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1.

Investigations on the Protection of Corrosion of Ships

Abstract

Studies on Insoluble Anodes for Cathodic Protection

Anodic performances of Pb and Pb alloys including Ag, Sb or As as insoluble anodes
for cathodic protection have been examined in artificial sea water.

The results obtained are as follows:

(1) Addition Ag (1 %) to Pb improved anodic performance and further addition Sb (8 %)
or As (1%) to 1% Ag-Pb alloy showed the best anodic performance.

(2) Anodic dissolutions of these anodes depend on current density, at low or high current
density, anodic dissolutions were appreciably large. The most suitable current density
was 1 A/m?2
The Trial Reference Electrode Capable of being used in Automatic Controi Systems.

To examine the characteristics of reference electrodes consist of zinc or zinc-alloy
immersed in sea water and of silver wire covered with melted silver chloride, the stability
and reproducibility of the potentials in these electrodes were measured in artificial sea
water, and also the disturbances in potential caused by the flow and dilution in sea water
and by the contamination with dissolved hydrogen sulfide were tested.

It was consequently concluded that a steady potential reproduced in zinc-alloy electrode
prevented from flowing in sea water with loose liquid-junction material, and that silver
chloride electrode directly dipped in sea water could be used as stable reference electrode
under such a condition that sea water was not practically diluted.

Researches on the Necessary Quantity of Anti-Corrosive Electric Current

The required quantity of anti-corrosive electric current varies considerably with the sur-
rounding factors, such as the quality of the paints coated on the hulls, the type of the
vessel, the specification of the propulsion system etc. and especially the condition of the
vessel whether it is at sea or at anchor.

We carried out the polarization tests in laboratory arrangement and several vessels.
The results of experimental tests are shown in Table 3. 8.

In this Table, another test result with rejuired electric current is also shown.

Cathodic Protection of an Active Ship Using a Trailing Aluminium Anode

This experiment was carried out on stand points of the adaptability of the instrument

proposed here to active ships and of comparison with the protection by zinc anodes.

One of the peculiarity of this instrument is that soluble trailing aluminium anode being
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sent out automatically is installed.

According to the result of the experiment, the adaptability of this instrument to active
ship was appreciated to be good, and it was shown that perfect cathodic protection in low-
er cost than by zinc anodes would be expected.

For this ship, 15.9 amp. were required to keep ship —0.8v under the condition of light
loading and 11.5 knots sailing. This coincided pretty well with the result of experiment
by zinc anodes.

Researches on the Automatic Controlled Impressed Current Apparatus

Investigations on cathodic protection by means of the impressed current method were
conducted on board the tug-boat “Nagata Maru”, which was fitted with three kinds of an-
odes, i. e., graphite, high silicon cast iron and magnetite, with the object of making a
comparison.

These experiments were conducted during a period of about two years and the follow-
ing conclusion was obtained.

It is earnestly hoped that an automatic controlled impressed current apparatus will be
developed for the protection of ship hulls.

So we developed an impressed current automatic controlled apparatus adopting ther-
vomotor-slidac system, and we tested it at laboratory and under field conditions.

This apparatus has three circuits with which three points can be prevented from
corrosion at the same time under the conditions mentioned below,

(1) three potentiostatic condition only
(2) three galvanostatic condition only
(3) combined potentiostatic and galvanostatic conditions.

Three circuits can be controlled at any potential or at any current within the ranges
which are 0-2500 mV and 0-5 Amp. respectively, and 1/1000 scale of designed performance
can be read directly.

Corrosion of Painted Steel Plate by Sea Water

Vinyl paint is superseding oil paint as ship’s bottom paint. The characteristics of
vinyl paint film are better than those of oil paint film. However, there is a fear that,
when some part of paint film happens to be defective, heavy local corrosion developes in-
tensively at the defective part, as is often experienced on ships in service. In order to
prevent the hull from corroding, cathodic protection is widely adopted along with the use
of anticorrosive paint. This method has proved effective, but there still remains a problem
of deterioration of paint film due to the hydrogen that will be generated between paint
film and the steel plate surface when hull steel becomes caustic, incurring blistering and
peeling of paint film. We investigated into this problem by making in the sea 6 to 7.5

months’ immersion and rotation tests and 5 months’ continuous cathodic protection test.
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This article deals with the effect of oil and vinyl paints applied on steel plates upon
corrosion of the plates and the effect of cathodic protection upon paint film damage and
deterioration.

The durability of paint film of vinyl paint in sea water was good, but corrosion was
apt to concentrate on the defective part of paint film. The pitting of vinyl painted plate
was about two times as deep as that of oil painted plate. However, the application of
cathodic protection with the use of vinyl paint even when the protected supply potential
is as less noble as ~1.0v (vs. S.C.E.), had little possibility of blistering and peeling of pa-
int film. Another advantage was that the required current density was only about 3mA/
m?.

It is considered to be very effective against corrosion of the steel plate to apply cat-
hodic protection together with vinyl paint to the steel plate, because with cathodic protec-
tion, the above local corrosion can be prevented, and because the cathodic protection has
no ill effect upon the deterioration of paint film.

Plastic Paints for Bottom of Ships

In spite of the resin coating being superior to other ship bottom paint coating to pre-
vent hull corrosion, it is not used in popular. The test of the practical use of resin coa-
ting was carried out on the "Musasino”, an experimental ship of Transportation Technical
Research Institute.

The results of this test show that the resin coating is very effective in spite of some
paints remaining unsolved. To confirm this fact, it is necessary to carry out further expe-

riments on actual ships.

8. Corrosion-fatigue Damage of Mild Steel

Corrosion-fatigue of mild steel by reversed plane-bending was investigated. The damage
due to corrosion-fatigue was expressed by the change of bending moment during testing, or
the impact energy of the specimen which was subjected to corrosion-fatigue of some re-
stricted number of reversals of stress and then tested in the impact-tension testing machine.

The damage is due to the small cracks on the surface. The cracks are small in num-
ber, but spread to fracture quickly at high stress, and when the stress is low, they increase
gradually in number and dimensions. The damage due to corrosion-fatigue is about from
several percent to fifty percent of life, which is supposed to change by stress level, at half
way of the life of the specimen.

The similar result was obtained by the change of impact energy of the specimens

subjected to corrosion-fatigue.
Impact Resistance of High-Strength Steel after Corrosion or under Cathodic Protection
Impact tension tests on the high tensile steel specimens (tensile strength of about 50

kg/mm?) after corrosion or under cathodic protection by impressed current were carried



out. The durations of corrosion or under cathodic protection were t,3,6 or 9 months and,

under cathodic protection, the potential of the specimens was maintained at —0.8, -1.0

—1.2 or —1.4V.

The results are as follows: —

(i) The effect of corrosion or cathodic protection is scarcely observed at 3 months. But.
hereafter, the longer the duration the lower the impact energy and the impact tensile
strength, but the contraction of the area was not affected.

(ii) Impact value decreases with the potential under cathodic protection. Impact tensile
strength, however, is influenced littie.  Therefore, the cathodic protection of the steel
should be carried out at the potential as high as possible to prevent corrosion.

10. Low Cycle Corrosion Fatigue of High Tensile Steel
Under rotating bending (of frequency about 140 cpm) low cycle corrosion-fatigue tests
on the grooved specimens of high strength steels were carried out. The corrosive used were
natural ses water, which was dripped on the groove of the specimen at the rate of ccf
min.
The following results were obtained : —

n LogS-—logN relatoin is shown by a straight line in every kind of steels and the dete-
rioration of fatigue life by corrosion is also observed even in the low cycle ranges.

(2) Under an applied load, the failure of the specimens occur at the same depth of crack
in spite of the environment, in the air or in sea water, of the specimens tested.

(3) The rate of propagation of fatigue crack seems to be slow at the small number of
reversals of stress, but gradually increases and then, fracture suddenly occurs.

(4) The relation between the nominal stresses, number of reversals of stress and the depth
of crack at fracture may be expressed by a curve.

(5) It is supposed that the deflection of the specimen and the depth of crack is dependent
each other, but from an example in the present tests, the relation between them was not
clear.

11. Researches on the Prevention of Corrosion of Cargo Oil Tank
What kind of paints are suitable to prevent corrosion of cargo oil tank is tested. As
laboratory test, we prefered to continue cyclic immersion test of sea water and hot crude
oil alternatively at intervals of two weeks.
In the other hand, we examined the test specimens to immerse in the center tank of
Shinanogawamaru (Kawasaki Line 33,000 D.W.T.) for about one year.
According to these tests we found the following results.
(1) Both the laboratory test and actual tank test are concordant fairly.
(2) Good results were obtained in following types of paints.

Poly urethane resin
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Poly vinylidene chloride resin
Epoxy resin
Epoxy coal-tar resin
(3) Poor results were found in such types of paints.
Zinc silicate
Poly vinyl chloride resin
Oleoresinous paint
In conclusion the epoxy coal-tar paint was shown to be excellent comparing with the
others, both in working property and in lower cost.
12. Some Experiments of Anti-Corrosive Paints in Application to Water Ballast Tank

Coating

In order to find suitable paints as water ballast tank coating, some experiments on land
and in water ballast tank of actual ship have been carried out during about one year.

The tested samples are 32 kinds of anti-corrosive paints in market for land test and 11
kinds for ship test.

The methods of land tests are as follows.

a. An immersion test in sea water during about 2 months.

b. A salt-spray test during 400 total hours with cross-cutting.

The ship test had been carried out during about 6 months. The tested ship is 20, 000

D. W. bulk cérrier. The water ballast tanks used for coating test are top side tanks.

The results of tests are as follows.

a. In the samples of ship test, coal-tar epoxy resin coating and epoxy resin varnish are
most suitable paints as water ballast tank coating.

b. There is the same tendency in the results of ship test and the score of anti-corrosive
effect of land test. In the selection of the suitable paint types, we may select them
based on the results got from land tests. But, the actual value of durability of coats
is less than the experimental value of that in land tests.

c. It is necessary to take off mill scale completely and coat wash primer before coating.

d. It brings good anti-corrosive effect that galvanic protection method is used together
with coats of coal-tar epoxy resin coating.

13. Cathodic Protection for Corrosion of Oil Tankers
Cathodic protection is the most practical and generally acknowledged protective means
for tank corrosion, and preference has been given to the use of magnesium anodes. We
suggest that the use of zinc alloy anode is to be considered rather than magnesium anodes,
because of their cheaper cost even though their performance is somewhat inferior.
We carried out the performance test with zinc and magnesium anode at sailing vessel.

The test results indicate that the current out-puts of zinc and magnesium anodes is some-



thing small compared with design current outputs.

14. Researches on Aluminium Anode as a Protection Method of Ballast Tank

As aluminium alloy is the most promising anode among various kinds of galvanic anodes
from economical point of view. We have tried to make performance tests on many kinds
of aluminium anodes.

Al-In-Zn alloy anode is found to be for superior to other kinds of aluminium anode. We
used this kind of aluminium alloy anode to the ballast tank of oil tanker.

The aluminium anode is effective in ballast tank, but we must pay attention to the
shape of anode and anode current density etc.

15. Researches on the Use of Water Soluble Inhibitor as a Protection Method for Tanks
of Ships.

The use of water soluble inhibitor into ballast sea water is generally very expensive,
since a fairly large quantity is required and its recovery is almost impossible, therefore, it
i1s economically inferier to cathodic protection. However, a certain kind of floating inhibitor
18 quite effective for the corrosion control of a surface above the water level and another
kind of water soluble inhibitor for a space of residual ballast water, and in both cases
cathodic protection can hardly be applicable.

1. Four trial tanks were filled with sea water, and in 3 of them a small quantity of sea
water soluble floating inhibitor was added. These tanks were floated in a pond and
subjected to pitching and rolling.  Observation of these tanks regarding corrosion effect
on plates near water level recorded in Table 15.7. The effectiveness of the inhibitor was
remarkable.

2. The effect of a water soluble inhibitor when added ‘to crude oil containing sea water
was observed in an experimental tank. The test results are shown in Table 15.8. The
inhibitor has proved effective for the prevention of pitting corrosion on horizontal surfaces.

16. Determination of Sodium, Potassium and Vanadium in Residual Fuel Oils and

Combustion Products.

It has been widely experienced that the oil ash corrosion and deposit built up are the
important consideration and present a real problem in the design and operation of marine
diesel engines and marine boilers using residual fuel.

Above mentioned corrosion and deposition are caused by the presence of sodium, potas-
sium and vanadium in the fuel. In order to prevent these undesirable effects and to
select suitable fuel, it is necessary to determine the respective amounts of these elements.

In this report, several analytical methods are investigated and two of them are estab-
lished as the accurate means of determining the concentration of sodium and potassium
by flame-photometry and vanadium by absorptiometry. Both methods are available for

routine analyses of these elements in residual fuel oils.



17. Protecting Effect of Ammonia Gas to the Monotube Boiler Fire Side Corrosion.

The ammonia gas injection to the flue gas is effective to protect the corrosion on the
economizer and air-heater tube of the ordinary boiler. In-the present paper, results of the
monotube boiler are described.

The ammonia gas was injected between the 2nd evaporator and the economizer zone.
The adequate rate of the injected gas (0.02% of the fuel flow rate) lowered the dew-point
of the flue gas to 40°C—50°C. In this experiment ammonium-sulfate was not detected in
the scale on the low temperature zone tube.

18. Effects of Additives and Impurities in Fuel Qils on Fuel-fired Deposits.

Some of the impurities in fuel oils and their additives are known to exert often remark-
able effect on the corrosion phenomenon. Of these active contaminates, the sulfated vana-
dium slag is known to be the most influential.

It is the major purpose of the present research project to find ways and means to
counter the malicious function of the sulfated vanadium slag, and the - present paper con-
cerns itself with the influence of various additives (MgO, AlL,O; ZnO, MoO; and GeO;) on
fuel ash corrosive attack on a 20 Ni-25Cr heat resisting steel (JIS SEH-5), the fuel ash
being synthetized in mol ratio either NaySO4: V,05=1:1, or Na,S50,: V,05=1:3.

In one series of experiments ih which a number of specimens were involved the weight
loss was measured at predetermined interval in usual technique, while in the other which
used only one specimen throughout, the loss of oxygen in the surrounding oxygen atmos-
phere was continuously observed. The temperature of either test chamber was mainta-
ined at various temperature above the malting point of sulfated vanadium slag concerned.

‘From oxygen consumption technique, it was found that the activity of corrodent varied
with time. This phenomenon was considered to be due to neutralization or consumption of
the corrodent revealed by the mode of changes in oxygen-consumption rate.

The additives were found to be ineffectual for protection when their presence is in
lower range, such as may generally be given by V;0;: Na,SO, : Additive=1:1:1. However,
their protective action becomes appreciable when present in quantity such as 1:1:3.

19. Ammonia Injection Method for Preventing Dew-point Corrosion.

In the oil burning boiler the damage to air heater tubes caused by the dew-point
corrosion requires the renewal of about 109, of these tubes every year. With a view to
obtaining the accurate data for the use of ammonia as a corrosion prevention method, we
made researches in the following:

1. Draft loss.
2. Relation between feed rate of NH; and protection efficiency.
3. Dew-point.

The results are as follows.



The addition of NH; of about 0.06 wt. 9 on fuel oil can prevent the dew-point
corrosion.

The draft loss is at its minimum when the addition of ammonia is about 0.02 wt. 95
on the fuel oil. To measure the corrodibility of flue gas, an automatic recording dew-
point meter is manufactured for trial, which has given a satisfactory result.

20. Corrosion Prevention of Heat Exchanger Tubes for Marine Boilers.

We have often experienced the early corrosion problems on heat exchanger tubes of
marine boilers by oxygen on water treatment additives. Moreover operation temperature
and pressure of these heat exchangers are getting higher and higher.

To solve these problems we experimented on the durability of cupronickels as the heat
exchanger tube materials using autoclaves and furnaces.

From the results of these tests, we concluded that under service conditions the heat
exchanger tubes of marine boilers were heavily influenced by oxygen. These results may
be of help in case of selecting materials and protection methods.

21. The Method of Test and Corrosive Wear Test Countering the Corrosive Wear of the
Cylinder Liner of Diesel Engine due to Sulphur Contained in the Fuel Oil

The wear of the cylinder liner of a diesel engine is aggravated by the fact that the
corrosion due to the combustion product (mainly H;SO,) caused by sulphur contained in
the fuel oil co-exists with mechanical wear.

The appraisal of the wear resistance of the cylinder liner material, however, is conduc-
ted exclusively against the mechanical wear, and for this reason, such an appraisal may
not be considered appropriate.

Accordingly, various methods of laboratory tests have been compared and studied, with
the aim of discovering a method of test, which may satisfactorily coincides with the tend-
ency of wear of an actual engine.

Moreover, various cylinder liner materials have been tested through that method, and,
thus, fundamental data for the improvement of cylinder liner materials have successfully

been obtained.
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Table 1.2 Test Result of Anode Consumption at 1.0A/dm?
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7 | ‘ :
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Table 1.2 X Fig. 1.3 OF&E» AT, HEAMBOMKERA TR, Pbizxy s Ag 72X
Sb OEMRBRRICH LTRMOBDERAZ LT, LA No. 3 BERTIRBEECELVER Z £
h{EHERH LRI,

LH L, 1.0A/dm? OEHRHERE TIE, 0.1A/dm? OB U TR & bR 1/10 BEIC
BWAOL, RERGE LTHOAR LS 22 &M o7,
1.4 5 2 R B
F 2 HRBIC BT, B 1HRABRORE L HEREETEL L L LI,
7o 1 BORFIC OV THRETR - o BRI E 168hr IR L, A EAEIREJZBIEIL
@mEEHC X o THIE Lz i@ » il & Ao BB X -7,

1.

ZEEHZ oV TR TR % Fig. 1.4 (/R

1,000
900 N02 Pb-0974y

80CH NG4 Pb-8.085b
7001 NO5 Pb-0.854-2035h

6001 NOT Pb- 114Aq-1.08As
500F

2

300

~y
=
=)

100

0
-100
-200

4.1 [RoRRh R

NO4 Pb

N03 Pb-1.97Sb

No.s

" NOB Pb- 095Aq-1845h

z 1 A 1

BATH POTENTIAL (V)

1 i 1 1 1 1
001 02 03 04 05 06 07T 08 03 10
CURRENT DENSITY (A/dm?)
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Fig. 1.1 L A < 0.05~0.07A/dm? P ER BV TAREBELIC BT T 20058 bihvi,

1.4.2  1.OA/Am? {T 357 5 BER (07 1t

FHHEAITO & 1.0A/dm? {2 5\~ T 168hr #kigE L7c b & ORBAER £ #6845 LT Table 1.3 {2 7R L,
7 ZOGEIT BT 2 REEORERLILE Fig. 1.5 12R¥,

Table 1.3 Test Result of Anode Consumption at 1. 0A/cm?

Test _ Weight loss (g) - Weight of - Theoretical Cl';a’sce of . Efficiency
Kind of Anode Corrosion  Corrosion - Anode ; Consump- tl:l Ump= ¢ Consump-
No. product product i Crust(g) © tion (g) /‘°’.}h ' tion %
. | attached  takenoff | | o g n} T
‘ | ‘ ! N
1 Pb : 0.0527 0.3502 | 0.2975 | - — —
2 Pb—0.97Ag 0.7489 ' 1.2932 0.5443 ! 29.832 15.4 4.3
; ‘
3 Pb—1.97Sb 2.0762 2.4637 0.3875 | 27.617 29.0 8.9
4 . Pb—8.085b 2.0461 2.4180 0.3719 29.068 28.8 8.3
5 Pb—0.85Ag—2.035b 0.7134 | 1.5544 0.8410 12.833 18.3 12.1
i .
6 Pb—0.95Ag~—7.845b 0.3833 . 0. 8077 0.4244 34.942 9.2 2.3
| ' !
7 Pb—1.14Ag—1.08As 0.0857 0.4645 0.3788 34.099 5.5 1.3

LSRR TIIALR L ABRERERA Y, # Pb fixEGHBoRcEZREBEIOKE L T
b, BEEIF LKL,

ZNIZE L, No.6 XU No.7 OBMTREBESLTE LLBERL, LhbEREIMHO b0
HULT/hEL, REBTEMRE UTERICERERR Ui,

1.4.3 3.0A/dm* OEFFEEIC BT D 5MOEHYE

HRAFIC o & 3.0A/dm? OB EEIC BT 168hr ki Lic & & D REER & %45 L T Tablel. 4
IR L, EmEBEORERZELE Fig. 1.6 iR,

No. 7 YN0 FEMRIZ Fig. 1.6 CH 6N 2 & HICERHO 5 bitiBloREVWRERESER L, B
BEOE LWHEAER LT, BROBEBAIUREL o7t L L No. 7 BfiE, ZFE L BERE
FRTE L GIBBENINEL, Tok

NO4  Pb
5 g 1 35 s S NO2  Pp-087
HSBEEREECBYTHOAEETRE N8'3 Pb-LS'ég?y
— N4  Pb-B808Sb
LTREFRMRELR L. :182 ;b-%gSAq-ZOSSb
i 6 Pb-095A9-184Sh
1.5 #& Fr 1 NO.T Pb-,LME-I.SMS

1) Pb %7k PbA4EMX, 0.1A/
dm? DIFOBBEHEECHER T 5 &
BIRENRKE .

