Si | Mg | Ma | za | o | m
s052 | 0.02 | 0.25 | 0.11 | 2.51 | 0.02 | 0.02 | 0.92 | <0.0t

5083 0.03 0.21 0.08 4.40 0.60 0.02 0.18 0.01
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Photo. 10 Appearances of 5052 alloy specimens after one month tested in Nagoya-bay.

right: before washing A : anodized in sulfuric acid
left : after washing with B : only pre-treated
acetone and tap water C : only pre-treated (welded specimen)
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Photo. 12 Photomicrograph of the cross-section of 5052

R E < CERRTET U BT oo, Z OB alloy welded part after one month tested in

Nagoya-bay.
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Photo. 11
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Appearance of 5052 alloy welded specimen 5.2 #WPAHEEATX MEE G08342=EBE)
only pre-treated after one month tested in SERETDS A T LR B REE L T

Nagoya bay.
White spots show pitting corrosion parts. Maoteh, FATER L 7 AR CEAEE 72T <
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1.0
5062-H34 in Nagoya-bay 5083-H34 in Kobe-bay
—(— bare specimens whose surfaces contacted
with the barge.
08¢ O bare specimens ) ~@— bare specimens whose surfaces contacted
with sea water.
@— crodized specimens —@— specimens coated with anti-fouling paint. 5
E 04 )
<
a
3
:’é-
€ /
2
E
504 {3
P
0.2 C
0 —CL—. L @9
0 3 6 0 3 é 9 12

Testing time, month

Fig. 4 Maximum pit depth of test specimens set on the barge after each testing period.
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Photo. 13 Appearances of 5083 alloy specimens after

3 months tested in Kobe-bay.
upper : surface contacted with sea water
lower : surface contacted with the barge

A : coated with anti-fouling paint (welded

specimen)
coated with anti-fouling paint

B
C
D : only pre-treated

only pre-treated (welded specimen)
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Photo. 14 Appearances of 5083 alloy specimen only pre-treated after 3 months tested in Kobe-bay.

left : surface contacted with sea water
right: surface contacted with the barge
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Determination of Phenol in Integral Color Anodizing
Bath Solution Consisting of p-Phenol Sulfonic- and
Sulfuric Acids by Kinetic Method

. by Sakae Kato

A procedure is described for the determination of phenol at low concentrations up to
0.59% (w/w) in p-phenol sulfonic-and sulfuric acids, namely SUMITONE-S bath solution.
The method depends on the reaction of monobromination of phenol by bromine from
bromate-bromide-hydrogen ion system. The most suitable working conditions have been
selected on the bases of kinetic studies of this system with respect to the reactions for
the monobromination of phenol and a bleaching of methyl orange dye.

Rate equations for both the initial and subsequent reactions, that is, for the mono-
bromination of phenol and bleaching of the dye have been deduced, along with those
equations that give the effects of temperature and ionic strength, from observed experi-
mental results. For all of which, rate constants and apparent activation energies are given.

The interference effects of p-phenol sulfonic acid on the bromination time have been
investigated and the two serious being that caused by increasing the hydrogen ion con-
centrations and the bromine consumption depending on the concentrations. These effects
have been solved and no difficulties encountered under the developed conditions.

A coefficient of variation of 8.1 and 4.2 have been obtained at the levels of 0.109 (w[w)
and 0.494(w/w) phenol, respectively. The accuracy of the method is at least as good as
Koppeschaar’s volumetric method involving ether extractions, and the simplicity is superior

for controlling purpose that requires the rapid information on the baths conditions.

1. &

73 =y A ASORERME L U TOREREFE T
FFWALTNWD, ZOBEMNOFEINHEERL R B3R
P—D LTI NVNI=Y ABIUTVI=Y 2EeDHED
RE L Fe LB O BRI BT B D,

Ay, CRECMTAEO—EE LT, EifmoE
S H R DONWT R X AT - e HTRBED 5 o bER
FomE L THEEOB L EE 52 22 2 F -~ SERTHW
BB p-7 x /AR VR BT E ORI
BILTC, BIRD o0& B p-7 =/ — VA NVE YD
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Part 1 of this series appears in SUMITOMO LIGHT METAL TECHNICAL REPORTS, 11 (1970), 49.
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CeH5(OH) +Bro—>CeH Br(OH) +H*Br- (2)

CeH,Br(OH) +Br2~k—3>C6H3Br2 (OH) +H*Br- (2A)

Ce¢H3Brs (CH) +Br2—fu—>CstBr3 (OH)+H*Br- (2B)
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- __(BrJ [H*] )2 fBr fH+
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B D&, ROWHEEREES,
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A(ODEIXER U THE2HETED LRDL DT
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S D HIRE S RO B ENTED, 22T, Ki©
Burgess et al.? 253 B L7z 0°C #4fE 0.42 litre3-mole
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(CeHs(OH)), #n, (BrOsz™]), Rm/Ro
M/l sec Mj!