2) Pbiz Ag 2T 5 L5 & L
ToOWEEL LS ¥ % 7%, Pb-Ag
FFIZ&E 6T Sb (8%) ZiE As

TIME (hr)

(1%) 2RMTsL—FHEE LY , .
Fig.1.6 Change of BATH Potential under 3.0A/dm?
HEEZRT. Current Density

BATH POTENTIAL (V)

NO.7

~~~~~ S e T B - T B,

72 96 i20 124 1%58



3) HEMRAHO Pb 4443, 10A/m? OEHHEEME CHEHTI008EE Lve ZhllED
EEREE T2 Pb—1.14Ag—1.08As O AR BITFA MBS T Uiz,

Table 1.4 Test Result of Anode Consumption at 3.0A/m?

.

Wei
| Test Cff“?‘”f eight (g) Weight of |Theoretical| Solution Rate of
i Kind of Anode Anode Consump- (® Solution
: ‘ Before After - : :
: No. Exclusion | Exclasion Film (g) tion (g) Veloicty %
7 Pb—1.14Ag—1.08As 0. 3147 0.9971 0.6824 100. 2 11.9 0.98

¥ KRR MO

HEPbHT, AgBEEN1L1% DTS rERis LT3,



23 HEBFEM R FTRE D ZERE R O ALE

Fgny Y5 T ¥ WK B

2.1 #& =

T L OELASn b I H{UR EHER S SRR E kP CIEEMR L LTHEMT 23546 O
PRET A7), ThbOMBoGNoREE, FREZREL, &5IBKOMREB X UKL HaS
2k RSB RIETELRR LI,

ZOFR, THOSERISCERELE L TEKRE LivX e 5 L ERBLEEERL, —
HF RS KRR O BB b A v X 5 AR TRHEEEKMCRF LTERATE 2 L v
H fhER L 13,

2.2 # 1

VAR AL 2 Bl USHBAIRE 2 & T 2 -0 I R E R BB B2 BT, EHBIRER
Al b UIEILBERE S R BR KT CRRE SRR o HEERYE LTERT 5
Lo B Uz,

23 £ B k& ®

AT HEARAIC IR U 8 ot B LEEROEA R R EH B X CEgEte v THIEL
oo WEIFOMAORIE TR # AT K ©EERSER (BXR2040rpm) v CHEE LY,
A 7. 5m/sec OFHETHEMOELEBE Lic,o

2.4 EBERBIUHER

2.4.1 ¥ 6
EEETRY (99.99% Zn) L EERAE (Zn+0.59% AD R¥EATHEAK (25°C) i BiftL, #TF

LWL S 2 FEREZS 2 CTHK 660hr (2 bz D BRIt % Bk Lc 558, WHFRRREN Bk

ZEAD Ui IR D B TS O EATIE — 1020~ — 1050mV (SCE) T Y, FHEEAGOEME -

1040~ — 1060mV D{E R Liz (Fig. 2. 1), &b ZNLOBAIXHKOEEIS L pH X 2 h £

WSO oy agep ca—d~- oot ceLL

——9999% Zn
-3 = Zo+0.5% Al

-1100

\
<
[31)
<

-SEM} GLOSED CELL

NATURAL POTENTIAL OF ZINC wiV (SCE)

!

1 ] ] 1 ]
100 200 300 400 500 600 700
TIME (hr)

S

TFig.2.1 Change of Zinc Potential with time Continued
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L 15~50°C, 6.9~8.4 DRTIXEA EZLLE VT LA LTz, F7 HyS % 10ppm FREZM L
7K ROBMRERAES TR EBROEII LA YL L o 2, EHEES T I 10mV &
BEEETBI LD -1,

FENEMR EReT O HUEER » L CEERBEKPCBEELTERT 2 L E0BMEHZA S
w,Alﬁm¢f3$~1&mwc@%ﬁf@%ﬁ%%ﬁmw B & BRSO B E R U 7 f
B, BHBIOHEASS L LRI EIEITE L TA0~60mV BEERBMNEZRTI L A&
bz (Fig.2.2),

2

Ny —— 99.38% Zn

s (SCE) e
§'1060- _____ Zn+40.5AAL/
=

S-10d0F, —— .

5 . !

&-1020f \\“K\A
&-1000F N

S 1 (e

=-980r 0*!-—3.9-!-—5.41——7.5‘_!'- 0 —~~—75~—54~39~+0

0 15 30 45 65 80 95 110 130
TIME  (min)

Fig.2.2 Relation between Zinc Potential and Flow Velocity.

F I HRBAIK CRRE N B HEDOBME
By B LR, KPS0 LItRiRsh
BETCRHVThOBMICLFEA PERED S
hixhofken, /10 Y EBREN 5 LELM
DEFH~DEBDRD bhiz (Fig 2.3),

PLEDEBER D & B HAEEMRE LTHE
B3 5856, HKRCERRE L TERRE
£ 5 S LHIBKORIIC & 5 EAET Y RMMMMWNMWWWHMMWR
BRARVILRBEYTHY, o THRMPHEL e TORE R i
BUEBEICEVIKR T Ul R B R SPEGIFIC REGISTANCE
AEMBREOMD L D 7 OBEILELE Fig.2.3 Effect of Diluted Sea Water on the
= Ui, mﬁ@}@“ﬁ@ B . Natural Potential of Zinc
ErLvOKEMER, b, HIA® (Znt+0.5% A) 2BREML LTEHATH4, £ 0 F
AL — 1040~ —1060mV (SCE) Th 5,

2.4.2 E{VERTERR

HAEBACRERIC OV THT & AROHREIT R - IR, ZOBRTRIEABROZENTE LA
& CEBAL L HIKIEE & ORI BEIRRED b h, HABIOEICRRENh 5 & BAIXK4SmV &
KR BEENBON (Fig 2.4), EEEABRCIIEILREESE LB BMRERTERIZE
THH0.5mV DEFEZRTIBBE 8 27, HLREEE LEBIXKOEFHO I HBEEN
HNBEMAEH LTH 20mV OB FR Y RTEANRD -,

o THEERRBERIELOGS LI FCEREREE T R RAALEER L LTH5 D28

— 7 —

mv (SCE)

o Zn+0.5%Al
% 99.99 % Zn

-1060

1
>
=
o

X T

[e]

o
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- 1 [N R | (e |
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BTHDD, HKBROEBODLEVEECHE om
& (SCE)
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RATIO OF DILUTION OF SYNTHETIC SEA WATER

HITE BBAICEEBIKAC R LTHR: O g0} 3
Me LTHEATZZ L LTS Y, TOFY o T0F
WBALEO~9mV (SCE) Tha v 5 fme 560
. S 50F
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= of
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Fig. 2.4 Effect of Diluted Sca Water on the
Potential of Silver-Silverchloride
Half-Cell.



B3F BT E B & E W O B R

FBAEM Y AR T AR BE 58 PR

3.1 #%
WA Z R 2 B2 0 ERLFRIEET 28N L <, ThLREVIZEL LT\ 5 2 BRIk
H BT LIATAET, RRCKY 5505 ERRINTRD 5720iciy, [) EMICEET BB Ro%
HERWR & A BAOBRERD 5, 1) EMOBROMIRL ¥ RETIREZ T UCHEERN & OBEGRY
Koz, D) IBHARETR D, FOFERD B, FlE) OFEIC X 2EMEHREZTRIL L bIC
HERERE T o7,

GEOMER R ZORIBO WA LHEY, REORTELME 52 HITH N D, Band
Bz LTEHOTRERPIBLEN T D, T OO SBALOMEEY L LTy 57®), 5
FHIE PRSP b0 RERI RV L HICEEEN TV 3, L LEVEE TR, BB RREEam
MERDDZLEZHAML LebDTHI2 D, BENIZAGORBLILE- T, BAHCEEE LTS
Wich o, ¥ rOBICAMAL 5 BGEEATRLIROME R Lic b0 2 L.

3.2 % B H F

TP ABREEE T Fig. 3. 1 IT/RTHY Th - T, 500X400%300mm o R & > 27 o fIE R [EERO M
WELRIHBORBRF LI, chEE— 2k VEESER, QR 7 r R7 0OBRBEETE D
D ThHD. HEREREWES R 505, WBTebhTw3L 5 hAKEEEHsS T3/, &
BRREH P T L L VFBEOREEZ I B IO L LD TH B,

]l

T OFETIRERNIERO RGBT A mA METER
U RIBIC 2 50 SRR OIGA IS4 2 30 L C 7] e
RORHSRARR & TR ABERH & 0 3HAI L, o J TARIGLE RESISTH
DHBUMIEEREZB L CGUESNC I VEEIL  cuomeLcey " SALT BRIDGE
Tro HRERAMITR 15cm o FiEHC, EEB .
IR =R V3 R) T 2 FARMIER ﬁmme BRUSH
FEAFFTUTHsE2 LT B, BRERTIRY 1 A 1%
7.5em, E&ldem C, Lo WK OB EIRE TEST PlECe
AN M LT B0 ABREE o IR 25 —= o
T —FIT & o THHED BRI T Lic, S INSULATOR
*ﬁ@i@jﬁ‘i Y GCIE ¢ {ﬁ}fﬁ XHT % Mn Fig.3.1 Test Arrangement

TIEEML, RO KMBLEM Uics FITTRKEANR L.

RMHABRIATIOREM LS Lo’ 2EH L. KMOFHDOH v 7Y v I € = AR E AR, 7
TRATy 7 CEBLICHAN VEER Lic, 27c80k®, 75y FBRERTEMIC T HF VRIS RE L
oo TERTHRMEBZERR LB TE Lit, BEELIcdh & MK L 8RAT 2 0 BREBAICE > TV
T & BHERR Uico ABRIIME L TR L B4 C3RAER S 157 - 7.

_9,__



33 & B B &,
3.3.1 g R B
RO BN MBOTREATHERD DI Lich b, BEOK DR EE LIDREBTO SR
PREERD B Z LT Lice 207l b R E HE Lic, BRI IRRTIMO e M Is b =~
F U IBRRFT B 6, EHREEAL, Capacity 4 & VEENET 5. 2O OHBRIEICIHR
HHESRE - TL 3. ZOBERDIMICIREVWARFINE LS, LA UVEER LAV THE
KB IPOBLDOKE VEE & TR LE S T L7c B0 2o LM & WIRB T3k
oTee BEROKERIIRNO LB TH o,
a. Mn 7 4
Mn FF5HOREEREIT £ ORHEORIBIZ L » THELBHEN D, BivTo b o & EEEFRHRER
R L7e B0 B T2 D REVENR S UM OPARBEFEOTLTBIBIES TH
%, HEIREBOMHE B o B -HBRAR (A), Bivicdh L 3 BiY, 10HRR X U30AH
ML OREBIZBHNICRERAR (B, CHIUD), HS fhiciI0 AR U TR i BRIt
WofdF LicEBRMR (E) 28/ L,
ThHREBA & Vv CE SEUMOBHRERE T o7ce BEBOMFE Table 3. 1oL BY T
bolce REE BV TH - IHBMNK A DBORUKEE LORE VD, HRIERR T
WRTRREC S ot ERERERIEX Y FHE Lk 5 L AFNEHIEE U 8 LEkER O 5

Table 3.1 Required Electric Current of Mn Bronze(maA.)

Rovolution (rpm)

Kind of Potential o ) ' o .
Test Pieces (=mV) ! 0 | 500 1000 | 1500 2000 |
| 600 | 2.4 ' 125 13.0 | 13.8 14.4
A I 750 | 3.0 15.7 16.9 | 17.8 18.2
: 850 3.6 20.8 21.7 ‘ 23.0 244
950 4.4 ! 22.8 26.1 | 27.2 28.0 !
600 | 1.4 5.0 5.8 6.5 7.1 !
B 750 1.9 7.2 8.3 9.4 9.8
850 ' 2.5 0.0, 10.9 11.3 1.6 |
050 | — ! _ _ ~
600 ! o | 1.2 13 L4 1.6 )
c 750 13| 1.5 1.6 L7 s |
850 1.6 1.65 1.7 1.8 1.9
! 950 ! 2.0 f 21 2.1 2.2 25
600 o1 ' 0.2 0.2 0.24 0.32
b 750 | 0.29 0.4 0.41 | 0.44 0.56
850 0.8 l 1.1 | 1. | 1.2 1.3
o 950 s L6 1. . 165 17 i}
600 3.9 4.7 4.8 4.8 4.9
E | 750 5.7 6.7 7.1 7.1 7.3 L
| 850 ! 7.4 10.2 11.0 11.9 12.6 .
%0 10.2 15.2 16. 4 17.3 18.4

— 10 —
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fBIC i B, LA LIBEEEE 8500 U C LB o I3 a7 v BRI B 0G& I E A
MHEBIAHE LTV B0 T, BHEAOHEOKEDTTHE > Ty 203, [AEHRIBmEND
WEBRALZLALAUEE TS oo MEBRMAK CRLIUD OBaIRE L OMERZ /NS
Vo BHTD OISOV E A TOWEHRIINE Ve T BB O HR B KL
ST EIRLBHEE LTS, BEDOKRECHHL TS §BEYE RELTEHE Ltk s
0.71g (38.3g/m?) Th»ic, HEWORDTFDIHEOHOER Zn, Fe, Cu, Ca, Al, Si, Sn
HTh oTce MHERFILKERPCHE L Th oTelet, KECHLAPLE LTRELTE
D, FORDERE LML, L LZOBE bERLEO LTS, ToROREIIC
Lo THIIZE LAY D 5,
b. i

SRR o B I I e Mo 2 B A L,

HBIBOE, BeictEobo (A), I0RMEKHFTHARELIZLD (B), 12»FHEKHRT
BaSEbo (C), ME1S®REEBE L L 1 »RBEKCHTbD (D) ThHo,

HEAEIE, BuecEEobo (A), BEREKC 1 2BEFb0 (B) Thb,

B OEA S Mn \FEOBEA & HiEC, BRFPOBLEREIKID T 50 BRI
OEFE % Table 3.2 1LY,

B\~ T2 SR O DRI RBBIRERI A A VRE WD, TS L T Table 3.2 o
Bl AREICE D, HICHKED L TBORBIZA 5, MBIRBIZ A~ S LBIIRIEE LS

Table 3.2 Required Electric Current of Steel(mA.)

Kind of " Potential Revolution (rpm)

Test Picce (=mV) 0 | 500 1000 1500 2000
750 2.3 7.5 8.0 8. 9.6
A 850 3.2 10.0 1.5 12.3 13.4
950 3.4 1.7 12.5 12 14.6
750 ! 0.7 1.28 1.33 1.4 1.3
B 850 1.1 s | 1.9 2.0 2.1
950 1.7 2.7 2.8 2.7 3.1
750 1.6 2.5 2.5 +.6
c 850 3.6 4.8 8 5.2 5.4
950 5.0 6.0 6.2 6.5 6.8
750 0.18 0.21 0.23 0.23 0.21
D 850 | 0.26 0.31 0.35 0.37 0.39
950 0.32 0.44 0.48 0.51 0.53
750 1.2 5.6 5 6.1 6
E $50 1.8 6.0 6 6.9 7
950 2.5 6.2 7 7. 8
750 0.0 0.16 0.16 0.18 0.18
F 850 0.1 0.23 0.25 0.25 0.26
950 0.19 0.35 0.36 0.36 0.37

— il —



INE VY, ETBEEO LA OAIREEIC X o THHEN 3 ~4 fH0EML T 32, Bold
S 245 TH 5, Table 3.3 (IFHMHEMN & —850mV IT{HESKBET ZEHEEP HED %8
KE o THDTAREERLTV S,

Table 3.3 Required Electric Current of Steel at Constant Potential —850mV.

"H\.. Revolution
r -~ (rpm) 0 500 1000 1500 2000

l Test Period = -

Beginning 3.5 23.3 32.4 40.0 43.0
2 Days after 2.9 10.0 11.5 12.7 13.4
10 Days after 1.0 1.8 1.9 2.0 2.1 !

#7KIZ 1 2 AREH U CREICEE & A4 U7 BB C o 54013 BRI AL 2 70 D D
Zholchd, BREBET I L0 - TOmERE LIEILL, BRRES LT 2 HEIE
FLHBD o~ itz ol BELREEKC 1 » BRI LEBHRD b RBE HE+
ST & - THEIIRZE LIch®, Z oaoliid —E#InL T2 ofiixiEs L ClEgic
REELTE e RBERDOSBEIITNMARA, B, CicHR3 /&, EEiEO LT
Dz,
A EER Lo @8 i s BRo R Table 3.2 D EBLUFIZ R ¥, EEHBIRALBD
A OEIC > T3,
3.3.2 EMER
a. FuI 00k
AR & Mol LI RO S EEB2 1T5 -7c L 2 A Fig. 3.2 B Y T, REZ itz Yk
EVHRED o Tce HRUABECHESIBABR Y BE LTI - e BAOHRTES TH
-7, EMMRMGEEICHE L TRV IcER BRI L sd oo, EBRBOMER & i
+5¢% Table .4 Dk dHic ks v, HEWOH
B Y KREL KT VB, = o i3, 1,000 -
(i)EEM “ s Lo’ BREMIZEHALTY /* /
BICHBERPEYOTEEH D L, (DM
thE R EHE LT H Db RBELISL 7
0 ARZEEASEE Ty, (iDEEHAH / 5 O~®---TEST N0.
DOMERFHREERT 2 7Y 7% vwicw HS x/
DFEEND Bo (V) IEPEHREBEO AT ME L ?ﬁ//
BT - THBNEE LB L
Thb, HITX DD CHERMIT RO
RETH B, 70T DOMEERIIE DL 5 02 05 0T 08
I Z DRIBIZ X » TH LERS 5o T FLECTRIC CURRENT (AT
LHEICHH R E R BRIF KB ¢k 100mA/m?
— 12 —
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Fig.3.2 Polarization of Propeller



Table 3.4 Polarization of Mn Bronze at Constant Potential —850mV

Test

Kind of Test

Primary Test

Actual Ship

Mn Bronze Current at Rest Current at Revolution
, I . (17m/s) -

Tléslg(;:’i(::fce Test Condition mA ‘ mA/m?2 _ mA . mA/m?
A Polished i 3.6 ‘ 195 . 24.4 ' 1320
B ~ 3Days in Sea Water ‘ 1.9 ’ 103 11.6 | 610
C P10 P } L3 70 1.9 105
, D ' 30 p: 0.8 I 43 1.3 70
E | Preserved in HsS 7.4 ‘ 400 . 12.6 670

i . . o |
Min. 50 150 | — —

] Propeller |
i Max. 100 2100 . -

PITOMECESIC —850mV BECHBT 5T LA TEBL, e T HED PR L D
Ve LA LEBWHEASLECHEHRIEE I L0, RIKESFOREDOD - bDET
EABREHRAIKEVE, e ORI &> CGERIZECE LN T 5, Graham & o
SEER G AR M i [1:#200mA/m2,  100~150ft/s ¢ JE i T 500~1600mA/m? DR 2R L
T b HEOEMIHO» T, SEHOBBRACHEHULTY 2, L LEROEA I
WBORETHRPHB~CRE LRSI S, BEERTSL Mn @ o v 5~y 3 v
B B REHIC T A EBAP R VYRR EN TV B, WFRLRERIZKRE KT v R 71
HoTwh, CHEF+EF—V g voBICL X508, WekiEROEEE MVl T,
HMORIME FFLHR LT 20 THS 5,

b. kO HR

AR OB ‘& Lo THMERODRRERIRE 1T - 7o OMREER TRk B A 059
PE—c ko aThE R bk vk b, ETHEBROAMF S MAUMOSHOBKRERD . M
CPEER L EE S LSS, MKERECE LESOm Licdia, Holifics 1 @S2 & 8
L 4 @i LISA S 2GR ODTHZ /A Lic, B 1 BoSA I ME & M oL
34 100mV 2 b2 B, 2{EED

AL D 2R 20~30mV FRE T o —
bolohr b, EBICIXHIC 2 LD 2 ol /Cé ///*////”
it LCRB L, BROREBR Fig. / '

330 BV ThHolce HADOR TR %som s

BN P FECRERREChoTP D iwm/// //////

WO IEIRS Cholee ZTOMDEH T @

AEHERRY s »HEEE LBEEEL 6W>/”///

{HELT T, REFIORBITVH 500 1 ! ’ . '
5T, BEMEEETCEET GO TR C Y addwe omrent )
ML REVCIRENP DAY — LD Fig.3.3 Polarization of Ship Hull
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TOODPHELEFE LR S oce 0 X 3 Tk DR RERAT O AR TLR & 7o s
&> THLIHHS N, HAEREEIRERBFLREBOHAITE ISmA/m? Th -7
B, BEFTRVCBAEIED TREWEIR R 5o L LEENRFRRIBETLESY & L ik
LT3 BAIE27 Y RIXESITE 5,

3.4 # )

BT & Y itk e 7 e R OFREN RERICEET 28T AKROEHARD bhic. 2hbolk

BLEE TOMDERTROIEERE 2 BT 5 & Table 3.5 DX 5z %,

Table 3.5 Required Electric Current Density

Measurement Current |
Kind of Test Min.~Max. Rec"“(‘r‘l?g‘/‘riz?“”e“t
(mA/m?)
Test Hull 5~ 20
Polarization Arrangement Propeller 43~ 400 Haull 10~ 30
Test : -
Hull | 15~ 100 Propeller  100~200
Vessel Propeller - 150~2100
T iM No. 10~
Measurement of etsuel Maru No.l 0 30
' . 10~30
Anti-Corrosive Current Chiyoda Maru 10~ 25
Bin and Wall ;
Measurement of Zn Consump- | Coated Vessel . i . o
tion
Small Vessel 7~ 32 10~20

— 14 —



FAT MR & 5 AR A kR

HgEy AR E L3l ad

4.1 &

BEmEETT 5L, BEREMEZ—RBCRELRT, HROHEAES THIEOEF DY, HEW
RR% (i F Lo ARG 4% Graeser [ & Spector KL IZ X o THIEE N TV 5, ZHL BFEL L0
TH B, 1) AR TEMRE AL S 25, 1) UKo MEICLIEEMHET 20828 » 5,
EOREDRDHDHDT, DAHRTER L Al BHE ST 5 HFRC OV TEIERBRE T o e, X
IEBREITR YO T L & L,

Al BRBREMRNEBHIL, EEEEE —CCRLYAURIRED & S HBCERREX VL,
BROBEDES 2 £2 TR RN T 5. EBHEO% Y H LUERR., HKE/SRERE FHvitke o
BAIZEIC X - T, on, off HflZ1T25 b0 T, ASRMRAOKABEREL TV 5,

4.2 HE OB E

4.2.1 2 B OB

HEAMK KOS WER” ©, BRESSm, @15m, YWa7.7m, AEKS 33m, #
P ES, 180T, HE2 700BHP, #¥dfjll. Skts, MMAB/KEEIIIEREL, 440m?, jdiEE2, 120
m2, 7 a7 @KER Sm?, BEERIWE W/PX 1, A/ICX 2, A/FX 2, B/TX 2 Tdh =/,

4.2.2  BAUIERRRET AR O B3

AEBZHAATHEKKE, NEERH (MOomEZER) c X ) IREL 2 HERICHE L, M

KO ATADREBRENL LD TH B, MHEEOEHR CREBRTIX ALGRERD 2MEX Vil

FIRES L, ZOBRGOES 2T 52 Lic X ) BRSoBEsiin2 L, shicohTHAE

BRBELT B0 §65TC, MRS EBICE Lz vRIIBHRGEZBE LHRERE RS, Mk

BEFREAICE Lz L TRBBESHBCEE L O REEL Td 5. BlGETHEETHLH»

b, —EREE LT L DL LIREHSED L, MBI X v Biciohid, HUE

Mg r BRIIICERE L, WMROEMZHBT 5. REFIZANLT, Zo080 X Y kD BFRROE

WEETH 2 EFER (£ v BRSPS X CEESR), MM &8 U TBBRERE LEA~MES 2

%5 HIEEE, ROHERE Y oS L VERGEERHTBREER CH 5, EfArORRT, M

HRBERBAICGE LEVEE, MERCIBEBROKZE LfTanbh 302 Clewic, BHREms—

EEEBLIEE, Tl 2 MESIEBMISGELTYRL T, BEREoRE LAEBNICEES X

FIBR > T B, BHENTEBRHOE S Indicator IZH& SN 5,

+.2.3 §h B
AEEFIC X 2P HEROE, WL, RSB0 SFORMELND b 2>&” 3R L

D0.025VRRETH 20T, SEIOEERT I, WEEIEMHIEMETMES Fr. 15 ($%E8L/10L) o 4

DHCEAFF 2o BID, S0mm €= — o3 PEBENEIH >TA Y FCEFEL, ToHmEZEL

THHICED Ui, EHIEEERIIEKESRERTH 2,

|

— 15 —



Pk 2 mmo> AVBREZMEHL, MIAE D, RI0mm, £E1m O E=—no3f FEBHL, *
OH R LTI HE T v I,

MHA L SRR, FERRUKNERIEN &2 L

AT & 2 HEMABT b 2 —0.8V & LT, PEMREHS S MOBHAUE % it ® foo GEEZ(E
CUBBERE R 75 Z L DAL - THHEOH AL EISD Z Li3lf £ L v, #il)

T E 2 MRS, MUER X UM I B UL, B UM, PR B R S hE L
%ﬁ—&@ﬁ%ﬁﬁ@ammgbkoztﬂat%m,mmmﬁmﬁﬁéﬁwoﬁ%m&éﬁﬁb
TEW,

E oI LB, (ETEOBIEN & M ALAL, WK & AL B OBRSO BEHE %
L, AEC X 2R L OB OERT, WGk (EER) 1K X 2 RKBRETR - .
4.3 FEBORMAOBERMY

4.3.1 KHEFHT X B EHE

B [SEER (BH36.8.31~9.17) Tk, AMPINEHE T, MEHE Y K+92BREARMT T &
ofcled, FRACHELLMERL WEBIEHTE 2 —0.8~-0.9V), FAECH 2~3 DR
WRRAD T, TORREBEERENB NP 27,

20, ERICTRYEZTRV, MMAEM b H T i o 7 HHERIC BRI KRER 21T 78 - 7o (WH37.
8.13~9.3),

4.3. 1.1 KREFOVEHHREL (G 2 MISED
iERE 8 HR, frimbs 2 B0 #bi R T AV O ERIHAZ 1T o 72,

a. HEZEMN BRGOEBPTORSE, EHAEHKS IO hic X 25 L, Sl Lidis,
RO KRS FIZ L D IREBH, MHEEERZE LT, i oBEEEEL T3 Ikl oTo
HRINZEHEMEHL Z L RNETH 5. Wb, CoRKEBRHZ—EEICELIES, 2hi
TP I LB B Ly, 27T 3L, BRESET THIL o ciis (B
IR T LB E VT 5 L v, KEEOXESFHT ML H5) Kick
eV TN CHEKIC 2 2, HIEN T3 L, HHREMPE D, FH%iHE L Motor 23
&, HERCRELEL, ML IREETH D, TOFEM DL, Af0He, 0.5~1m
PERETHolce TOERST, HEOHRUKEBLLDICH I RBERBENSRE S, DT
B3 DICEFETIOLERIC, NIA U Tap 2R3 72Z2 2RI FRE 2 b o 7o

(PEBI LI o

b. #BHER #i10mm, BEXIm oE=—NSf FPeREL, BEGETToME B L T
PRI 7o, HIERBE D OfEFIC &Y, i L Motor [LEBKICVETS L, BEEUIRERIC &)Y
HE iz, BBEOREIIKEICROHAZ & CRICHBIZD o7, Reel 230 Th 255
BRI, 1L Roller L PIHREAN T, LT LT Spark 322 L 4H Y, ZoOECH AL
WA T 2o wWhiMADIC & VIR EAITEIERT 50, ERThsdic, RBICERRAh
o fc (FFEHELES) s

c. HIEER FPBEENEDT TEMRY, MEOREABLNTMENBEERMN X ViticE »

135G, PIEDRIEZE S I IcRl LEN~MBEBRE LA IS T3 02 HER o i © b
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ST TR T

= i bl

Do ~
EUEAMAR R 2 —0. 8V & LI s, =N
g5
HEarh o A AL i R —0. 77V 33
§ = 19' EXP{RIMENT VOYAGE FOR NAPHUTKA
BB Lt o fo %, Bk ¥ lw _ I B S
e T 22 EXPERMENT, JOVAGE FOR CAWPHA (IEF HAM)
0.77~—0.81V [THiHE h 7z, QI L i
b, HIHERE A ERE I MRRR AL 2 A

LENICR Ccigs i LEE ~ PN 70 1% RO A
J—h b} - Hj E% ARCHOR  YOYAGE (BALL™. CONDITION) ANGHOR. TOYAGE. (FJ_L LOAD) 222 E_m‘mmm ma43~'3v-9»3)
SSHK. ND3) DATE

e > = (B
% LieZ & é l'?"l}k-;-é (%EJEH) ° TN%%«)_R.@’%]WAGE i . ACHOR. 0 J’vowxﬁés [ E;’,,E;,:f:,gf
4312 'H!E;[E lﬁﬁ% BB Ms. & (555h04) (BT CONDN,) (FOLLLOAD) ~ (36-8-31v 36-9-17)
a1 Z (73)
e Fig. 4.1

1~ 2 [HISRERG O MR 351 2 A HREAL E Tig. 4 LIC/R L 7o Wih, 301 [IUEER
i,

SSK £ 4 EE (#Ap) —0.76V, fisEr (11Kts, #4) —0.84V, & by 2B () —0.
01V, [ (Wi#k) —0.94V, fisbErh (11Kts, 3#k) —0.88V, {EHHE¥EMN GE#ED) —0.94V, [
(#EF) —0.91V T oTc,

2 [FISEERFR X, SSK 48 3 pRBfE (IR7) —0.70V, giskrh (11.5Kts, %) —0.66V, ~ ko
LA (R —0.70V, < b nEBE GRS, fikEd (11 5Kts, i#) —0.7V, Wik
(FTABHE) —0.63~—0.67V Cbh o 7r,

MIE XY MAREAIZER LT 0.04~0.06V BT 7z » foo % 7o dki i i iz [HiL 0. 03~0.
04V Tz ofce ThIT 7 v R T BKEMASRAKEEHICT LT, il 3w TR/
K olcledTh Do WEET A BRI 1 D BEAL &R Lichd, LERBEEIC X kol
PODTHDILIE, ZHOEBRE LI > TLHD LN TV %, SSK £ 4 BREEHRE o ML
Bk, BERBIHERCRBT BEML D BRMER Uice HEERCIIMEIRIUN Td - 7o i B
XD FE UIcME AR BRSPS REH Wire %8 - TREEICHIN, BEREIE ZOBHLMRKICH
K15, TOBEKICESDMEMBYEC L BEBREMI Y RTH o fedll, TOBRMBELCK
DTH5 5, HaFEELFHE LIk Y 0 3 BERRERICE, TOBRIAD, o7, HEEOREIC
X35L0%, HUFETHTOd, 2~3OMTHEELLD, H-o& Y LT —238onT,
TZTCRZOEEDLZEFHLTEH L,

4.3.1.3 BiAEN L MEBELOBER (8 2 MEED

MR R THIRAE T, MR, BiREREE X, IhiC X sMmEkEN o 21k %
Fig. 4.2 2888 Lico TOME D EMEENIREMLOBHESE 6 1L 5 (Fig. 4.3 B, o
Bon— 72 ZHOMMIC OV TRD THL T Lid, BRI LB THEERZ LT 5,

BB THAER L ERRKIC BT 2 IRAER ORI R RHAE, —0.66V, —0.70V Thh, &
Nz —0.8V FCMEE ¥ B I BT 5EHIE, 1597, 8. 1A Th o7 (Fig. 4.2 BM), WH, O.
14V, 0.1V 3 MRS ¥ 2 ICORE R B ABERE R, BRER BKER XV, ThEh,
15.9A/1, 440m?:=11. 2mA/m?, 8.1A/1,440m?::5. 6mA/m? (Fig. 4.3 W) ¢ 5H Y, -0.8V D
BN T B0, MEREEERO 2 EOERPDBETH 70,
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Fig.4.2 Fig.4.3

IS, iR X R O HIEIRE T o Mg R oA R RLELL, -0.7V, -0.66V TH Y,
hE —0.8V ECOMEEHICTT 50N, Fig4.2 X b, 15.7A, 15.9A Th otz Wb,
WAL E —0.8V ICHERET B 7ewicik, ThTR, 15.7A/2,120m*=7.4mA/m?, 15.9A/1, 440
m?=11.2mA/m* OBWEE L 755 (Fig. 4.3 ZR). HEREBERIIC LL, DVviEHRTEEL
BLIZFEL TV B2, 43 1.21IKbB~Ne kS i, NMEKEHOBMITI Y, e I7R0HL,
FOER, RS A0S ROBA NI olcicd Th Do BIRWY L IRLAIIE, Flt
BloBERER Lico
4.3. 1.4 AR & SRR o BGR
—EOREE W LicBa, MATEAIZ sl Iz L o
WO L, 0B —EDERZE LULET S, TOWKH
U5 LR ABIC G L, 303 8ITI3TE0 B RB
T 5, NFENAELOE®EN Fig. 4.4 TR Lz,
4.3.1.5 PR A

A BEEEAL O 0.8V ITHER T B 7o Db A
Lm0 MR R, HIER (il & OB IV

- )SHPS VOLT V)

PRI OWTERI L, Table 4.1 i2/R Lz, N L : , .
R N T
8 ~2205 D 1485F, 108 Richiz VEHEI L. GERIBRER —UREENT DNl GORRENT OFF —
BUIE2mm 0 Al TH S, Fig. 4.4

Table 4.1 IO CIZ DV TEZLTH B,
G EARIEA ST 11 5Kts T, FE~SORFH] O ENENMIE, A —F—ICXVIS.3A THo oo B
R £, Indicator L1 Y 34498 L EH &N,
15.3A i X » e, BRETETE,
HREE W=A+Q e T/Farady [BRL oo 4.1
ZZi 4B, Qb T BM



W=15.3%X 9 X56/26. 8=287. 5g
LY, EROBHEIFEC Y ZHRRRO20%H LT olc, EREHREOBII OV TIX, KB
o LBIIHHRETEED 6 %W LTh o7,

Table 4.1
‘ A | B C
Experiment Term ! 2;2 i;} (56H) 3/‘8';3 (28H) 3/'8'§§ (56H)
| |
Ship’s Speed (Knots) 1.5 0 1.5
Loading Condition Ballast . Ballast Full
f ' i
Wetted Area (m?) 1,440 ‘ 1,425 2,120
I
Mean Current (A) 15.7 7.7 15.3
Actual Al Consump- ‘ 3358. 4 » 77 344.9
tion (g) ’ | :
Consumption by ! - ; hy o
Calculation (g) ‘ 295.0 72.5 287.5

WEROTEH TIE BRI B2 WD TEEERETR - Thic. ThiC L5 L 0.8m OBRRIEEHEH
FRETZEBREIZ19A h Choteo HMFHFTII19.9Ah THY, 5%OEN HoTce TH
AL ROMESEPIREL LD TH S 5,

RN T LRV, BCHERICE Y TET THIC o7z ALBEPEIC e T T ik L
fetewic, BRERBC X PEMEL DV LSVEOBBESBHEN TV B I LRDR>T,

:o%%m%%,iDgw%ﬁ%ﬁékwmo&@ﬁﬁ®ﬁ¢foéé&E<f5:&ﬂﬁiL
v, AROEA, REHAER, Thic X 2EHE, RUOBHULEESICLY, 0.5~1m 73
YT H oo
4 HRBBEMC K 5 RER

4.4.1 B BT
£ OB M HEEL
1 B WA 37.2.16~8.6 » 172 {

;mEWRK W/Px1, A/CX 2, A/FX 2, B/TX 2
SABRKERD 1,700m?, T (HiHERE) 11 5Kts
RIS CPZSF, M | BMFEETN () 0.4A
BN REREE TmA/m?, MykEFEEA —0.8V~—0.75V
M TREEY N=E.S/4
Tz E: EHAEREE A/m?, S: BKEN m%, 4: BEMRSEER A
N=0.007 X1, 700/0. 4=30 ({#)

MEE Y 16/, EAF X — iz IMEET 2o

4.4.2 EERRERM
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PRARREA S EELL 82, 43kg (FBERIA Y 43.4kg, ELF 39.03kg)
(H1R) X

LI M =126. 8 X 82,430/32. 7X 172X 24=16. 35 a)

WHFEE0%E LT, FEETRILTA

PERRED | (A2 D OFAETHGE, 14.7/30=0.49 (A)

I LM E R, 14.7/1,700=8.67 (mA'm2) ki 5,

RERBHIGREOIA 37. 2.16 (43R, @EHRMB) LA —0.8V, HEMATREOME 37.8.6 (4im, &
FPRIR) O —0.77V Tdh o7 REBHOMBEAIE, Kk —0.71~—0.84V 0 HEANT »
~7e5 ) EHEEE B,

VEDWMSTHY, HEpiiilHrE s, MBoIMRHEEIC X 2RBERLE X< —5T 5,

1.5 #%

AN KM D BT BT & B b iz, HicARRBHIZ B TEORIMBEH A E ve 2
DR TR L LT AVREER LIS, SRTL oMz s (ERERER). = O %R
o, P, BIREHR40A BEZET 2 | HFHBOMIZOWTEL THB L, HlkEEEH
(BHHO X 2HEARERS TREMOBMINIF v v vV Sh, Z0ORETHEEEMIZ X 28
REORTO 1 OB[T, LrbiEaliarifFes s,

HTLRAIC & 2 AR R CI1X, SHiC X Mo RN, s, BERTOBMM S 5 2, HE)
HDOHKERTH »Toicdis, S0z Lz v,

o
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5 HEREIR sUE B Bk gL o e

JaER 2T TR

5.1 #

D IEABH R RERE L LT Mg, Zn, Al SRR SN, ZORGEHEL LT OWRET
GHEE T2, ULa LA 6 —TiREHEMREEY REMICERT 5 & ahd, FERNC S £k
DEFHPLWEL TH 2 XD L H RHEZEG LT 5,

THOLLERERTH 720 d BHERINICBIT 2 REA L &h, ThRZDIICE VT
ART L OEEE L b, F 72 mEE € o Afa A RN I3 Ui i BRI IR ik 2 2
J2bDTHD. %DM & W R TR REO B 2 FR - ud, HanEA2ER & ic i
MEREY Y OREBREOHR, S5 IN LD 5L Z25OBMESBUEIR T —MnHEEERRIC
BLETHBENELON D,

=TI LESITREDS—2> 0O RICHRRLET LA BER S 528, ik EER bk,
BB, B, FARBEO VbW S REWEE v, DO HRTGERN» S OB RBH & Wi Rk
BT 5HETH 5,

ZOFRE X WEBEEREGA 2 EROMIC TR T, £703 & A ENIAR a0 7 O ISR 7Y
BARBEL R EORERDY, MEERAE LTHL TV 3EBEZVEHEZ LN S,

L2 LAS AT ROMM~DOHERAI>V T, 2~3 72U A FEORICKRT 2RET, 20
MRS SRR VT R EHBIC bl o TR RO SR Z 2 H 50T, ZOEHEEEE LY,
i SEHEM ZEEBME LT HR, REFERZIZUD LT 38FMOKRVIEZITRY, 2ORLY
N FET R ARG EEEMCER T 5 o icik, #EATETT R (208008007 st g #im
EBROHEIE) WSLOED 5 L oS EREL, SRS OWIEE T 27 b D Th %,

Pt o TRBMEDARTFTRM “REL” CTORBRMER L b CITRAIE U 28050500 745 b [ S
ERIECOWT, EREBLVHEABREELX LV ELOELOTH S,

5.2 5l# “RAN CLB3IBBEARBRABREIOME

5.2.1 FliEo g
CEHUAL” R3O0 RAE O (Table 5.1 BR) ©, BIKAEHR215Sm? C b 5, HiAERL, b
L UHMAREZ 72T, EPREOAREZFMAL, MMREEDOY » FT 7 2 M EITEV, DT
IR ER LR LT L.
5.2.2 HHEETHEOE
()RR FEM OFHEEICHE L, Y+ v 27T A < L[, ¥ A'C 3, AT 20
DFP6 MDY LT 5,
@) PBRRICIIREERLEL, 7 gk, BP0 IFEEEEN Lz FhOEHEREZ BT 5,
(3) TEBEE U THEMAMABEEER 2P o720 T, 6V oS RIGHEERE L CHEE S Lz (300
AH BHE 21, FLRITBORTITE, PRIMRNRICHEENGTEZ LD, & v BN

i
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Table 5.1 Principal Particulars of "NAGATA MARU”

! Smooth Water Course 3rd Class Tug Boat

Shipyard ' MITSUBI&I,VKOI%iZ?hipyard Draught (fore) | 2.30m
_ﬂ;\;@“¥~4] 7 Aug. 1952 v (aft) I 3.20m

Gross tonnage -I“ o -l--lvé.'(-)-l.t - Speed 9.6Knots

Net tonnage ' 46.01t Engine Recipro engine

Di;placemen.;c—r_i - 25(-). OOtc;;— ' Propeller Mn-Bronze, Twin, 145rpm
.”_ I:e_;lg;h_ T o 23.4771;174; o Hull I‘ 215m?

Breadth 6.40m gﬁiﬁiﬂ Pr;pellers, 2
| Depth 3.20m Assumed om

(6V, 40A,) 2fvTIiT11 5,

(4) FRAIECERIZ SR 40m L U, 30~40mm? U= VTR EERAL, ®8HZ 0120 FLL
77o

(5) BSEITFO AN HBIC BRI 7 IZEHAR & TR & Y M L,

(6) BIEIRMBIIBERFILAETGRRIC X VMR 2 BT 5 LK VEHET B L L b i, MENK
EE L LR & ANTEIERSRELRIC L Y S @l AR X Y, HEMEAEME
ERELDBE 5T 5,

(1) MiREREEOFEIT SR 20, SR 27, KRR L ORKE L Y ZE L CEHHEEZ 30
mA/m? ¥ L,

FYANETEA 30mA/m?X 215m2=6. 5A

FuZ@Eb 200mA/m2X6m?=1.2A
EHO8 A DHFEARTEE L), HESEKIHIZE TR IO V/IOREOERETL PiAKY
MY DZ EBFEERS,
5.2.3 BFEITEORL
ATECETENIC e Fig 5. L IORTAFEIC ENZREMETUTT co Thb S MEAT A i NS
&, G AMEI Ty A FEERR, T AICRGTEGRS | BT, MEARKICIIRIERELEER 2
8 & 7B Lo
BRIV TR LAERBRAZE U URAEERICEINTY 3, &0 ABIRERIZ1500x

CONTROL PANEL ROOM
omoe
1 1
H H xx
q""‘\} : i
0 4 ¢ I »u FECEEL |
S0 | MAGRETITE ELECTRODE > -
|3 s o |STDARD 61 ECTRORE

ETSIDE

GRAPHITE ELECTRODE HIGH SILICON CAST RN ELECTRODE

PIRTSIDE GRAPHITE ELECTROOE
STARBOAZD HIGH SRICOM CAST S84 LECT)

{TARBOARD )

Fig.5.1 Anode Fitted Position



800X 2 mm F# 7L vy — FEEEREMARCERESEL, TOMAEERHEET v—-LAkd L LBXR

BREREEOLELHE L.
5.2.4 FHBORE

SEEA” BN ATER TR I 2ESLE VEMIL, TOMBAER © 4 25 fits hic.

Table 5.2 |z Z

ORGHEPOEEL LI RERE L, FHERICBT 2 BB L REELET .

TROLAMTIREE 7 mA/m® O RBREEE Fo7hs, BRBIHRD 2 BElicbic 2 ARRICH

BEROEMABTETE o LERTIE, AECHEREBEZAFLEED bR, L LARD ZHIESR
LAEDRH,» S ThERPRPARERBREETHHZ L 2 o7,

Table 5.2 Hull Current Density and Anode Current Density.