4x1078 /30 619x1072  0.914

60 5.20x10-2  0.898

120 438x10-2  0.878

180 8.96X10-%  0.866

| 240 368x102  0.856

(1=0.1)
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(1) ZRERHEE

Wil — A F vt vy VR 25ml & S0ml A 27 7 A3
CAEL, ST /) — VEEER R AR ML T
o WxiE, 0, 1, 3, 5,17, 20mD), KTEEEL,
I e FETEHRBRET %0
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BT %o

0.IMKBrOs-0.2MKBr#10ml # ¥ — » — B (& 100
ml) CEL L HBT %o '

s —A BXOVY—7s-B % Ice-bath dhicBL T
0°C I HIT %,

SR A EBIL, €2~ AOBREYY — 7~ BHRIC
—Er TRl BL, RBEMEY DL Do IIHICT
%X AEFTIERL -~ BOBWBRE Y~ 7~ AR—EIC
L2z, 0°C @ Ice-bath R THET %o

AF A Uy SHEREOREOEEMEEL THEEER
T H L w ARE TOBMETAL D, T D

7 2/ — VERIE L EAEMOBRERD 5,

9) TR

FEAF R b & SWT TR U Icis % Table 1 12

Table 1 Time for the monobromination of phenol.

Phenol concentration Time for monobromination
(M/D) (sec)
0 4.2%
0.13%10-3 7.5
0.26x10-3 14.4
0.40x10-2 21.8
0.66x10-2 39.3
0.93x10-3 55.1
1.83x10-3 80.1
1.73% 1078 100.8
2.00x10-3 120.8
2.26% 1073 137.3
2.66x10-3 163.8

* Ti,i'p'e required for the bleaching of methyl orange dye at the
concentration of 1.02x10~5 M/! as a indicator of the end point of
the monobromination reaction of phenol.
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Fig. 1 Effect of hydrogen ion concentrations on the
rate of monobromination of phenol.
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and bromide ions on the rate of monobromination
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Fig. 4 Influence of ionic strength on the rate of mono-
bromination of phenol.
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Fig. 5 Effect of temperatures on the rate of mono-
bromination of phenol.
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Fig. 6 Effects of concentrations of hydrogen, bromate,
and bromide ions on the bleaching rate of red
color of methyl orange dye.
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Fig. 7 Influence of ionic strength on the bleaching
rate of red color of methyl orange dye.
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red color of methyl orange dye.
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Table 2 Apparent partition ratio of phenol between
ether and acid solution.

Solution: Voh%me Phenol Apparent
o s
tition
. 1 | Sulfuri ether found par
1;33231 Zi}ffﬁgc ‘;ci‘if_lc dissolved | ratio of
acid acidity in in ether | ,henol at
(mg/50m) added solution
g (g/30mil) (ND (mi/50m!) {(mg/50ml) 10°C
10.0 0.1 4.5 9.2 12.85
10.0 0.3 4.2 9.47 17.84
10.0 0.5 4.1 9.1 10.9¢
10.0 0.7 4.5 8.87 7.84
10.0 1 4.0 9.2, 11.8¢
10.0 2 3.8 9.2 12.1¢
10.0 3 3.3 8.9 8.17
10.0 4 3.0 9.3 13.9;
10.0 5 2.6 9.44 16.86
(Average 12.5)
0.0 5¥1 0.3+2 18.45
0.0 §¥1 0.3*2 18.34
10.0 5*L 0.3%2 27.24
10.0 5%1 0.3%2 27.64

*1 Weight as 51.74% solution.
*2  Acidity due to p-phenol sulfonic acid.
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Fig. 9 Influence of p-phenol sulfonic acid on the rate
of monobromination of phenol.
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Fig. 10 Calibration curves for phenol.
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Uiz, &R O—pF% Table 3 iRz,
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(n=5), 0.10% KIET 81% n=5) k& xiz, FlAK
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Table 3 Determination of phenol in p-phenol sulfonic
acid solution by measurements of monobro-
mination time at 0°C under the developed

conditions: (0.1M KBrO;-0.2MKBr-0.6MH*)/3
solution system.