Position Port ‘ Starboard Aft. Peak
Hull C t
Anode Material Graphite High Silicone Cast Iron | Magnetite Total v urren
P Current Density
Anode Area 350X 75¢ 750X 50¢ 150X 304X 2
160cm? 300cm? 280cm?
2
"Anode Current Density | 3.12mA/cm? I 1.67mA/cm? 1.78mA/cm? 1.5A 7mA/fem

5.2.5 FyOBAELH
AHRICL B ANRENET 5L & b TR EEL, »be CHRINOHOR, Sk
DR & P RRTR & ORI £ OHRIEE MIIT 57 d FROHEE 5 o fee RBHEML
re LG SRR (241mV at 25°C) T, BACEIHISHMIERBAEITH B,

) BEREBEATETTASE2AFIC OV THIELED AT Y 3 25 L,
Bl O CHIE LA 2DFOBMOMITR L E 20mV DTS Y XIS £ 9,

BEFLTREE R LT,
@) #FEHOMEEALL

a) ERRBETT (1.5A) Ol L BAOBEK

b) HUER b BFABA 2 MRS 5 BT 3 FEN A TRE

c) REBR O HRBEA
(3) Efz O RREE & EREE

~ o HULL POTENTIALS
wo A m
31 S /l/;)ufsy DURATION - '\l_q T T S ¢
v /\ ........... -
2 HULL POTENTIAL. ;;};Z“ 5
N (PmTECTIVEMRENT!SAc ) 1 &
£ |swe0 v — — . . 0 Theoeeee-cord 5
< e uors) 26 3 85 &
2 &
™ B
3 PROTECTVE CURRENT B
2 ¢ s &
= HULL POTENTIALS e v 2
E ey P NI L S, 1“"_;’?33"“’5 " 1,_4"‘"/ {2 E
(SPEED 5 s Py 8.5 63 46 !
10 20 30 40 500
TEST DURATION C(min.)
Fig.5.2 Test Results of Hull Potential Measurements

by Trailing Type Standard Electrode
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Fig.5.3 Relation between the Hull

Potentials and Protective
Current applied to hull



mc,«mcw ST 1R0N ELECTRODE
ey

. , 2t i LI
Fe L LY e
\'\LLH 1 | léz
-|n,o_ MAGNETITE ELECTRODE
GRIPHITE RECIRO0E

Fig.5.4 Hull Potential Measuring Position

Table 5.3 Test Results of Polarization, Depolarization Rate and Hull
Potential Measurements

Protective Current (A) Hull Potential Time to Remark
P S ’ A Total —mV vs S.C.E. Stable Potential emarks
l 0 580 Dock Out after 2 Weeks
0.6 0.4 0.4 1.4 650 8 sec
0.6 0.5 0.5 1.6 665 1 min
0.7 0.7 0.5 1.9 685 30 sec
1.0 1.0 0.5 2.5 720 2 min
=1
.g 1.0 1.0 1.0 3.0 735 1.5 »
5 !
=1 10 1.0 s | 3 765 2 4
<
& 1.5 1.5 1.5 4.5 800 2 '
1.5 L3 l 20 5.0 820 2 s
200 201 20 l 6.0 900 2
2.5 2.0 2.0 ‘ 6.5 930 2 v Starboard Ammeter Failed
3.0 | os | 30| 65 930 2 4
4.0 0.5 3.5 8.0 1000 2 |
40 | os | 3s | so0 1000 |
0.5 0.5 0.5 1.5 800 5 min '
5 0 700 2 4 |
g
8 0 690 [ 1 s |
bl
8
% 0 | 680 | 30 sec
A 0 670 | 1 min
} 0o - 660 1 #
I | | o | 650 1.5 #

Note 1. Standard Electrode was fitted at Port Side Frame No. 11
2. P: Portside
S: Starboard
- - A: Afterpeak
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Table 5.4 Relation between the Hull Potentials and Current Values, using
the Aft-fitted Anode

No Protective Current (A) Hull Potential Time to Stable
: s P A Total (—mV vs S.C.E.) Potential (min)
0 0 0 0 0 650
1 0.5 0.5 0.5 1.3 l 715~720 3
2 P " 1.0 2.0 ‘ 750 1
3 P P \ Ls 25 | 775 ’
4 7 7 i 2.0 3.0 785 7
5 4 7 3.0 4.0 810 7
6 4 4 3.5 4.5 860 7
7 o 7 4.0 5.0 900 y
8 7 y 5.0 6.0 925 7
Note 1. Standard Electrode was fitted at Starboard Frame No. 3
2. S: Starboard
P : Portside
A After Peak
Table 5.5 Distribution of Hull Potentials, using the Starboard Anode
Current | Protective Current Hull Potential (—mV vs S.C.E)
Density (&) Portside Starboard
mA/m? "P l s | o |FR [FR TFR [FR |FR |FR JFR [FR [FR |FR
No.1| No.5| No.9| No.13| No.17| No.l| No.5| No.9| No.13| No.17
0 0 0 620 610 630 625 625 620 620 630 ’ 615 625
4.2 0.3 ’ 0.3 0.3 675 685 695 710 705 675 680 695 680 705
7.0 | os [ 0.5 os | 700|703 l n0| 30| 725 | 700| 05| ms| 70| 725
o | ro| 1o [ wo| 755, wss| ves| ws wis| owss| oaeo| wr0| 7m0 7
21.0 1.5 1.5 1.5 l 833 I 840 ‘ 850 865 855 835 830 845 ]‘ 845 855
- [i
28.0 , 2.0 1 2.0 2.0 ' 885 l 890 ‘ 905 895 905 885 880 i 905 915 905
b o L !
7.0 l 0.3 l 0.9. 0.3 ; 740 ' 743 i 750 [ 770 770 750 755 l 755 755 770
4o | XY A | s0s1 815 830 ' 825 , 815 | 827 840 825 | 825
21.0 7 3.9 v | 870 | 875 885, 890 | 880 | 865 8821 905, 880 | 880
Note 1 P Portside FR: Frame
S: Starboard
A Afterpeak
(1) HEEEMR T O BERLL & A AT

ZhHFEE RSV T ORISR Table 5.3~5.5, Fig. 5. 2~5. 4 T FNFIRT LBV TH D,
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Table 6.1 i B B (BidAED
wpomm | mmgomm - MEOPARE RIE 7.5 BH 8RR
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A/C 3 A YEY R
PO I AT 438 0.16 397 0.19
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E = v %
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La/F 2@
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Fig.6.3 Natural Potential and Neccssary Protective Current
Density of Vinyl-type Coating Steel Plate
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! Potential (—mV) Electric
: Date — Current Remarks
| 1 ‘ 2 ] 3 ) 4 l a5 (mA)
36. 8.17 530 ; 580 580 580 580 i 0 | Insulation
8.17 L 750 700 Connection
9.21 825 820 835 820 93
11.15 607 l 605 610 570 112
12.12 600 ! 598 600 595 590 0.3
12.22( 0 840 | 830 | 845 845 330
Arrival {10 860 . 855 | 860 | 310
min. after(20 865 : 860 865 E 305
37. 1.19 860 | 860 865 860 47o~soo§ 74
1.30 760 l 760 755 755 | 500~700 54
2.14 920 ‘ 920 ' 925 920 890 110
i
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! Time (min) 0 : 2 3 ! 38 10
. Electric Currer‘) 550 420 390 380 370
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Table 10.1 Composition of High Tensile Steel tested

i C /Si Mﬂ P S Ni Cr Mo Cu
JHT70| 0.1110.33] 0.8510.010{0.011/0.90} 0.49( 033 ) ——
HT80l 0.1410.38) 1.02]0.010/0.013]0.95( 0491 4.50{0.30

Table 10.2 Physical Property of High Tensile Steel tested

Yield Point [Tengile Streagth | Elongation
e T 54.2 376 23 rolled
HTT0|  66.3 72.6 PYNAREED . it
Quenched
HT80l _ 178.9 24,1 29,1 A
10.2.2 & B
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STIER BRI 75Th B,

10.2.3 B

R R EERh T RBE 2 v To, SETIERR U I 140cpm T b B, ALK
T, BRAEHCK 10ce/min DS CHT S Bz, SR B/NTEOAFIFBEITRL, HEED
BREOFTERIBCGNETHARETR 7

REL 2 o) Tl oTee F11E, S-NHBERD TEROEELRDHILTH Y, H2
RBE R, HFEH 7 7 v 7 OEITERERH T2 L Th s, H20EETIE, THF 1 OXKE

— 49



280 ™"
95 - i 155

— 30

R

72¢
s
y—ﬁ
v —‘-!'7}? =
5¢
PR
)

Detail
N |4
7 <
~60* )
A

Fig.10.1 Dectails of Test Picces used

TRDI S-N Wi EHEAEL LT, HDI5TITHKT 28R LEE N, BMICES v 2 o 83
LEE N &35L, NNy HB50~90%0 & EFEEARIEL, TERY TUM LT MmemkgL, B
O NIN, 227 &D 05y 7 OB EHEI LI,

¥z, KB, HREBHREGFRRIA LT, WHSAOES LHiak L,

10.3 BEBIUZOER ‘

10.3.1 o-N i #

ARG 0 LT E TOREBOBIFEE Fig. 10.2, 10.3 5 X TN0. HZiRT, J57150kg/mm?
FHCix 3MFES 4, BRBEICIERA < loga & log N o iz (3 PIs R A RN >, H.T. 50 C 13 30kg/
mm? FERE & TIIA SN, WA OREEBIK 2 X7 UTHEAIES A 2525, H.T.70 8 L U880 T
FMHEHOREERT S-N BB SO, » T N CE TR S &, ey o sl
DRI > T N Bt ERT 5 8%t RT,

L, B BISTIC I B LA L K O M £ TOBBRE TER Ny RO No & L, RO

(k)

/50
- /501
00 -
i 100}
- = |
= }( -
p—g =
S0+
Sol-
| 5 i
inAr in Sen Water I inAir in Sea Water A
HTS0O o L] HY70 & A
20l < ISR RIT] B T lllln“ Lot rgrant ! l“l'!'ls 20k VR AT T B AR AT SN N R R T BN ST TTTT |
/0 Ve 70 /0* r0* 10
N N
Fig.10.2 ¢-N Curve of H. T. 50 Fig.10.3 ¢-N Curve of H. T.70

— 50 —



0
ob
N /00t
/00 —_ - .\
5 N A
1';\ B ~ \‘
S T 3 r
< A ) ':{ \
X | \a HTS0 —o—
or 501 VY o
IS 3 WA
\
B \ \‘
nAir in Sea Water L] “0*&&_1..0_9 4 @
HT80 o - \R R B ~ pe’> s
——— -Z__—A ______
20L% 1 el o ol gl ol L ! 2 I 1 L \ R L
/0% s0* 0t 0 50 /00 /50
N o (%)
Fig.10.4 o-N Curve of H.T. 80 Fig.10.5 Kc-o Curve
= NA - NC - .
%&ﬁ?%@&bflﬁz—w——xmm%)&%w,gnkok®%%&&6bfk,F%JQS
A

DEOEnD, BILEISHERHTIE KelZi@ A F—EDHEEES, H.T. 50 T#20%, H.T.70 T
129, 7= H.T.80 TiIl6%ThH 5, H. T.70 5 L U8OTI G /INEL 1.3 L Ko OEIZ &8I
BRLTY5, (H.T.50 T ELZME0 LASRNE), 0L, BREFCRVT, HHAN
BRI BN £ TORBEAE BN BROHETIEAOBENKE L, HHREVGEHITIE
Bt & T ORISRV O TR L BROHSHER OBESTENTHE I LERTLOTH S,
TP THECEE VRETESRRETRO L, BB TRRFOBRENRE L LR L, B
BHECRFRTBIEBBOOND, Ho TIN5 REETHARYRRE T L IBRK DS
HEf Oeicte LAMBESEINL, ZAHE L OBERTO S-N BB IoE I e T2
Evbnad, RREO L) REFEE L TRESHOHBRTLRFORE AR A EED BN
T, o TLOX ) RMBOTT O EvL51cRz %, Table 10,3 3 H.T.70 35 X (*80 2
~ 3 O¥ELRBICH T2 ETRE L TRT,

Table 10.3 Fatigue Strength of H.T. Steel Tested

Fatigue strength (kg/mm?) }
Kinds of steels H.T. 50 | H.T.70 H.T. 80 ;
. N R

Number of reversals 2 3 ! !
of stress 10 108 10 x 102 103 | 104 ' 102 ' 108 104 i
in the air — 64.3 40.0| 133.0 84.0 53.5| 146.5 92.4 58.0 |
|

in sea water — 38.0 36.8 132.0 82.4 51.2 141.0 88.6 55.6 |
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RESULT OF SULFURIC ACID IMMERSION TEST.
B PTEEL PLATE, 38°C, SALT SPRAY.
O STEEL PLATE COATED WITH FUEL 0IL$, 35°'C SALT SPRAY:
©  STEEL PLATE COATED WITH CRUDE QILJ. 35°C SALT JPRAY
O STEEL PLATE, 35°C, JALT WATER IMMERSION.
X STEEL PLATE COATED WITH FUEL O/L8,35°C SALT WATER IMMERSION.
A JTEEL PLATE COATED WITH CRUYDE OILS, J5°C SALT WATER IMMERSION.
o STEEL PLATE, 80°C, O/LS + SALT WATER [MMERLION.

Table 11.4 Result of Laboratory Test

INAME [ NAME]

NO. PAINT Mg:EP p%"
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16 Do. ¢

17 Do. m PP g XX
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s
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3 Do. c \[ clajx x| x v x
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-SIN_PAI L A
s Do le ir]Jolefajo o
(L2 .. U ( S S A 1 i i
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T T Tremmre 3] 1 i
8 oo. te H X x| x %
: t : ;
0 fo. 1 1loelo|; x}o
10 Do. 2 J]le|laxi x  a
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12 Do. i Lialaj9 x A
— — +
13 | zme “rick_pant § DM o e iRk | XX s
- 06 ol N e Ik X
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s Do A O‘X.Xlx;x,"f-
16 Do w4 P e [ ¢t
7 Do L, Q@ XX | XX XX | x¢ | XX
CR— ; —— + e — T
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Comparision of Laboratory Test and Actual Shipping Test
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Fig.11.3 A (Maker a)
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Fig.11.6 D (Maker a)
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Fig.11.12 J (Maker g)
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Fig.i11.4 B (Maker b)
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Fig.11.7 I (Maker c)
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Fig.11.10 L (Maker i)
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Fig.11.13 O (Maker k)
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Result of Laboratory Test

Result of Actual Shipping Test
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Fig.11.8 I (Maker f)
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11.5.2 WMREEABRERICB T 285%

Table 11.3 it HiFEREABERE R Lic, ZOBEIT, BENEEL LToMEERE LA
BERLT D, £, DL N, B, XKERBEOBEIMETIL, BEZ, OXZogEc
Tlico ZOMBIRINE, BAMICHT, vy y Rk No.1 & it €2 ) 7 ikl No.4
i, WHHESBCERECh -7, KT, EoARERMO No. 3, =H% v Rskho No.9, =
R VEHRBEHRO No. 12 SRR Th-7chd, ThbDOREORICE, WO §5v
LM No. 5, No.7, No. 10 (=H* L REED, No. Il (RF VEFHRER) SMbot, Vv
7Y v FRERNT, SENCA THREREZBERZILE VR AT,

11.5.3 FEM—EKZERRABSERICET 52 5%

KEREBICBT2H 6 VA 7 VETOABABEOBAHERSFIX Table 11.4 2R L, F0OREHE
KEhiE, =RX U REE D No.6, No.9 BRFTH ol WTYLE UHRBEO No. I, ¥=u
F#®Elo No. 2, Bt =Y 7 R$E 0 No. 4, =H* I HRBEEO No.10, =H¥ VEHERELED
No. 12 FEWEF CThotee VU7 ) v FREEEB—BICHERICED» T,

15,4 SEEABRERICBET 52 8%



Table 11.5 Result of Actual Shipping Test Judgement Table 11.6 Judgement
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nEH, ThooP sV o FREEBEP - 2O, THUHER I UBETEERA+ITH- 12
ZENERTR AR EELILND,

11.5.6 FEBEICEIT 5L ERFGHERIZSVT

FERE CITH o I R — UKL A BERSAER L, BRI TERRBR LR L 2 83 570
12, YA 7T LicEmEiogLikiEE 7w » b L0 Fig 11.3~Fig. 11. 16 T b 3, ORI
vy MIERBIIBT2RBRERTH Y, XA vy PIEMCBT 2EBHRCH B, V17V
BEATEL LIOY A IV TH DD, EMRBIER & EEREABRR L oHEBEMEZF~ 5 Fig 11
3~Fig. 11.16 Ti¥, EMREERIOF A 7 VEREEBECRBY 5 5 V4 7 VERKRO[RK 70y b
Lice T BRNETHEDMZEEUN RS LREBERLTVE I Libh %,

WoT, EEEICHT D EM—EKBRERRBRO 1 44 703, EMCBIT 2 2 iloOMEaIRE
EEEHR T L0 EHEEIRD,

1.6 # £
FFHMEAOEMEETH 55, KarE b RS h 5 RET, WMEREEMNS bare TH->TL
PLHERNESESAREBETCO 2 A TH D, T F URH CHMIBPAREMMERE I
WMANELTCRE, ERHER I 2EECIflER3 boeEXOND, KICHBAEEMEI Y bare
CHIKFICBE LIREBTIE, B3 or bk V/IOBEIC 15, TOHATLMEREE
WM ERSAELTVIE, BRBREIIE0 I 2BEL 5, Z0L ) REHEERE O HMIEREE
W ERETH0, 6K/, TEEOBHERE L THRREMT Lice TOKRE, v vy vRELY
=) FURERNEICEBR I EERR L, EAEY, TRFVRBHBIVU= A VEBEHERERD
+AERACHMZBELDOEEZONG, E=ARBEREGIC T V7 Y » FREENL, KABRERP LS
VIRARA VP LTHENCRER TH D EEZEL OGNS, Hiz U7 Y v FREFHITHUED 7' v
— Pt » THREHENESE A EE LRI 5, kB, BEHELHEEBHEL BEo~(1 v LRE3
M, REBREBREOHEIMEANELOTHDI LTV Vv,

— 62 —



BI2FE <7 2 by v 7 REEER

12.1 # =

%@%5y7m,mmwmwmﬁohﬁmmﬁuén,it,%mu&%%ﬁmﬁ%®ﬁ<%ﬁ%%
VAR NE T,

a. EULVRAERRIZEHLENT 3

b. ¥V IBEREBRKEL, v 7 REREMIIMERER L D 22 IHIRE

c. F v IRREMO% IIMEERE EFEEEM L LTE<
LOEBTIED Y, TOPHAIEZELEFREAL TV %,
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BEL A —H— LIEO b, R2EEOBREEEFL, BRETHIRERETR o TEREREHE®ES T

LIz Lz

HERREIRIII E e 7 (BRAD Blick 22 2 2R E Lcdd, o E B S OBk IR

H—# & Y AN T Table 12.1 0 38 Lz,

12.2. 1.1 kBB
3®EE Kk EEELT=LR (800X800X1000mm) 5 3
= ER B 3.2X300X200mm 58T IC Shot blast #3228 E O &kl IT->& w/p 1 [4] Brush
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Table 12.1 Paint Samples in Land Tests

Paint Type No. of Samples

1 Coaltar Epoxy Resin Coating 10
2 Epoxy Resin Varnish 5
3 Poly Urethane Resin Varnish 2
4 Vinyl Resin Varnish 1
5 Zinc Chromate Primer 1
6 Rust Preventive Oil Paint 4
7 Coaltar Bituminous Paint 5
$ ZincRich Paint { DPreanic 3
norganic 1
o of Paint \akers otal & . 32

No. of Paint Makers 13 Total Samples (8 Types)

it RS2 (e 3 5 , KIABIE, HRERR RO (B LEIEMRIEHE)

12.2.1. 2 KikWs s A8k
b B A 3.2X10X120mm » v R o MkGEEGRERE, 20MKEME
ok BRI MERIS6HE 9 B~10H 4 B
ik BRS F —RAHIK B T UERIK, HT32~35°C, #eg+. 2~5. 49, PHG.3~6.9
12.2.2 % 8 B
B b PHSRBRIC X B EHEREDMFiEE & LT, $RATEICE 5T & & Lo SIS, W
RIEFRUASIE, SOVESME S X OB O 4 HRIC S X154\, S 5I2TAHORAEE R Rd T, Yil
VESEME, W KIHTRABIE, WAKRIGEA, SUKMBLRBE GOSN Table 12.2~12.5 0
B CIT > oo MHSERSUALME T SRR E A R X W T2, RS Z D % 3 CHRAIT 2 & IRESHR A &
DI L > THLEENRBI LR BDT, ROMEBHARICLBZ L L Lit,
{ii#4ERS(Scoring of Cost) =/ 100—Cost* 10 (L0
*  Cost=1kHli#+BIET.# (Yen 2Coats per/m?)

Table 12.2 Sgormg Standard of \Vorkmg I’ropcrtles(Land Tests)

Item i Grade i Condltlon [ Score
Ay Easy ; 5
B, ; Smooth to Some Degree or too Smooth and make Thin Coat C 4 5~49
f,f{)‘i‘lsi‘t“y Cy | Slightly Heavy, but be Possible to Smooth by Weaking up to 5~10% ' 4. 1~d.4
D l Heavy, but be Possible to Smooth by Weaking up to 5~10% 3.7~4.0
E; ! Hard to Coat(Hea.vy and leflcult to \Vea.k) 0~3.6
Az bmell -less, Harmless, not Explosne 5 "‘
) ) B2 A Little Stimulative Smell, Necessary to Ventilate, Little Explosive 4.5~4.9 l
(\;ZEOHSCd Ca Strong Stimulative Smell, Necessary to Ventilate, Little Explosive 4.1~4.4
D2 Strong Stimulative Smell, Necessary to Ventilate, Much Explosive 3.7~4.0
E2 Harmfull Gas, \ecessary to Mask and Ventxlate, Much h\plosnc 0~3.6

b
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Table 12.3 Scoring Standard of Surface Inspection(Immersion Test in Land Tests)

in Reference to Ag/Ag C/ Normal Electrode.

2) Corrosive Elect. Potential of Bare Steel---- —630mV(Testing Value)

— 65 —

Item | Grade Condition | Score i
JEp— ———— e - _— - L. - t
! A1 | No Blistering 2|
B: Small Blistering, Partially 1.5~1.9
Blistering Ca Large Blistering, Partially 1.0~1.4
D1 Small Blistering on Whole Surface 0.5~0.9
E; : Large Blistering on Whole Surface 0~0.4
! As E No Rust 2 i
! B2 Spot Rust, Partially 1.5~1.9 I
Rust C2 Large Rust, Partially 1.0~1.4
D2 Spot Rust on Whole Surface 0.5~0.9
Esa Rustful on Whole Surface 0~0.4
Az 1 No Scaling 2
B; ' Small Scaling, Partially 1.5~1.9
Scaling Cs Large Scaling, Partially 1.0~1.4
D3 | Small Scaling on Whole Surface 0.5~0.9
Es ; Scale Widely on Whole Surface 0~0.4
A4 ! No Scaling by Strong Scraping 2
. Bas | Scale Partially by Scraping 1.5~1.9
Adhesion Cs: | Scale Widely by Strong S 1.0~1.4
Dy Large Scaling Partially by Pushing Only 10.5~0.9
E4 | Scale Widely on Whole Surface by Pushing Only 0~0.4
A3 ' No Tacking 2
Bs | Small Tacking, Partially 1.5~1.9
After . .
Tacking Cs | Large Tacking, Partially 1.0~1.4
., Ds i Small Tacking on Whole Surface 0.5~0.9
Es | Large Tacking on Whole Surface 0~0.4
Table 12.4 Scoring Standard of Electrode Potential(lmmersion Test in Land Tests)
Zinc-Rich Paints Other Paints
Grade l Condition Score Grade Condition Score
A Less than —820mV 4 10 A More than —600mV 10
a1 Keep Protective Elect. Potential a2 High Insulated Coat
| ’ .
B I —650mV~820mV 8.1~9.9 B2 —600mV~ —630mV 8.1~9.9
—650mV - « —650mV
€1 Corrosive Elect. Potential 7.0~8.0 Ca ! Corrosive Elect. Potential 7.0~8.0
Notes: 1) Protective Elect. Potential------ —820mV



Table 12.5 Scoring Standard of Surface Inspection(Salt-Spray Test in Land Tests)

Item Grade Condition Score

Al No Blistering 3 2
B, Blister along Cross Cutting Lince 1.5~1.9
Blistering Ci Blister along Cross Cutting Line and Plate 12dge 1 1.0~1.4
D) Small Blistering on Whole Surface 10.5~0.9
£, Large Blistering on Whole Surface ‘ 0~0.4
Ag No Rust 2
B2 Rusty along Cross Cutting Line 1.5~1.9
Rust Ca Large Rust along Cutting Line 1.0~1
D2 Large Rust along Cutting Line and Plate Edge 0.5~0.9
E;  Rustful on Whole Surface " 0~0.4
As No Scaling 2
Bs Small Scaling along Cross Cutting Line 1.5~1.9
Scaling Cs Large Scaling along Cross Cutting Line 1.0~1.4
D3 Large Scaling along Cross Cutting Line and Plate Edge 0.5~0.9
Es Scale Widely on Whole Surface 0~0.4
Ay 2
By 1.5~1.9
Adhesion Cy Same as Table 12.3 1.0~1.4
Dy 0.5~0.9
Es 0~0.4
As 2
Bs 11.5~1.9
%i&:(ikring Cs ; Same as Table 12.3 1.0~1.4
Ds i 0.5~0.9
Es ] } [ 0~0.4

EIRFETRRIR RO B TIT75 o Tze

AERKR O O bREBEAR L BAARR L 24 THAMRLRERZ LitT 5,

BHAshR, VEEMER X OGO 3 EHEIHT 254 EKD 5,

FETRAUE (BHRADHD - (PR - (M) =53 2 D% 1% T 100455 L 5, Z oM

R Lo EckoBMEI X 5,
a. BEHEMNET 5103 REEAEOMICRIE O BUREMR £ X TR D OB E LA, &
AR TR AEP D BEOR AR RO by, Lo TERBROGIEIC BT
BRI OEGI S AEEE 1 BRE LT, EEYE, MK BT s8ERE LT
WODBECEEL B,
b. BEEHOYEIC L > THEEHOKLE, VLI afETH S Z Lo b bR F EmBK L
BT
c. EEHER, BRTREBZFHLYCLOTHY, BEMADROBERAVZ 2D, KRS
HBIC & B MR R RS ERAR L — RSP, ThEEChERE2 52 LIERKTH
5LEX 5,
d. PIEOBMIC X o TR 3 BHREHRAME, 1EfEdE, BROMIE X, HaRst o E
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Table 12.6 Scormg Standard of Composite Gcorc(Land Tests)

Indn ridual !
Scoring Item Fulslcggrk : Co(r:noggt?cfn Product
Surface Inspection(Immersion Test) ’k 10 ‘ 2 J 20 ' ® )
' Surfacc Inspection(Salt-Spray ’l;s;:) o 10 l 2 l 20 ' ®
Electrode Potential(Immersion Test) ‘ 10 : 1 ’ 10 ' ©
Tmmc&@memma _— “j 5 lé+0+0 | ®
Working Properties ‘ ) 10 | 3 ! 30 ! ®
| Cost | 10 '| 2 . 0 | e
Comporie Seor T R P I

W00 SiMic a5k 5:3: 20 HRESR 7o,

B, BARZRS, BAFAIRGHEOX G SEBA AR Y bolcid, ERBEEROFICIEBE BV
T (FERBR) : D=4 1OkEREZ 52 %,

BRERCHEDO L V20 TR, TRZhADMBR X > TRALH S0 LB, Z0iRsE
WEDTRE—RIEEET 0T, SBRESCHREFRTRIAEREEZF>THH T3 L & Licv,
FABRSEEE DB L Table 12.6 L /13,

12.2.3 SR

MFEFHOUABHERORR LT O, FAMCTE 2w, DI TRt L,
SRS VNP S ETOLOL, IR - e EERERE2 BT 200 L LT, HEDOHO Y
vy FEEABEL OSHISEREE LY BT,

12.2.3.1 HERHERE GRARSIMNEToORKE DV s Y o F5ED
Table 12. 78R,
12.2.3.2 HEBRHRAH] ARSI E TO®EE P 7 ) v 755D
Table 12. 8 M,
a. FMEMBERSA
(i) HABBRABRSERE
@ F-NEHECRF VBIRRE B XK F VISR B ERICET %,
@ Z—~NVREFEE - BT HBRELETH BN, EUh—VIENCE Ul S UR%
RTEICRELT, B L EF2EAER i,
® KV v vy gk
@ ©=-—pfeek
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b SLEGTEH B

(i) YvoyyFigy
B 6 A 7 VOBRED 2 %4 7 VAONIGEANT — 1000~ — 1100mV THHREA 2 F
S T2z bpnbb ¥, REHESFC LGOI BRRMBR L.

(i) Zofho %k ‘
[Z#% 0 2 %4 7 MO — 500~ —600mV T, FEAIE — 350~ - 630mV 0
WA » Y FETREHEEHEOIX TR L h, BEBMITZ SV,
BWH O HABRTASTEHICS 5 S E R o el d, FHUEZ D b O ORI D

Vo
12.2.3. 4 VEE£MIES
RY T v g CEIRREA LA TR » e, ERIIZEND I,
12.2.3.5 i #% 1% 5

vy )y FEHUNOEHE TRk LTHEDROBESZ LD ETH G- THY, Y
grm = PTAT—NELEERERTHB, Y7V v FHEENIEROE T b M~ TRAIR S
iz d %,

12.2.3.6 ¥ A5 A

SR ATEEUIRN & B A BRI & 1, 13 E— B LI &7 LT U B 2%, (ARAR A 7 b 1 I
ROANPLolbD b —Hd 5,

FARAITOWT, FBERIIOHATERENRER D BY o BEHE,

@ - R R UBRSE ® Prvrsmr—r754v—

B RY YL E RIS ® = —vElRsE

B ¥ -V REEEE @ S Ouksk

M xEF UBHRE @ Tvri oy Fuk
OIFRL & 72 570

FEERE L BDRONT THREDOREE /IO ¥ —VEHZ R VRS T 5,
12.2.3.7 S{EAREHRSTSE
BEE TR 2RI >V THREBHRINT L 0 EFEIH 2 Table 12.9 127k ¥
12.2.3.8  EMHABRERELER

a. BRI

SEAMER 7 v 7 O, BETROFA LI2EESREH, 5 RIN0FEE L #R Lz (Table

12.7 1),

b. v Yy FEESO%RE

(i) A4S LEbArsE (TEI~TE3, EI~E2, T1)

HATAED LML 6 M ETEETERULLS, 20Ky 7 vy U#ifgeE (P i
DT, Tr oy JHNETREDSNORESH TR EABRIC BT 5 L) niFRER B &
HBHILRFARCIZEMTHZ L LT, ABEA -7 0RBREERHED Y, BB
U3~ 7ot BEE ER L.
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Table 12.9 Mean Score of 32 Paints (Land Tests)

« 8 | Anti-Corrosive Working Cost Composite
. °a Effect Properties Score
Paint Type Sf |—— R
Z(}\? Score @ | Rank |Score ® | Rank |Score ® | Rank |Score © | Rank
’ o l
Coaltar Epoxy Resin Coating i 10 45.7 1 24.0 6 16.9 4 86.6 3
|
Epoxy Resin Varnish 5004541 2] 246 50 165 71 865 4
Poly Urcthane Resin Varnish 2 45.1 3 25.5 1] 16.6 6 87.2 1
‘ ! |
Vinyl Resin Varnish 1 43.2 6 24.6 5 18.1 i 2 85.9 3
| !
‘; | [ | i
Zinc Chromate Primer Po1r 436! 3 24.6 5 18.5 ¢ 1 8.7 2
) w ! i
| | [
Rust Preventive Oil Paint 4 41.5 . 8 ' 25.1, 3 18.1 2 84.7 | 6
D ‘ i ' o A
Coaltar Bituminous Paint 5| 44.0 | 4 24.8 ¢ 4. 18.0 31 86.7 | 2
e - = e - ! — —_ — - —_
Organic 3 39.7 ‘ 9 25.3 2 16.7 5 81.7 8
Zinc-Rich Paint !
Inorganic 1 42.4 l 7 25.5 1 16.6 6 84.5 7
il — o

(ii) Yvrrmr-1+754<— (ZC1)

SRAEREITIO TH o7 A, BNEEY Y OBBIRHAPRLER TH B i, A
ELTA 2.

c. VrrYyFEE

RADHEMKDOIERAC L VPREITRIBHECIREELZELTR Y, M5RIIEHLED

R ek 3o, FHE 2 BE, ORE 1 EE2ERT 5.

327k P ARSI R X D EMEBRMERE & L TRR Licoik Eidom <,

A%s
123 £ @
12.3.1

12.3.1.1

LXBXDXd ;153.00mXx22.40m X 12.80m X9. 20m
BEAAST 2 v 2id, No.SBLUNO6 by 794 RV /D4 27T,

F— VT R X VEIRSRL - 3 T
B — VREEE R s 1 fEE
I IBRA— T e 1 FEH
DAL IS 3.5 - TSN 3 FEH

FFIOEH TH 5 (Table 12. 10 B,

101

8

OB

#toBoM
RS SRR GHRIBERTE, . 36. 12 158 BIEAITEE)

AT 220m?, SEIHPEREERILK 630m® Th B,
7 v IR

12.3.1.2

g e LTAER~ T 7o
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Table 12.10 Paint Samples used on Ship Tests (12 Samples)

No. of Sample | Composite Rank in 32 !

o 3951 . :
Paint Type * Samples ' Mark Score Samples | Coating Tank ‘:
TE1 |  88.3 7 §gg$f§5&50 |
Coaltar Epoxy Resin ‘ R
3 TE 2 89.8 1 No.5T.(P. & S) !
Coating
TE 3 88.6 5 ” |
1 88. 5 6 "
Epoxy Resin Varnish 2
E 2 88.7 4 y |
\
| e
Zinc Chromate Primer ‘ | 7ZC 1 86.7 i 10 No.6T.(P.)
N L o
Coaltar Bituminous Paint ' | S T1 ! 88.8 3 " No.3T.(P.&S.)
| e
ZR 1 83.0 30 No.6T.(P.)
Organic 2
Zine-Rich ZR 2 82.1 31 ”
5
Pai
aint ZR 4 84.5 26 p
Inorganic 2
ZR 0¥ — — ”
| ! !
Wash Cement ! 1 W.C.* — - No.5T.(P. & S.)
o ) i 1 : :
|
Total | 12

Note; * Additional paint sample.

a. {E¥ (Table 12, 10 1R)
e T HaABRAE R X VBRI Lic 5 RFIIORERRR RN, Ro 2 FE &N Lz,
(1) Yy )y FEREHBE1HE (ZRO)
(i) vH+yvvatrrb (WC) HEA
b. &7 RN
(i) BOXH
Table 12. 11 DB CHFHE Lz,
(i) #|BELRMH
THULE- SR, B, EERATISRSINTIENC, Y3y bTIRMEYA Y V2T
A = — 1 [ApR%E,
TV—h, E—bBIUREIREREHIICT 4 279 v F~ X5 EUE LD &,
Bk BRI, RIER 2 [,
c. Zn BLU Al BRREMTES
Zn BZRR---BiEE16.5kg, No.SBIXUN0.6 by 7H A K& L o 5MEI0E 6 A5,
Al PEBR--BATET. 25kg, No.6 b v 744 F# v 7 JEREIT 6 &,
12.3. 1.3 % v 7 NEEBH
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Be Lo fb L D ILEE L, EMHRIEL OB O, 3.2X300X200mm KBRS H ¥ KO BIE T
REE LHUT 720
a. %
THULBRRR @HEE R IZ AT, Ya v PTFRMEVF YL 2T T A — 1 MG,
% vy R L RAl—3kt & BIES 2 e
b. Zn§l
CPZ 25mmg¢ X 10mmt % ¥ 7 V v FHRRPIN O FHERFA I 1 7 S 2 BT 72,
BBMWEEF OB E DL T3, BB EARBICEE L, E-ATEMENLTHE
N ANEE TR TT .
12.3.1.4 HERHER X UHERR
a. ¥rrRHE
FAFIS6AEI0H 27 A~ 11 F12ENCHY 1| [ 2R, 1MF12ZA~TTA23 i 2 M it %
375 o720
b. R
MBM36FEIZHAIS AR TSR, HE~T7HICEN, BR37Ee H8A=ZSA A E T %
(BROREESEMFIE 1 F oy ZIZARE To 196 AR,
c. AEMB
(i) ZRHRBLATRE
MR, 5 2 MRBFCRTSE & A0 So& K.
(i) v rHEMB I UEBRFEMT
N5 2 MERAKROBAFRIOME 1 RS AW KIE AL, FHlssAEesHe
fesomat, BN No.6 by 74 F2 7 (G ORTTE -7,
(i) HEBEEB X CEMREEHE
AAERICITR o720
12.3.2  {EEEMRBEAIRE
12.3.2.1 5 x + ARBEK
BRI 196 B 5 B, 35 2 MERKEIRTE 4 MIEEHRESI AR L 5 > Twv %,
BBy OKET T v 7 BREONO%ITHYT B,
12.3.2.2 ¥, By
BRI P OEHRURIL25°C~32°C, 1 AHIBIFLKBREDOHLRE,P 720z 2 Bn20°C ¢
Holce
v—Y U, RRhBEVIRED, BAYELOREAKREIT, MLvya—~Y IR EL
T2 BicsAle, 3AIRIAITH 7. Ty F 76 HiZkRvo 3 [[dH -7,
IO DOREA»HHTAT 2 MERKHIBFROMIBIRHEIL, PBOLRTF Th-7-L¥iah s,
Z Iy BREDOY%IEKICE Y & v IRKDO Y + —F — < —VERI 2 BROBEKIBE By
i, B ThoztEZIONS,
12.3.3 FH 8%



12.3.3. 1 SRBECGEEHE

KRR OTIT ST L 52 & 25, B EPMERBIC B TR Ui iRSaT izt
BT oM EBEREO PR VL0 ENSRE T 55T, AREELE—S A THRINESTH Y,
BELITHR G,

Lir L, SEMRGRER TSRS TR R Y, WIRIC X 2REBETL 31 Ly, £, B
HHREE LD DI LIREAN BRI bIc B e, Wr{ES+sZ g chY, TS
KEBENDD B0

T T CARME TR, BIRERLESN, SURIWIRL VD 3IHEIIEEL, %4 2 B{LRE
T T s BRI 4310 TEHIi+ 2 2 & & L, Table 12 12{0 7R3 BB EHE & Fl v 72,