Sample Bleaching time: Phenol found:
Total Time
time for for
bleaching | phenol
(sec) (sec) Myt %(W/W) | % (W/w)*?
Mother 107 25 1.40x10-2 0.41,
i 107 25 1.40x10-2 0.41,
solution 106 24 1.86x1078 | 0,40,
(52.049%)* 109 27 1.52%10-3 0.44¢
107 25 1.40%16-3 0.41,
Average 0.41s 0.40
Standard deviation 0.0175
Coeflicient of variation 4.2
Mother 105 23 1.30%10-3 0.387
X 106 24 1.35%x10-3 0.402
solution 104 22 1.24x1078 | 0.37,
(52.699)%* 106 24 1.35x10-3 0.40,
104 22 1.24x<10-8 0.87,
Average 0.38¢ 0.39
Standard deviation 0.0160
Coeflicient of variation 4.1
Solution 111 29 1.62x10-3 0.115
107 25 1.40x10-3 0.09
for 112 30 1.68x10-8 | 0.11,
industrial 109 27 1.52x10-3 0.105
use 107 25 1.40x16-3 0.09¢
(12.8094)*1 Average 0.105 0.09
Standard deviation 0.0086
Coefficient of variation 8.2

*1 Weight percentage of p-phenol sulfonic acid which determined
previously.

*2  Analytical values determined by Koppeschaar’s way after ex-
traction with ether.
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Table 4 Rate constants as a function of temperatures.

Reaction Initial Reaction Reacted Rate
. . concentra-
temperature |concentration,| time ¢ tion at constant,
time ¢,
(°C) A%3/7T) (BrOs73 (sec) [(BrOz™) Ky Km

(0.1IMKBO;-0.2MKBr-0.15MH.S04)/3 system, p=0.15, fBrOs~=0.76,**
for phenol:

0 366 || 3.38x1c 95.8% |} 5.42x10 | 0.52
5 3.60 72,873 f 0.69
10 3.5 50.7% ‘ 0.99

33.0% } 1.52

15 3.47 )

€0.0IMKBr04-0.02MKBr-0.15MH;S04)/3 system, p=0.015, fBrOs-=:
0.885*2, for phenol:

{

\\ 3.83x16-3 \ 8.87x10-¢ | 0.57

0 3.66 i 95.5%4 (

5 3.60 || [ 65.0% 0.85
10 3.5 Pl a8.axs 1.14
15 3.47 20,64 1.87
27 3.93 12.8%¢ 4.34

/

(0.0IMKBr03-0.02MKBr-0.075MH.S04)/3 system, p=0.015, fBrOs-=
0.885%2, for methyl orange dye:

!
| 1.00x10-5 0.61

0 3.66 l 3.33%10-3 { 98.6%4 5

5 3.60 1( 71.0%4 l 0.85
10 3.53 49.8%4 1 1.21
15 3.47 34.8%¢ 1.74
21 3.40 20.7%4 J 2.92

*1 Approximated value®>

*2 Interporated value®

*3 Average time of four measurements
*4 Average time of three measurements

FADE Fig. 10 wi Lz 0.10MH" /] otk
SoEshE 118X 54KEal o —F L iz bisl,
EME (Kt ESiEx /o) ) & A HE I 1.44 1078
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&ty 1.68X10-5 mole-litre *-sec & /¢ %, 72, 0.15M
H*/l $ L U° 0.20MH* /] okdis (Fig. 10) ©2>nwTiE,
AL 118X 121.51(Ea1‘*3r08_;}s J O 118K 216.0KEaér03_({:
— B Ui Audrs Binv, RO EEI-FIE 3.23X
10-5 mole-litre*-sec™t, 5.74x10-5 mole-litre~1.sec
LA, ZORBORBOECH L TEMDFES L D EiX Fig.
10/53.32X10-5 mole-litre L-.sec™*, 5.60x10-5 mole-
litret-sec™ ! REZ BB, Thwpz, ZIZRkdiz Ke
DR E TSRO IEEO B 72 1 B ARSI AU
TholcZ EHFEBLUINIHEYTHLEEZ DN D,

RS i K O E T & A% (kiz Arrhenius
ORTCHEZ2BND,

K=Ae—2H«RT (15>

0.6 \\\°‘

A
\

o A

0 )

\

k)

3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4
1, Tx10®

log Km

log K,

System Slope (tané)