Table 12.12 Appreciation Standard of Surface Inspection (Ship Test)

o GEdéy!_ : !
. A B C D E
i ITEM i |
' Blistering Blistering Scattered Blistering
Blistering No Blistering <10mm (10~20mm) Blistering >30mm
(Partially) (Partially) (20~30mm) (Many)
Spot Rust Spot Rust Large Rust Spot Rust Rustfull on
Rust )
(Stightly) (Partially) (Partially) (Many) Whole Surface
Scaling Scaling Scaling Large
Scaling No Scaling <10mm (10~30mm) >30mm Scaling on
(Partnlly) (Partially) (Partially) Whole Surface

3.3.2 KIAMEHE
Table 12.13~12. 15{27RF,

12.3.3.3 & e
- UEEL RS AT

(i) #—nZHExR% Ui s X xR ¥ v EliEse
i SRR, B b RIfRIERETv 5,
(ii) ¥ —-VAREFEE
STEHCRTHNT, (EVEBE, <D TR~ THEEIR G, &0
HEUDRZOZEPLRT, B, ok —ABIRERISEL T3 5B ThiTH
B R B 2 L T h B, ‘
(i) Yvrrsmt—pb754~—
MY E S EEERLTY S
Gv) P2V yFA b
BB VALEMICHEE L, SUOFRELE L, ARBEEFELIREAED -
7oo EMIMOBAKREICIERYEU TR VLD TH 5,
BL, PHREOBRMIMTGETR, BEOHPDEL, STOFEDLFRIHCEE T
VEDORBERE R, TOMIMIRRBROEET, 7 ilkGHETL T T~ 2R~ 2
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L LTHRAHARD Y, MMoOMFNC AT, HEBNHKCHER L Te A AP v, 20
HA b b IIKEMREOBRARKEOR LEN I 1 b s, '
b. RIS T HLBE O R
soumblc il Ue g & LT, A8, W, IBBICIERT, Z7v—24, E—h, n Y0
R E - T B,
7z, FUrIRERE L2 7 EMekE T, R OISR RERINETH o7,
BRSNS THD L,
(i) AR, B, BER-INLIANcY 3y b7 T A MCE B IN AT —VRE, BROU A
v ¥ a T4 v -k, HEEEIM LB TENMOMIC L D PETR T,
(i) 7v—5n, €—n, vov-HHAR LREENC, SUOK LEXETL DR
T, MHEHEICDY, SUHELBESRE—CLIH\,
(i) HEFE Y3y NTFRMEL vAyvaTTA v~ BER, B L K
T, WEMEHE S 7 WHEICHATHRD TOvd b I RIF R BENTE S,
LD, HEE T RA L, BEEROBSPEBENSLORAEEL T LOLHE
Zbh%b,
c. Mo bPmEERIC 381 BB RSN & o LhEx
BERSIE, b5 \VEEEENON RRIAM TR EPHARKOMR L BER AL
R UTce BL, # v 7 RERERF ORED b BRI ERZETOLBE I LAHE S h
Bh 5, BEO AR SVTRINCEER T 2 BE’ D 5o
12.3.4 &K REDR
12.3.4.1 72 47 5F 3
No.6 by 7HA K& v HEBMICE T E v 7 8MEB L0y v 7 REBA OB EZHTIT 2 T
ETH o, FHMHC — BT & A U CRBUAETI L fTie 2 e b o 7co
Table 12. 16 (£ B/ IHRIO RN, T & TR O SN £ 7R85
12.3.4. 2 Bkt st
539WMHOAl%i@ln%@OMﬁ&A%ﬁuwibkoiﬁﬁﬂcmwwtln¢%@K
DWTHREEEROBERED 2 OMERIEXITR X ah oo
PERRRERIEE & 0 N5 2 MR OFRELL LR X ORI EHE Lico s Table 12,17
TH5,
12.3.4.3 % %
a. B RS
R R BV OFREN RGBS E R ERRBICE > T—E LAV, —RICRAHN DY)
A THS0~100mA/m?, RIF/s = — L Tiify10~20mA/m?, Fic, HMfEREERE TR
25 ~40mA/m? BEOEREESEUTHSH 5 LT 5,
b. THFURIERBE, & RIEFREERE Licy v 73 T B EH S SRS
mA/m? C, FBZHRY v 7 IR THREL BB P o/l bbb ZUBRHTH

BB WRILHE (BB H)



Table 12.16 Electrode Potential of Test Piece in Tank (Ship Test)

(Agh\gCl Normal Electrode Unit:

!
|
b
}

Initial 9135
TE 1 Last 1050
Mean 1010
i " Initial 1000
i TIE 2 Last 1050
; Mean 1015
f i Initial 1000
L TE l Last 1043
I ' Mean 1013
_ - e
’ Initial ’ 915
i1 Last \ 1045
i E Mean i 1005
i | Initial | 913
: |
: 12 i Last l 1050
!
¢ Mean 1005
| ! - - -
F | Initial 1010
boT | Last 1040
t Mean 1015
- ) t
| | Initial. 1005
W. C. ’ Last ‘ 985
l Mean 953
! Initial ! 880
! Bare Stecl | Last 960

Anode

Sample Mark -

| Mean

Ist ‘st,r\ ice

i

| 13 days

t
f
|

|
|
;
|
(

—~mYV)

an Service | 3rd Service 1 4th St_r\ ice
22 days | 14 d'x) s I 12 da}s
]

1040 1020 | 1015

1033 030 | 1020

1030 1030 | 1035

1020 | 9953 995

1030 i 1020 990

1033 | 1010 i 1003

1020 1015 1010

1030 | 1020 1015

1040 1020 1030

1040 1015 1003

1030 1013 1010

1030 1020 1025

| 1040 1020 1010
! 1030 | 1030 1015
_ 1030 1030 1025
{ 1020 010 | 995
f 1030 1020 1005
1040 1020 1015

920 $90 775

970 [ 970 940

963 { 950 900

770 610 545

695 | 705 643

$20 675 625

Table 12.17

Test Period

Tank No.

Anode Total Weight
Anode Total Decrease

Theoretical Output

Efficiency
Actual Output

Water Ballast Charged Term

Protective Current

Protective Surface Area

Density of Protective Current

Actual Protective Current to Tank Members(Ship Test)

kgXNo
kg
kg
Ah

%%

Ah
Total Days
A
m?

mA/m?

|

No.5TS.T.
(S S]dc)
Ln 16 ax6
99
19.3
15800
90
14220

1961.12.15~1962.6. 28

No.6 T.S.T.
(s Side)

Ln 16.3X6
99
18.1
14800
90
13320
61
9.10
630
14. 46

No.6 T.8.T.
(P. Side)

Al 7.25X6
43.5
14.6

43600
70
30520
61
20.8
630
33.1
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Table 12.18 Dried Coats Quantities (Additional Immersion Test)

Sample Mark

‘TEI[—ITEI’-TE;‘_EI E2!TI lzC1 iZRl}ZRZVZRAtiZ_R()-l

Coatmg Film Thickness

39. ZI 33.2

|

Note ; Value shows the mean of each 3 test pieces.

— 81 —

(2 Coats) Iz 95 70 90 60 100 60 70 55 110 75 103
| '

o Covering Quantities 1.2 45 45t 452 298 459 380 704 913 1400 837 1000
- I (2 Coats) - 4 ' .‘ ; j
T e Ty ‘
i Dried C(‘Z’a(f;a%:)a““t‘“ gim® 250 249 294 153 240 202 378 554 923 478 709
: T B _ , ; N l
B/A % | 65.1 5.1 50.0 53.1’ 53.7 57.2 64.9’

!



a. AR B

SR BE LTR Y7 7 v 2= T 74 v—~BIUTY s Y vy FirEEBEBREIC v
T, PTRESEOELTIED &I hs, o REF T ERINEM L0 & < W IRIEIZSH D
H¥ o 7cgfbxd LCTviih » T,

SR EOBRBHEBRFICLRE L T ol,

Zn PR BRI S UABI DU R L 6L 5, o &) LN Bibh b
BESTHEOY, Zn [PBMERER 2L THk I LIoHT 3 BERBoE L FRHITY 2h
o fe HRELRYIT LT BRI & BT R 5,

(i) Z—nLHx R x UBEREB X xR % VBHIRER (TEI~TES, EI~E2)
R Lo

(ii) & —NRlEERE (T1)
LR 2mm f720 5 ups Zn BRRHS 23 CII SRR FELE, JRIUT S CrREiiic g L

Ty 7o,

(ii) Yoo rwepr—pr754~— (2C1)
Zn PRI O3NS K S R A LT 9, BB TR 10mm {70 4.

CMBHIEL T3, ZORSNOPTIETI T EEBRE IR OB H -1

Zn BRREUSIME, BUNS K OSBRI > T 52, BIEOEZAhE iiE &

Ak CdH -7,

(v) vvr7vvFisk (LRI~ZRO)

[Pt 2 ~5mm D5 UAEEITIEE LT fe,
b. Zn PEHERSFERLEE

ZR4 RER R EUE 433 &0. Smm, ZRO HERF BB E 1 mm EEOAAE £ Ty
foftie, IR LRI CRY SN B TEOWEIX L o T,
¢. RERGRMOGE

BEARIBZ LD D I © To D,

(1) LT RIASRKE DT TH o 7,

(i)  FA—HgkiEbi R a0 7o DEER AR D7  BRAS(EPRIZIC I 5 T B,

(iii)  HEHLUHEK O HEEALL. 015 k /072 v,

GRS EIE D & LB X IS, BIEOMARA 105D, B Zn LR DLo3EE
e B ERoTcbEL OGNS,

12.4.2.3 46 A st g
HERERE O, & X O & Table 12,19 255k Lz,
a. Zn BERRZ BUS T 75 v SRER i o0 ek I R AL ©, RIS AR CHBBIETR LT

BEHIED IR E DRBITIL - T %0
b. Zn BERHHE BB T TR 2 S LTV 5,

12.5 # E
RS2 E IR ORBRNIERE KD B, EHERICh 5 LR X UENEEE F i

A
2473
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Table 12.19 TElectrode Potential of Test Piece (Additional Immersion Test)

(Ag/AgCl Normal Electrode, Unit! —mV)

Elect. Potential ‘ Elect. Potential
Sample Mark i Sample Mark - e T
Non Zn Zn YaZn Non Zn Zn s Zn

e )

I 6653 895 I 1 540 988 985
Bare Steel T. 723 094 - T 1 T 705 1030 1020
M 713 963 - M 698 1017 1013
I 350 975 978 I 550 972 975
TE 1 L 705 1035 1040 ZC 1 L 665 10153 1000
M 686 1017 1016 M 643 1006 998
1 565 975 082 1 1048 1045 1050
TE 2 L 704 804 1014 ZR 1 1. 1046 1043 1048
M 682 348 1014 M 1046 1040 1044
1 555 995 980 1 1013 1000 1000
TE 3 L 703 1025 1037 IR 2 L 1010 1014 1014
M 684 1022 1011 M 1010 1011 | 1007
1| 528 962 972 1 1000 1004 1004
E 1 L 701 1051 1048 ZR 4 L 1086 1084 1085
M 673 1027 1025 M 1068 1068 1069
I 543 980 958 1 700 937 930
E 2 L 684 1032 1040 ZR 0 L 338 1015 1007
M 666 1025 1023 M 827 999 985

Notes: 1) I---Initial, L.--Last, M:--Mean 2) Immersion:--31 Days.

U7o 8, KEROW & /% 97,
a. SEMFEREEEERIIOHMMA TR, HENIKET, #— A Bl RX VEEENBLI Vo KX
VBIRERBHREETRL, YY) v FREL Vv m A bS5~ @FATRA I VIR
TR E LTRIFE LS AVERERLTY 5,
b. P LREBRICE T BHAMREMET L, EMRBER L, BERUEMERLTBY, EEEBX
Ul OBEREEINX T, BRI OB REIZA T %,
Lichio T, AT R ME v 7BASROERE, BERBROATITR > TOLRELBIRIARVD
DEHWER B,
¥70, B RTPRERBRERICN L SARAOMINEE, ARRICEVTHE, BBURAEYTH
ST EZTHECTHSH,
(L, HEOWMAMMICBEI LT, BERABMEROMZOEEWATE S LIRSV,
C. WA FHMLEEO B G A REEAE I RUE TSR TR ) A & < BEbhi,
BEEIRTEDET Yay VTR, FURTITRA NS Y IR — A ESEEIKREL,
ZOBBELPICTHIE VLB 2 AR B B,
d. BRPTRIZ S — VR R VElERE, —Rx VEITRRE & 08 LciBas, Bb RS R»

Of:o
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135 AR 2~ 2R A BEH A ORSR

FEAG WAL B S

13.1 # =

MO 2 > 7 DY I ELBACECIRM SN D X 510 - TED, OB AS BTG A
o BRIZVAVEH DM, TOH I, FMEHRICS 7 BRELTEOFEOHAREBIZ/Z > T3 Mh
THRNTRCZLTHD, TRERAT 5 OEMEREIT, HHEHO ¥ v 2 AL, BHoKE
FERB U, 213, BEARIUDCHIEI P b THIIRERT TR VIBAR H 5 & &
T, THIL Mg Ry VEMTHD Z L ICBRAS 5. Zn BRIT Mg BRI 3 L RIS 5
B, FERZEENCEN T V20 TEOMIEYTRT S 2 L1 L,

13.2 5 B £ B

TTEEHA No.6C x vy o1 Xillic Mg [5HR 3 A, Zn R 2 @5 X CHEERE BT 70, 1
FROFEATEWIE 0.025Q (Zn) B X N0.05Q (Mg) OEES&EUNT T, = OWIEOEA & BE i &
b, R 7 BURREEBAECL Y, WIFRLFRCHAILY 2L 510 Lit, BESF v 2z
2T oz Mg BiRR 158 2R27{@IUHiT Th 2.

13.3 & B & M

AR DM B SOHINEE TR L7co L LANEDIBA T41, 44, 45, 50, 51, S3fvaixiEK Lz
B Tee e 30UHE L 408 X USSSATHED — MBI I I BRI R S0 & - 7o DT, & DIRSHIBRS Lico
COFRREBFAIORER, * — 5 ORHME, HROBHETHZ, L LEOMORETIERIETI
FlEN Tz, BEIOBERROBY Tdh %,

13.3.1 # v BN

WG D & 7 EAL Fig. 13.1 OBY Tho, —RIZF~T 435 2 FOPABBROETRR
< Bk LI B RIS MRISAMBI BREANIC 72> T Be 7 ) — V85 % b OISR IHEH# D40, 48

"

“{"l ” .. Ci f.ulcﬂ‘llut
7 o D 2 Diky Bullast

] 1 1
/ 2 3 4 5§ 6 7 & 9 g0 i 12 3 K 15 16 17 & 1F 20

8 allail

Fig.13.1 Tank Potential of Sumatora Marn
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S L OB TN 2 A EIAGE IS » Ty B 05, 3B X U0 T3 HHICA - TY
WAL B UL E5h oo Toe =T 4 55 2 T OMLIC AR ORPERLTAZ T -2 L, TD
BABKIC 7Y — T 2 PR IBATH RS i LTy 5,

13.3.2  BFROFEAETR

Fig. 13. 2 i Mg ISfRORKETH & # » 7 LA oE%, 35 &0 Mg R0 RERDEIIRE & # T o X
X2 L CHIK O AR 2 208 X 252 em & LTaG O RRAELR L/ L TH D,

1100

100

200 o

Torned ol

70

400

z
Edechic Covunl A

TFig.13.2 Electric Current of Mg Anode

Zn BROFREBRIMSOME I L VEHITE A h oTe, EREI O BMOFBEUKEETS
L Table 13.1 X 5tk b, Mg BRRIZBHRICENEV/NE L Lo Teh b, VEFEEUEIR 2A
BRI 27D ThH D Do BN # v 7 ILARE LTIV, Zn WHRORELRITER o
BRI v d b & FFE RS < SHEIE & K3 M o Tq

Table 13.1 Current Output of Anodes

Kind of Weight Loss Current Output Ballasft Days Mean Current
Anode (kg) (Ah) Clean l Dirty €] |
1
Mg 6.5 8580 77 87 2.18 I
Zn 13.0 2220 77 87 0.93 |
Zn 3.4 2520 71 87 1.05
[

13.3.3 & 7 RORE

RS EETORBRAERNEF CHEAR DAV, EEHE 2 VEESD VBN Z P -7, K
WIEREBY 7 A LEBENE L, WTFRLEL LTEROE v F 7 Th s, ADS WEREIZH
ecikiva, (iI)2°7 2 FEHIKULIBROIRKBILRNEZ VW2 &, (DR RIZREENT & 5
NI TR T DPKEKEODIRR, Coating FOYRPB DRV LILIBDOTHS D,
13.4 # ]

13,41 SRR ERRERERET » 2B ¥ 710 1EKT 2 & BRI JEAriE — 1000
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|
|

mV ST L7, A0S ERTLAEITEL, PRUMCAD I 2~3BEEL TV 3,
FOEHKIZVA A B DY, MBS Table 13.2 0L 512k D, MR VAERLBZ LizE
FRBEH DA D, KO 2 7 BEROETRTFHELY BFT, HAXFDIERLTY2, £
B RROFEALH L EIFIICE D » T2e T F & DA TR L LTI KEKBRIFCH » 7023, KO
DRI S ZOICIBARORENH 5,

Table 13.2 Comparison of Test Results

Tank \node Voyage Current Output Tank Cathode Current
. i Kind No. and Poten- .
Ship . Size , Sub- Type ;Ba.llalst . . tig.len Density (mA/m?)
No. (m) | merged Number Days Design | Estimate (—mV) ) -
i Area(m?) Design | Estimate
] (gg) 125 19 | 1063 | 125 119
Zn(15FT) 70 _ .
] 1 (2) 7 117 1075 ” 117
" Eiho 110X8.8 -
ac 1000 (’{) P 110 | 1080 P 110
Maru X11.9 - -
Mg(155) (’i) p 110 | 1035 " 110
38
(73) " 103 | 967 " 103
42 . . o |
‘ Zn(ISET) (2 89 65 734 78 37 w
43 y 67 588 y 59
. . 2 ( 3) 4 > 4 A
- Sumatora 10.4X11.2 43 .
6C 1250 (18) % 60 | 803 % 53
Maru X12.4 - i ;
Mg(155) (fg) ’ (48) | 868 ’ @2 |
29
54 :
Y 35 845 4 31
(17) 4 ( ) ‘ o 4 B ( ) !

13.4.2 ZI7RORMIBE Y F BV Ehote, TREHIETH720DITIT,
(i) A7z EKEDLTBZL,
(ii) ROVTFRPOFHEIC L V5 2 VKR BMAOKDIECIZEEEIETZ 2L TH
59,
@ PR & #500 L3RRS Coating DR EHIT,
b %7 OFRXBIOREETHIC, KERHELT Zn 3 ALEREIIT 5 2 L,
© FHICHEALTLEX 22X 5 BHAAIT, L2 bKEETHICHET 2B aF & Hk
BE T TR 20~A0l BT BT k.



B14%E ALBRBDO N7 2+ 2 v 203 30 H

EBEY MAARPTIER

4.1 # T

WEBmRE LT~ 72 vy n, B8, TAIGMRDHER, FLLTHEASATYERR <R
TALTRTH D, TVIBBRIHECHRTHAEREY ) OREBRAPREVLE VS EFE & 2
7, REBELRT VL WIREDLDDOEVERSA AP o7, LA LESROIRINBELR) THERER E
LAWESRDZ b, Alloy BOSE LTEMAIID LD ickolc, L LT DAL
IRl D 325, BREMS RS W OFRETRI T eV EREREFACEETH 5, HHE
RIZBHMIECRREBRPNECDIZERT BIBENE P - 720, TORTREWESN TV,
77N IBBITEIRO & 5 A EEY D ORETIRE S CALEN/NE WS AT T HER
ISR RRE KZER 71 B,

Tihbb B60S ORI EMEME R LIZEWIERVI EIZhE 26, T EEHRORHEIcL - T
BEMELEOXEEET DI LA D, L LREZESMTT AV ILA YO DERMT 2L TV
BOBAAET LRI VIS 2 0, FEUREAS DS L BIR LI, LrLA v Oy AERN
LB Ean 7V IBROURBE PRV REETh olce £ IA VU, W, ZOMEELEE
BN UT R VEE e VED IR Lz 2 25, A VP T L 0.1~0.29 L T % 0.5~ 2 %I Lk
PRI HE CRETR O L P o O CHlRO # v 7 TEAGRER L,

14.2 7N BEORFR

TN IEBOEFIRETLRENRECI L TH 5, LIEOFKEERRIT 1 {L2ESER6, 5007 — v
v, Thbb 26.8Ah THEM» o, JEFRGEBEMROBMELRY Y OFRELHIIE Table 14.1 DX 5l
Bo THMI=ZUABRROLAREBHONISETHB, L LERERE LTERT 284, 2EENF
BRCEDZOTCHEL, —HIRHOCBEOLDERCHEEEINS, TORRENAKRE Y, BREHS
NBERIZE DM, BRIMESD, EAREBICE > THRVHARRL D, Al 50~80%, Mgt 50~70
%, Zn i 85~93% FEETH B,

Table 14.1 Theoretical Current Output of Anodes

Kind of Anode Al Mg ' Zn

Atomic Weight ‘ 26.98 24,32 65.38
Atomic Value ‘ 2 2 2
Theoretical Current Output
. .2 0.82
(Ab/g) | 299 2

14.3 2 B & B
14.3.1 HREEH
TELOAO No.5 ¥ vy THE L, BRIETAMIE <723y 2BM (158) 217{@, &

— 87 —



AR CEBO 7 TR (25T) BEFBR TR 2, # > 7GR O T AMICEE Lics

o EILRERTEHIT S L 51 L,
o ETe= 2 U ABLU TN IBEOL 1 0. 05Q0FEI|ILE AN Tk & $55¢

WO GIFHE # v 7 B E Fhh 68 2 m O Iz Bt
L, ZOEH

OMEEOTWMZELFRCEIILY 5 X Hic LTEKEFR Lz, ABPRZEAROKBPARETON
1R E Lz,

14.3.2 & BRIk &%

A, REF 7 oFERIBIT STRE~O AT I Y 35 2 FH20AR, ¥—F 4 35 & b3
101 E R, EH2IHMTh o7z, A BHO6S, 6ORMILEMETIA, ToMITEmERIA L.

b. #U7BMiEE v ORBIZL > TRV ERD T WITRMTRARE TS v 7 M B
HIKGER T » I e DFTBEUWRA KR E , BROMEEIRIFTH it b b b3 Fig 141
DI F 2 LAIRE L, BHAERICETIOICN6 HEEL Tv5, FSSRAUT LN
TIREDN - 728, TRLEOHMH CEEREEOETICL » T2 V7 ILMOET L #ikME< 72
STV 5,

c. THIBMUOEBAIZ< 7RV T A BEOESMICH~<S L Table 14.2 00X 5/ b 751
BiEEMICET A IETI AL 1| ~3 HEEE V.

d. BRORENNE A LTI, A= L hbRb b, R XFIBIWT, BEOBR,
RO LEIRBT, FAMOFLRCPEITD & DRk, (OB E o BRI THREN BB
fbéﬁ,:hﬁ%bfdﬁkk%%ﬁ%ﬁ&éowm&@m%vm,R=thrxgﬁ
RDBRRIZHSOWTKDTH B, ISSETiE =87, 25T TlX £=226 b > TWBDT, I
TRIOBEEZZDEFIFALTH S, ERXEREBBMOLMNETH B, <72V 7 LEHRO

Table 14.2 Tank Potential durmg a Voyage
Voyage | Kind of ‘ Tank Potentlal( mV) ; Required Days |
l o at End of | to rea.ch T_ank Kind of Ballast
No. Anode 1 Day 5 Days 10Days Voyage ! Potential-770mV !
o Mg | s6l 58 874 935 5~6 ,
57 I Clean
Al ‘ 613 744 818 | 876 6~7
Mg 897 947 90 | 999 o~1 o
38 Dirty
Al 855 892 | 920 932 0~1
) Mg 620 812 ' 97 ' 985 3
59 , 7
Al l 592 ’ 760 t 880 [ 90 | 5 |
- Mg ' 725 895 955 | 960 ! 2~3 :
62 ! v
AL | 590 768 835 l 837 | 5 l
Mg 765 875 915 810 1
63 : v
Al ’ 393 772 812 807 l 4~5 |
Mg 542 720 842 895 3
64 v
Al 540 695 785 835 10 |
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Fig.14.1 Tank Potential and Fig.14.2 Relation of Tank Poten-
Output of Anode(Voy- tial and Output of Anodes

age No.57)

BME-L5V, TAIBEE-LIV :ThiE, ThZhOBEMOEFRE BRI Fig. 14. 2
WRTEDICh B, BE 0 RORLECNEEERERT252em & L, iR & v
JEALBEHOBRLEDALTH S, <72y AEHROEAT, WIEERR & FHEHEL X
BB LT3, KEOBD LD > THMERFEEBRIBDO LT 5, TV IBEROGELY)
W LEEHEL PRV END D, BABKRFBLVELINEDL Tz, TIVIBRRESH
CHREHRDRLRIELIC 2 5 e DEIBOFAEBRIT/NE WA, HE OB - THRKES O
BECRD X5 Th D, L LAEROIBAI KK IS L THREEZET S Ec/cdik
AFEBRBINE P o T2 DTHH I o
e. RBRTHOZ v 7 NORBIZERO(HENRERL Lk o lelc b BB T5 Z L ixHEET
BboledS, 2SRV ABBEER LB TVIBBRL VEBRAILEL 5/, L LT
NLZREBFTORBE VAR Y BIFTH - T,

14.4 # -

7oA ERY ) OFREESEPKRE VI L, 4 IV ABIUCHEEBORMIC XV EEENE

L BT - e O REEmRE LTRBD THETH S, LA LMoL icmeElT 52

OEAE, BEHOMRICE > THELOBE SN, B ROBRSRATRRBEDILD THI > TH

T B MERD B,
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BRI BN TTFAE T

15.1 & g

WECACEOBFLPRFANPEES NS I SIChY, Frr—n—FebRfishiz, LrLy
H—DAFAMEKITIHBILITBTE2 0, AT IEEMRATEYR O TRVWAE Y KN
L > SR REL YV RFIC /25, ERETHAORECY ARBRETL -7tk 25, WA
BRI HBNZ» > LALMO LS KHICEE LTy 25513 2 0B EE 5 0 o+ 3 2 b
DBEZLNDOT, BE LIGAONABYREEL LTRA L. 2 BAFIILLNRORIE vk
HE ) EROBR, MEHALHAD S v 7 EROEy F v 7O RIC b (I Th oMb, ZhER
DEMEEN L TESRELMEATHEEY TH 5, RBERIIROBEY Th 5,

15.2 % & B & #

15.2.1 SEERSICBIT BRI AFHI BB ORIT Table 15. 1 OFEY T, ik DIMENE v b
BRI DI 2o T2,

15.2.2 HBERE 7~V RIZIERT DEMNCHE ) LTI X B 58 2 7 L7z, Table
15.2~15. 3D BV THE VLB LMo T,

15.2.3 EBEEML TEKOME & BN LB X CIRFIORE 2 —Eic LORE LA
HOHEE 2 eGSO RICRIETHEIE, Table 15.4~15.5 D%V T, FEORBA»i
DREM o Tz,

15.2.4 SANLHATHRFIABIUOBEMEM L BRRET R o720 # 27 RORBUT T
HIZRFCH o 7ehd, EIPIELB 9FEERD o7 ERHARABRAL VBT ChH oT0, 7o
7 R LIcABR T O & Table. 15. 6038 ) THHARIIZ30~50%Td - 77,

Table 15.1 Effect of Inhibitor

Inhibitor , Corrosion during 7days Corrosion during i4days

Kind p.p.m Weig(hgt) Loss eI;fgi\;ent(;iazg Weig(}ol/‘:)Loss | eltl’freecxiv;en‘zi)s
I(rl‘)%‘sblctgrr) A 100 0.0210 | 67 | 0.0397 19.5
4 200 0.0096 I 57.3 ) 0.0228 ' 53.8
?}‘Ihe‘;’;;’);f 50 0.0196 12.9 0.0479 2.8
7 100 | 0.0178 20.9 0.0397 19.5
4 200 0.0121 46.2 0.0341 30.8
7 300 0.0057 74.7 0. 0088 82.2
6(Na POs) 100 | 0.0207 8.0 0.0443 10.0
7 ‘ 200 0.0192 14.7 0.0384 22.1

Blank 0 ! 0.0225 . 0 0.0493 : 0
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Table. 15.2 Reduction in Corrosion Rate(14Days)

Test WInhibit“or ) Weight Loss o Preventive
No. Kind p-p-m g mg/cm? day effect(%)
A 25 0.0529 1.18 17.8
7 30 0.0651 1.46 0]
1 7 100 0.0512 1.15 20. 4
7 200 0. 0497 1. 11 22.8
7 300 0. (401 0.90 37.7
%L 0 0. 0649 1.44 -
2 A 100 0.0527 1.18 47.1
oL 0 0.0988 2.20 —
Table.15.3 Reduction in Corrosion Rate on the Ship
Test | _I.r_lib.ltor‘ R Y‘E@t LOS% - Preventive
i effect Test Days
No. kind p-p-m g ‘ mg/cm? day (%)
A 100 0.2272 0. 142 0 50
1
Blank 0 0.2191 0. 137 — 7
F I'
! A 100 0.4236 | 0.311 7.0 43
[
i » ' 200 0. 3946 i 0.292 13.9 ! ”
b2 | !
| B 100 0.3944 | 0.292 14.0 | ”
| H
Blank 0 0. 4581 0. 34 | 7
Table.15.4 Reduction in Corrosion Rate(lddays)
Test Inhibitor Weight Loss : )
| — - -! Preventive
No. kind | p.p.m g mgjcm? day | effect (%)
‘ |
A i 50 0.0164 0.0367 74.5
1 I
7 I 100 0.0211 0.0472 67.2
|
2 7 100 0.0477 0. 1065 52.3
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Table.15.5 Corrosion Loss at Variable Vessels(14days)

Inhibitor Volume ' Corrosion Loss
Kind p-p.m (co) ’ \\'cig(hgt) Loss mg/cm? day
‘ 3 1
A 10| 1,000 0.0538 | 0.1195
" v 500 | 0.0533 I 0.1190
P P 300 0.0478 | 0. 1067
’ v 100 0.0398 ‘ 0. 0890
p PR 10073 0.0270 | 0. 0603
" P P ‘ 0.0309 1‘ 0. 0691
7 7 7 0.0213 1 0.0476

(ZE) 100/3 & L7c®ik 100ce iz EHERH 3R L7-B 82 Rt

Table. 15.6 Weight Loss of Test Piece Inmersed in Tank(87days)

Corrosion Loss(g)

Test Piece R e - -
Inhibitor A Inhibitor B Blank
Tank Upper 6.83 3.81 ‘ 7.43
»  Middle 4. 84 4. 16 7.59
7 Bottom 4.75 4,45 8.72
Mean 5.47(31.0%) 4. 14(47.795) 7.91

15.3 %5 & A

MRl ST 2 PlEKICRA LTE~T 2 L, HKBEOHESKEONE LY v 7 HED &K b
HHThHd, L LBVCLOEEHTS I LEE LEMes/cw, FEEICHE 30~50ppm FE L
FERHERAVLLGEE D v, FEERAFIE LTAT R FEEKRAT 2 MKIfIICEEES 2 HAH
i, PEEALTLBELECL LA TH S, THDLLAEOEAIE, 1F 2 MEASEMAEO KT
e 2~3 t THARAIX 1 Z 7 0~04 FEHT 6, BEE 10000ppm P EIC) 5, %
BEOBARIE A TR MEKECFESE 0 THE006, ROBETY V7 OKEL Y EHOBIICRHE
LB iR BA P ERDEETHE N OHNTH S, Table 15, 7 i3 RBEHLAF 0 5B 55T
H5,

Table.15.7 Effect of Floating Inhibitor

Tank Inhibitor A Corrosion Rate . Preventive

No. | (kg/m?) l (mm/yr) ‘ Effect(%)
1 PTC No.1 0.3 0. 00024 96.4
2 4 v 0.3 0. 00089 85.2
3 7 No.2 0.5 0.00031 ' 94.8
4 Blank 0. 0605 i 0
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HADNEER & v 2 IEDRE K E AR TKEICENE, 05 503 H0F v 7 ORI
TR L7 IR AR E A L, 1 DAKICY v 7 Rl LcRBR OB R i L e &
B, AR EEH LR ORI 85~96% Th - fz, Table. 15. 8 ixKic# I Tk ¥+ 5
Bl & EH L HBRERTH %o

Table 15.8 LEffect of Water Soluble Inhibitor

Inhibitor Corrosion Reduction
Solution ( n 1)) (%) Rate in Corrosion
ppm 0 (mm/yr) Rate(%)
Crude Qi195% + NaoH 0.3 0.0015 40
Sea Water 5% : NagPeO1s 0.1 0.0013 47
| | '
. RCC No.500 0.15 | 0.0009 64
! 1
' y 0.1 ' 0.0010 60
Blank 0.0025 | 0

N & vy OEISROB AR E AN, ED5 05 BHKERALLEMEEAL, ¥V 7 EH
WCEFT Th - 2 RBE ORERE R Ui, B BVEEAD VIO AFRORSVRE TRV
T, BEEIIRRE L OENE o e BI0~65%Th -7,
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BI6E Bl o F YT LA, Ay T aB L
VST U9 2 DEEGTFBEDOHISE

KB g A bR 4L

16.1 # =
BEAIC S HENDA A TIRMHAERA 7, 7T 4 — EBL L OREESMOREL, KABIUTF R
Py MERKRERLEEERIZL, TMIUA, YL, AFCy AR EORFCI D I NBELL
BEERDZZLNBEHRLEL>T D, Lt > THREHOBRS I UBBHELT, T h b EEoy
B, E7IBFIENSICE, THBILEOERNPBETD 5, BIELBPECIIBREMAOA 4 7 ool
FJIS KEMEENTV20, T YV UARBIUH Y U ATEHESMFENREYLEINTE 5T, A+Py
AIOVTS BEAMFERGEDIIAREOERE B DT TH B, Lo TEMADFT MY T A, &
YU, AFPY AR ECDCTREEMZONEL WL 2 B TREPFRETR, F Y v,
AU Y ARLICTIOCEEIC LY, STV ARPOGEEEL LY 2R TR0 B2 LD TR
TrBET %,
16.2 <%, &, REHH
RS R R T, B o O R & L7z,
Hir#l JEHOYECEET EPU~-2A &
Hirdl  2060)H5EE H-2
BSLE BREEEEE (BREEV i He, On)
Byt HEEEFEMSIEAUE (200V, 5.5KVA, BEkE 1000°C)
P R BEIL (%4t 100m7)
HT5 AEEH
BRERLE R LA VIRY J1S HE
7K HEHD 5 X 10%Q - cm Pl B oo ik
NBS #lhntaRA B ayaEss
+ + U 7 & : Standard Sample 1069 (Sodium Cyclohexancbutyrate)
#1 Y v L Standard Sample 1067 (Potassium Cyclohexanebutyrate)
16.3 RHEAHAXEZRCEDZF FIDA, AV LOEERATEORRE
PRI KE RIS, B E LIcEE 2 EBEE, T02A7 MROBE LY FET 576#4
PERTHLOCT, B TADVEHEOEREIETERICHCOA TV S0, ZOHEERENS
DFEYVTLABEITHY Y ACTESHE LTSATELZLENEANL, EHIIATUTLIZOVTY
BE Lic, Fig 16 1 IZ DB RICER LI EE o BN &R,
16.3.1 BB HV B EEFER LVIRKEVEANBLITRY v MR BB
FRICHCIBEL LTI KROENBIUONRED 2 Y v b MEOHERC K& g5
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50T MER TR Uik, &Kk
FFix 0. 2kg/cm?. g, FEFEIE 1% 0. 8kg/
cm’-g YT HD Z LB LE
DT, FHEORBRTIIEMHT w0
TiThotre £ AU v Ml 2T
Y Y LB (PITFSuH

0, —

FLAME

N

BURNER

“j

Hy —

r

L o)

SPECTROMETER
ELECTRO PHOTO METER

SLIT

SAMILE SCLUTICN

DALEY O WIEIK & BRI & I
) & HjvT0.015~2. 000m m il o>
8 REIT OV TR L R3S SR i ke
R bR h ol L LEEREE
TEEE ORI IET 38Rz
WELAHEL 2ZBELTZORERY v MHEZRETZBEND 5,

16.3.2 F FY Y ABLIOH Y v AMEERIC X 5B VEL

Wl bV UL, BEBA Y T LAOKBKT T I UL, HY YL ORE N E R E R0 1~1000
ppm, 1.0~1000ppm DHHAIC B E & 5 X 5 MR O BUR BT & B LR < X 0 It
%, B, MEHEZTL>T, BORBOOTHERELWINT 2HE L » bREMEFIL L. Zh
% Fig. 16.2, Fig. 16.3 127”7, HIEREEE T MY 7 4 589my, H Y 74 768my CilimE s b EE
OFMEHEIEL > EH 5, BEFHE %410, KHEFO. 2kg/em? - g, [ifHIF 0. 8kg/cm? - g THER
Lico Z DR, KBRS H Y Y aBiEld s Vo AERERENICHET 5581 -+43
IR TH B 2 & A Uie,

ATOMIZER

IFig.16.1 Principle of Flame Spectrophoto Meter

y 3

or 1087

90 y 10

2 g0
> >
27 "‘ S
-%'70 o =T &~
E N7 = e
2% NG & > P &
= g7t {o’ A = “‘, O

o} 3
é 50 N y \Q‘ 45' Q.\“‘ E 50 o \}# (y_ S
’ - o S 9

Ry A %4 R VA

’ AN LY

NS vy,

30 C 30 ¥

20t 20

0 10

0 0T T2 3 4 5 ¢ 7 % 1 w

S N TRt “— Kk m

Fig.16.2 Working Curves for Na Fig.16.3 Working Curves for K

16.3.3 KBRS

EREROLEESRE L ELICEFHTIZ N5, HIERIHNED LR LitRERITR
WEOREREBH T ILEN D DH, BTOLEEINT bhiv, Bk bo BR, TR, Migo
3ROV THEZTT Y, HHEAOBREMOBIIEN SO ThE L - TREROGEM L LTRY
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T RES, BOSRZER 4% Th o Te
16.3. 4 HATUHEOBE
16341 FRY YA, HUT L, AAVYLOI L 2LEREDOEESDME
RITHDFTHRERKPICTA AV SEBIET A Y LEBBOTHFMNIET 5 LA
BT8R RECLVYDLRATYE0T, HIENKOF MY vu, 7Y T 5L ERPCEREET
STNAYEBEEOAIN VU LERY, ThoDd b 2 0EMNETIEE0F YL, H Y
VLR B ROUE TR E B Lice 723316, 3. 30 SRS A O URER O (S HEEIC B TS 4 %
DIZEDRD 1D T, THEZEICANATOER CRARBRHROERICERECHL S %Y1
DHEED D DA EIFILHKEOBED D LD L Uic, BEHWKRF MY v L, #Y v ARFGES
KB L LAN g MZRAED NV V0 L& 0.45vol. %iERRIC IR L, BIETTHEBES 5, 50, 500
pPm D IEHE L, TORBOBOICIHIETEE LTO Mo EREN S, 50, 500ppm 75 %
SR, MFEERIC TEs Licklidle Table. 16. 1 12577,

Table 16.1 Mutual Interference of Two Elements of Na, K,Ca

Na Determined, ppm.

Na Added, ; K Added, ppm. Ca Added, ppm. ppm Concen-
;)pnl- s | 50 500 E 50 s00 I“ﬁ?gi‘f‘:fl‘ge
3 4,95 i 5.05 5.10 4,90 4.95 6.80% | Ca 500
) 8.0 1 48,0 49.0 48.0 485 49,0
500 05 47 505 340% S40% 330% Ca 5,350,500
I b _ |
K Determined, ppm.
K _Ad_d::d, Na Added, ppm. Ca Added, ppm. pg?;t(i::;l%in-
ppm. s ] so | se0 5 ' 50 500 Interferonce
1
5 4.80 4.80 5.75% 5.10 5.15 5.25 | Na 500
| 50 5.0 52.0 53.0 51.0 51,0 51.0 | Na 500
}[ 500 525 i 525 510 540* 540% 545% Ca 5,350,500

*  Deviation from added Na or K is Over 59

FHEBEORMATIIF b Y7 LEREICH Ly ) 7 AERRERAL, 7Y Y LOERIICHL
TiF b Y 9 L500ppm & h oy LRHET S,

16.3.4.2 F RUB A, AV A, HALY LI LELEORS

FTRIO L, BVY L, BNy LITNHEEBARCEES L BA0ETEERMBI ETEE
FA T BB o ERICEREX 1. 10, 100ppm & 5, 50, 500ppm o 3FEEI2EE L,
ZOMEEB L UFER LI g % Table 16.2, Table 16.3 iR,

ARGOMELTIET MY U MZREEL, 5, 50, S0ppm D& &, HEDHY Y AERIENL
VY AEEEOV I Y 100ppm 723 500ppm D FAIERERY BEMSKE . HY U LR
L, 5, 10ppm OWED L ¥ 153 OEE T BEIANKAE, 2OWEOF Y YL Eiid



jﬁﬁ&{fﬁj Lo

Table 16.4 i Z DM H %, Table 16.5, Table 16.6 i #lEid 77 AKEBROKH TIER
B LBRELOEX S % T TH Y, IENROMBRIMATELI LD EELND,

eV

16.3.5 EEEEBHHEABOT FY T A, A) U LADER

FRY YL, BYULAEGEHREMOBIERE E LTOBERMATRZRLETH D, Erefbolncd s
FTrY T A, BYULOERDL ASTM thid b 2 HBRHIMERRIETHY T,

AT LD D BT Y100ppm & 7o ix500ppm 0 R O 4

16.3.4.3 ZEHoOLENSLET S

Table 16.2 Mutual Interference of Three Elements

s T 5,

OF MV LBIEH Y Y AOEREICHET S