O : for phenol,

(0.IMKBr0,-0.2MKBr-0.156MH.S0,)/3 —2.6
@ : for phenol,

(0.01MKBrO,-0.02MKBr-0.15MH,S0,) /3 - 2.6
/\: for dye,

(0.01IMKBr0,-0.02MKBr-0.075MH,S0,)/3 —~2.5

Fig. 11 Relation between logarithm of rate constants
and reciprocal of absolute temperatures.
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= )

i, Km=Kntnfsim, Kmit #Fri+vrI4E
FEOEARISICET AEEER, am fsim XA F VA
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(18) D {LHERORELZE L CARIGH Y aBro, 14
BELTRELERTES 5,
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FISIDOWTCRD TIENESTEL D L\ EEET %,
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BrOs~+Br-+4H* 4+ 2HA—>2BrA +3H,0 (18)
Fig. 8 R LI A BEEOEHEE AT A7) itk
NRDI-HEEERE Table 4 WPt L7z, 72720, FBR
G am= ((Br=) [ (BrOz~)) ((H*) [ (BrOs—D!-5=
(2) 515, Fsiam= (0.899) (0.914)1-5 | (0.900)2-5=1.02
(p=0.0D% %M\ iz,

¥, AL - TEbLIND loghKnm vs. 103/T o
BEfRA R Fig. 11 it Uiz,

WG, AFF vy SYRE L EEEOMICIIRO
BE R

Rotm)=5.6Km(BrOg -4~ oo — (Dye) (u=0.0D
n(m)
1))

PELEETHZ I ADT, FORARBROERE 1.02X16
Kmads, =B L d gl b, BEROFHS LY &
i, AZRBEW oW Fig.6 A a5 1.78X10-5 mole-
litret-sec™* ¥ L O'BRisw D 0.05MH*// 13 Fig.6 B
2B 2.83410-7 mole-litre~t-sec™l L7t h (R BHODSR
ik, Fig.6 A IO 6BRRLIMBDOEEEED T,
AFNF vy SHRIRIRUSE & T OEAMMOBRIE—RK
THROIND) . ZHEH U CHREERE AW RE,
A BB DNTIHE Frian =113(p=0.1)% % AT 3.71
% 10-5 mole-litre~1-sec™, ¥ L U’ B REBERICDOWTE
fricm=1.02 % i~ T 2.01x10-7 mole-litre~t-sec™t & /¢
Do ‘

AFRBERICOWTCHIA L DIE L HELE OMiz K& <
H AUy, ZTdEESHEN p=0015 OLHCRDdi
LOTHBHZ L, FRARBBEECBNTULAF VA VYT

L

{ /

L)/
Vs c

Bleaching time, sec

| .
Lo~
4 /0/ D
fi:&’#&;/a?,Ay/
2
0
0 1 2 3 4 5 é 7

Concentration of methyl orange, X10-5M/{

A : 0.016MH*/I, “Bleaching time” for this curve read
multiplying the time by 2.

B : 0.033MH*/!

C: 0.10 MH"*/I

D : 0.20 MH*/L

Fig. 12 Bleaching time for methyl orange dye in various
hydrogen ion concentrations.
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Fundamental Study on Roll Forming Process (Rep. 1)

The Effects of Strain-path and Redundant Strain Components

at Deformation Process on Shape of Product

by Hiroshi Kimura

In the cold roll forming process, not only transverse bending strain necessary to make
up the cross-section but also various redundant strains occur in the sheet metal, and the
each part of the sheet metal proceeds from a pair of forming roll to another passing through

complicated strain-path.

To examine the effects of strain-path and redundant strains on transverse bending
deformation theoretically, the stress distribution occurred in the sheet metal was traced
by using the strain incremental theory, according to the experimental strain-path.

It is found, as a result, that the stress distribution calculated is quite different from
that of simple transverse bending without redundant strains, and generally the spring back

moment is reduced in its value.

Consequently, it is confirmed that by the effect of redundant strains, the intensity of
spring back is reduced and the profile of the product is improvod.

. FANE

2= 7 45— 3 v te — vEd% - Cold Roll Forming
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HERHEEDOEAN &7 VAR E LTI O AL DWW TEHH
BE R INLIZLY. b, T TRRERIC D DM
2F1 0 v — VETFER A & 2 2 v FREISEE B s
5, BEEEIRRT L D RFHE o8, 8T
yigh, WEFAC 2z AL BbDETH, TUT, FHRA:
TOWT ¥y FE—RICBYRITF RS L Oy FE - x FEo=

#i—1 Stand

#i Stand

aOanaasy

Fig. 1 Deformation region of sheet metal dividéd into
two regions: A; is region between upper and
lower rolls and B; between forming roll-stands.
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Fig. 2 Schematic diagram for division of transition of
surface strains.
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Fig. 3 To discriminate whether the stress state is
elastic or not for the (i+1)th state.
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