16.3.4.1, 16.3. 4. 212 TH MY W A, B YT L, HAYTLOMIEEE B LRI OB EH

R, REBREHICIE X b I BFERRTURAE LE R S OMUL L —E TiE e e RO &
5 BEADHTNER HLACKRNT A LIRTER VDT, ERCFRHLER L LI X 510E1
5 TR OB MM A ATIKBIR E AL, ZORTF YT L, 7Y Y LORDEER

BRI 2 % TS REIR L RN L 2 TR Ulce AR O A IWUCEATTH L b T BIRD ik

Uiz b3 TR

K

101
100
100

11.
itl.
11.

102

102.
102.

.00
.00
.05

UL W

*

*

Elements Added, ppm. Elements Found, ppm.
Na | K Ca Na
1 1 1 1.0l
] 1 10 1.03
1 1 100 1. 30%
1 10 1 1.01
1 10 10 1,05
1 10 100 1.31%
i 100 1 1.06%
1 100 10 1.31%
1 100 100 1. 36%
10 1 1 10.1
10 1 10 10.2
10 1 100 10.3
! 10 10 I 10.2
1 10 10 10 10. 1
! 10 10 100 10.2
| 10 100 1 10.5
\ 10 100 10 10.5
\ 10 100 100 10.5
i 100 i 1 100
5 100 1 10 100
‘ 100 1 100 100
| 100 10 1 100
I 100 10 10 100
5 100 10 100 100
| 100 100 1 102
’ 100 100 10 102
100 100 100 102
N
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Table 16.3 Mutual Interference of Three Elements

Na |

Elements Added, ppm. Elements Found, ppm.
PF } PP

K ! Ca } Na K
50 5 s ) 4.93 5.00
s k 5 5( 5.05 5.00
5 5 300 6.80 5.10
5000 500 i 5 5.20 49.0
3 ’ s0 | 50 5.25 48.0
500 50 500 7.20% 49.5
5 1 500 5 5. 30% 515
3 500 50 6.15% 500
5 ’ 500 500 7.30% 500
50 5 5 50.0 5.10
50 5 50 49.0 5.20
50 ] 5 500 50.5 5.30
500 50 5 50.0 49.7
50 50 50 50.0 49,7
50 50 500 53.0% 49.0
50 500 5 53.0% 505
30 500 50 50.0 498
50 500 500 54. 5% 505
500 5 5 485 5. 60%
300 5 I 50 495 5.60%
500 5 500 495 5.40%
500 50 5 485 51.0
500 50 50 490 50.0
500 50 ) 500 640% 51.0
500 500 5 660* 503
300 500 50 660* 500
500 500 500 640%* ; 495

|
Solution No. :— -
)

Na K [ Ca i g | Fe Ni
i I ~10% 2 5 2 2 2 2
2 5 1 ~100* 5 2 2 2 2
3 10~ 100% 8 30 20 15 15 10
1 35 | ~100* 30 20 15 15 10
5 10~ 100* 15 60 10 30 30 20
6 60 1 ~100° 60 0 30 30 20

Table 16.4 Composition of Synthetic Oil Ash Base Stock Solution

Deviation from added Na or K is over 3%

Elements Added, ppm.

~N

10

20

20

* See Table 16.5
* See Table 16.6
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Table 16.5 Recovery of Na added to Synthetic Oil Ash Solution, ppm.

Solution No. 1 l 3 l 5
(Y (O - el i ]
Na Added 1 2 3 |5 7 10 |10 |20 |30 50: 701 IOOi 10, 20“ 30| 50 70{ 100
Na Found 1.0/ 2.07] 3.1] 4.95 7.1{ 10.1] 10.3 20.5| 30. 5& SO' 70' 100, 11 213 31 51.5 70’ 100,
! ! ! l |

Table 16.6 Recovery of K added to Synthetic Oil Ash Solution

K Added, ppm.
Solution R ‘ 3| s ‘ 7 ‘ 10 ‘ 20 i 30 t 50 - 70 100
No. | - |
K Found, ppm.
2 ! 1 2 3.06 5 7 10 20 29.6 49.5 69.9 100
4 1.01 .97 1 3.09 5.1 7.02 | 10 20.5 30.5 49.2 69.9 100
I i
i i
6 1.05 2.1 ; 3.2 5.11 7.08 . 10. 3 20.9 1 30.6 50 69.6 101.3

HMERREROTFHELZRETAZ LIEEETH B2, 16.3. 4 30EBRERNLSLF M) T A, #Y T L
& $,100ppm UTOREDEE, RINECH LKL VESHEI B oo T, ARAEE LTARE
TER @A TE B b0 LB L, EERRDHIC v TRIEAHTH & MR Lico

16.3.5. 1 4% #7 1§ 18 '

a. HFlsgE 2ELSMICEMIVELY, ZoMz v ) »REHIC OET vEr A —F -2
THnERILT %, £FRUREE SN E 200°C OEEFFICE Lk 22 gl LT550+£50°C
LB BIERCKILT B,

b. KILEASMERRICAR LTS (1+1) 1ml 27 ofbkFE I ml X 57ck LTH
FwH L, In7272 185504 50°C RN IH TS nET %,

c. WA, KOm! LEEEE (1 + 1) 2 CHSMONBERZLEVTE L, B L CTHBRREY
1 mliz s % TNEGEE LREOBEE +51 35, Thic s~10mlDKEfiZ, H60
UHBHH LicOERVTSOmI 2 A7 5 2aiiF@ET 5. HEMEFRKEAKEL, PR
EWBREELTART 722 B L S0ml ) @R ¥ TR E 2 LR & 3 5.

d. RAEDHOFEBEACRRREUR L FA—RMAPCI Y, B, BLESEHEERZEE LT
CHRERET 3,

B) BRFBRZERETHESERICLVEL D, SEOEREFTEERETRIZS Y ¥ A 0.05ppm,
#Y U 50.05ppm, HEAKRE SOm! TERABETH B0, AFMEROSHRL LTRIES MY
7 A (==0.05ppm X50cc/58), H Y ¥ A Sppm (==0.5ppmX50cc/5g) Yl EDBSiizHBRII5g
TLL, BFlTOSERVBITEE L VEVCSEIRIEE S T5b0LT5, Bt +
YU LREGEHAREZORIENSHEETE, ASTM i JAUXIKDRD50%L, Lo+ Y U A3 a
Lz, REERDOBA bERHRE#16.3.5.1, b TORIEEHH L TRETES, LA
FUREGE, MEEE (B BEHEEETbOoLT 5,

* ASTM Standard on Peteoleum Products and Lubricants (1959)
D 1318-39T. Sodium in Residual Fuel Oil.
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16.3.5.2 -+ b Y U Lo hkigt

B (M#E, + b oA fhi4 ppm EFRT) KoV TOERKER & Table 16.7 12, B

#FMc Sodium Cyclohexanebutyrate (A #T Y v ALY o—FEBEZERN L CER
L7z §55L % Table 16.8 [Tkt

Table 16.7 Determination of Na in Heavy Oil B, ppm.

‘ Content ! Found Mean | RError
-5 ‘
4 4.94 | 4.95 5.56 5.34 5.20 +1.2

Table 16.8 Dectermination of Na in Heavy Qil B plus Sodium

Cyclohexanebutyrate, ppm.

: 1
Sample No. | 1 2 | 3 | 4 i
: |
Content ’ 53.6 55.0 29.3 17
Found 53.3 56.2 30.6 19.5
Error S =03 L 412 413 +2.5
i ! ! . )

16.3.5.3 H U v ADERKER
TRV Y AEROYE LF—BEMO N Y v A EERLO 3ppm 287k, IO BHEHIC Potas-

sium Cyclohexanebutyrate QHEMERED YV U ALEY) o—FEREHEMLTER L R %
Table 16.9 |Z5R,

Table 16.9 Determination of K in Heavy Qil B plus Potassium
Cyclohexanebutyrate, ppm.

Sample No. ‘ 1 ‘ 2 3
Content 51.3 l 23.9 13.3
Found 33.6 ' 26.9 13.7
Error +42.3 ! +1.0 +0.4

16.3.5.4 4} b7 55 BE

STROEM L | FEOBBHERYIC >\ T, K X 5 HHEORN ETL » 7 &R &
Table 16. 10 JZ7R4,

16.3.5.5 Ff % #F [
E&*:H‘ZEZ%S g, ﬁj\:a?&% 50cc & L?‘:)‘»Ej’.%@ﬁﬁmgﬁﬁ§ Table 16.11 (:7—]_:(‘;.0
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Table 16.10 Precision and Recovery of Na and K in Heavy Oil and Combustion Product
Sample Heavy Oil B-1 Teavy Oil B-2* ‘ Hca\é:\' oil Combustion Product
Element Na ppm ‘ K ppm Na ppm | K ppm Na ppm Na % K %

8.9 T 4.8 5.7 45.6 19.0 3.47
9.4 15.0 5.7 44.5 9.3 | 3.47
9.0 ? 14.7 5.7 13.0 19.3 3.50
3.9 3 15.1 6.3 4.5 19.3 . 3.53
9.2 al 14.3 5.7 47.1 19.3 3.35
9.2 2 14.7 5.7 3.0 19.7 3.55
9.3 14.7 5.7 42.5 19.3 3.43
9.0 l 15.5 6.5 — 19.7 3.47
Mean (M) 9.1 14.9 5.9 43.9 19.4 3.49
Std. dev. 0.176 0.332 0. 303 1.805 0.218 | 0.041
Coeff. of var 95 1.93 2.24 5.18 4.12 12 1.17
Std. Value (S) — 15, 1% 6. 0* - - -
(S)—(M) — —0.2 —0.1 — — j —

* Preparation of Heavy Oil B-2

Sodium Cyclohexanebutyrate and Potassium Cyclohexanebutyrate were so added in Heavy Oil B-1

that Na and K contents of Heavy Oil B~2 become 15. Ippm and 6. Oppm respectively.

Table 16. 11

Time for Determination of Na and K in Heavy il

 posdue | Timeforome | Timefor two
Element, min. TLlements, min.
Sampling and Carbonization 30 30 i
Ashing 90 90 !
Preparation of Solution 40 40 ;
Measurement and Calculation 20 40 l
Total 180 200 ‘

16.4 BHFDNF S LAFERE
16. 4.1 RO

RHTTHABEEIZ X 2T P hOEREHMT 570, Table 16.4 10 ;RTATKBWK 2 v T
RHDW eI o1y, WL HADOBENRE IR TH 72D T, EIAF Y L0HZEH
HOMELUTER Lic, AT Vv LAoRHTERE  UTERRERE, 43 P —aRERER Y 2B L
RAEEETR o728, WThOBPALAFRELZHET 5EENEONA» 22O T, BN
BHIZ 20 TR 2137 o 700 AHRRBLUC GHSFPEHRK B AHEshTw 30T, Thicifs TH
BREfIhoTc.

16.4.2 Ve

R TABEE - —iZARERA VI B ER 1240 1 ml oFEE (L 8Y) A %,

o 2) GMPFSEE JPI-ST-59T WMEO ) 2y LEBRE (1960)
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BT AETHE EWE A SRS Z TR THBAEOIREN 72 < £ 5 F TMET 2,

SR EIS0°C Dy 7 APHT ARBLIE £ 525 £25°C {2 [P EKE TR ER B TIKIET 3,
BE L, WE (LEL42) 2ml, 5 (LEL84) 2m! N HEBREEOREET 5 % Tzl
T 5,

15ml K EMZINBASP U TKEELF Y 75 (50%) 2B FLT pH 6 ~10L LERE (1 +
1) TpH 3~5&35%, ZHIEHEM (1+1) 2ml, VUi (1+2) sml, #7278
F MY LEKRED 2.5ml 2INAHK LA S E TR L TREEREE TARIL, 0ml X275 2=
CEREBLAN, KTSOm CHFRLTIBEREBEEARO 77 7 o+ 5 BLES 436mpy
THIEL, HOPUDIERLTHBRERTAFT IV 2 08EERD 5,

HRT %o
16.4.3  HRRHROVER

AT O U (1 mI=0.05mg-V) B 2 Z2h¥ho0, 2, 5, 10, 20m! §F2HY 4347,
Bifg (14 1) 2mi, YV UfE (14+2) Sml ZU P25 BT MY 7 ABIK ED 2.5ml #MzK
TREZ0mM & UTHE LA 3 TS LRIRE CAHT 5, YITI16. 4. 20 #FIC Lichi -
THRLE#HIET B0
16.4.4 = o
WEI O S Y AR ppm R HEHET B,

Vppm=Cx100/W
ZSi C=WREW» b VB (mg/50ml)
W=EEHRIRR (8
16.4.5 %% i3
TRESEIEAIE LV £ 9 2l Table 1612 (2iRFJ88EIE X THIET 20

Table 16.12 Precision for V Determination

V Range, ppm. ‘ Repeatability, ppm. V Range, ppm. I Repeatability. ppm.
0to2 "~ 0.3ppmofV 0to6 ' 50% of V Content
2 to 330 1094 of V Content 6 to 350 ) 17% of V Content

3) BEBPERIAE L cm AR AVCEERBRENSOM! DFF0.5mg OAF VT ARBET H 5 220.2~0.8
mg OEETL LV,
) FUTAFURET U Y LK (185g/1000ml) HIEM
6B Z v S ATF VT R Y O L (NagWOy - 2H:0) 18.3g % 100mg o #KhT#A LIFE LT 100m! |2
KTCERT 5.
5 FHERFIOUEET VRS AEBEOHEE (1 mi=0.03mg- V)
HBEAZAF VT R =y L 1.148g ZREMAVERDWEE (14 1) 15ml iz L, 1000ml 2K TF
Rt 5, TOHEWKIOM! % 1000mil DA A7 5 AT Y 531F KT 1000m! iZHRT 5,
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16.4.6 it Bp &5 B
16.4.6.1 # &

®

AR X Y VER LTciBi#R % Fig. 16.4 127" T,

(=4
o
T

[~
=

o
<
T

——> ABSORBANCE (-ésgT)

pd

o
i~y

0l

0l ©02 03 04 05

06 .07 08
+—= T CONCENTRATION (™3/50 mt )

Fig.16.4 Working Curve for V in Heavy Oil

16.4.6.2 EF B & &
SHEHEOEMAO AT VY AERIERE Table 16.13 12/RT,

Table 16.13 V in Heavy Oils

Known !

! Sample Content, ppm. Found, ppm. Error, ppm.
| Heavy Oil B-1 33.9 . 32.8 —1.1
! i 32.0 1.9
l | 32.4 —1.5
| Heavy Oil B-2 32.0 32.8 +0.8
. 31.0 —1.0
| 32.4 +4.0
| Heavy Oil B-3 Unknown 30.0 —

30.0 —

33.7 —

16.4.6.3 T AT T ADEREDIN O FRERR

BHBROAF Y A OEFERDHOFTERR X Table 16. 14 7R+,

Table 16.14 Time for Determination of V in Heavy Oil

Procedure Time, min.
Sampling and Carbonization 90
Ashing 240
Preparation of Solution 90
Measurement and Calculation 10

Total 430

— 103 —



16.4. 6.4 REEEWRMhD S F U U b0
BRBELERDHF O A+ Py Dz 2 THKGRER B TEMOBA L RIEHRIEIC L Y O © &
%,
16.5 RKREHEROEE
FROER, BEBIOBREERYHOF FY T A, DU T L, N+T0 A0S TIIK ® 16,5
Ll@ﬁﬁ&ﬁﬁﬁ?%U,:hKlDl&iZ@%ﬁ&ﬁ%ﬁﬁﬂﬁ%ﬂkoP
16.5.1 43 #7 B - :
16.5. 1.1 FhrY T L, HYTA
RIIIHEEHIC & Do BIEOTEMIC SV TH 16.3.5 B,
1&§L2 RV A
SHAEIEEC L 5o BIEOTMIC >V TIT 16.4.2. B,
16.5.2 43 b7 85 B
16.5.2.1 F FY 7 A
BREIMA 4 ~55ppm OGH RO DIz >v TR LR, ZBEIRE %A TTthy, ASTM:
D1318-59T THER & h 5 Repeatability (892 L) 2#ET 5,
16.5.2.2 H Y U A
B 13, 3~51. 3ppm O GF RO DI SV TIRHA L 7o #i5, ZFER %I T Th -7
(H VT BORMESHER I ORI L CREB4MERE RN 5,
16.5.2.3 SN+ VUL
#ophtid 32. Oppm 38 £ U 33. 9ppm D EHRD b DI OV THRES L2 KR, % 1 9ppm 2T
TH Y, AP JPI-ST-59T CEREh % Repeatability 22§ %,
16.5.3 F bUY T A, HYDL, AFPY AERIERG
FEIT L, BV UL, ATy LEEFTEREE Table 16.15 (/R

Table 16,15 Time for Determination of Na, K and V, min

{
Element
Sample
Na K \Y
Heavy Oil 180 180 420
Combustion Product 75 75 90 !
i |

16.6 #& =
P EOEBER» SBEMIRO T Y Y AB LU Y VA RWEDEEREIZLY, 37000
RIREHEEIZ LY, TR ZhEHERICOF SN TEMRLE LTERASN3ZEFHB L. 20
R, BOWERBREOER, A4 7 8L UCBERESMOBILB ICRAEELTFRT 2B LT
ERATE, ¥$.h b0l BEBIVTEYy MHIEYEoOB TG n—FBE LTUSALY 3
borEbivs.
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FI7TE REEHREBEEICES 5 R
7 vE=VYITEEDHSE

ERpiEY L) BEBEE TEKRKSHE

17.1 & B
BEHRPIZEEN TV 24 3T LAWIREMORRIC L > THERMB Y R L2 Y, &b T
Elde ZOWMBOIDREN ADELN LR L, BESAHOBROBERE, TALLERE, HK
FRBESOREHHMAEEL, FLVYEARET, 7vE=TREAThERBEL 7 v E=7 LKA
LCREEN ZDBENT Y, ¥ BREORATENDAE % bo
ZOFBICI BMBERA 7 0 BKTFHEBO T XQOBRHIEO I DICHRINT 37 v E= 7 O#EY4E
NI LERHNE LTV %, BARNLABRRIRICRT LB ThH 5,
1) EERECHALTT v =7 2RI 3 FERENRE,
ii) BOURABRGEIEERALTA A Y EHROMEET 5 BEMH, CEMICH LESOREER IV
O LAY IEEDOTTE,
i) 7 =7 2RMTHERBET v E=v AREL, TABREED, AESE£%, 2hEl
BT 37diz, 7FVATAT e FERMT 23S X ORER,
17.2 RBEEL HFE
17.2.1 7vE=TRAEE
17.2.1.1 7 vE=7THEAESR
Fig 17.1 &7 v ® =T EARBE B I VRRICBV- 20 tho B, HB2TT. BERIZGS
A7 OB 2EFEBLHRBOBMIT VE=T2EAL, ELKTFHRBOEIREE 2 BROPETEL
DOERIE T o 7o
17.2.1.2 7 vE=7 Ok
TryE=TRERFLECTEGOSKMETHEMEN KL, K XS BWT 5, KB LEMT 3 LBF
REEIPLT ) A~ FRERKBEACIZENTER Y, EHERASPERT 5,
BT v E=TRERVRAD E LTHEER TV 2, RURADVEERT v E=TREETHBO
T, RU"HAFEZDLEE, BEREEL TEBIREA L, 7V E = 7 OEREMBSIL 327keal/
E§THD. W7 v E=TEN AL LTRYHT LBBRDOLD, KU_BHEOIFEHELEL LB, 50
kg RN KICHEFEY LB 2T RET 2L LTROHEFT I LN TE D, ZOERIC BV T
b, RURRZ v U —ld &2, EHERDR» > bEH L.
TVEZTRRAD & 512600°C CHBEIED 5,
2NH;=N,+3H,
ONRIRED EF LT U 72 5 72 D ITRBEH R IR EEAI600°C DITFOFF~EA Lk it hid
BBBe RICT VE=TIRBEN AREAMET ES LIRBEH 2 IS SO; 104 BRT R IT F77E
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I [____ ° _‘( B.C.U.R.A
v H DEWPOINT METER
THERMORECORDER | AR _PREHEATER _ | ?/‘ﬁ
0= ] SOURCE
i J ——=——[asf | |
- i HEATER | i
! 1 | AIR_PRE o Hesos
¢ —0 0 00

SILICAGEL_DRY ICE _

£
3
\v] .
g l
5 i ECONOMIZER
wa . i
g I - NIA
Eé Yy T‘l AAQPZ:Mlzomf TUBE
C A | = 1 X, ¥ :
2nd EVAPORAT;)/_?—]
\ 2n !
L= - ]
COMPRESSED
L AlR
‘REDUCING AMMON/A
VALVE HEATER THERMOMETER|
R i
REGULATING /
VALVE. ﬂ
[e)
LIQUID AMMONIA | FLOWMETER
SHEATHED WIRE | po s e
GAUGE

Fig.17.1 System of Adding Ammonium
T% SO ELRUST %o
2NH3+SOg+HQO=(NH4)2SO3

L7cAoT20°C P LD EZAREALRITRIER b v, ERBEASFIL 600~230°C L [RBE
Eh3Y,

17.2.1.3 7 VvE=TEAE

T rETEABRREERICH LT0. 2% FEATHIT IV EvbhR Ty 3,

Fig 17.2 it KA ST Y E=TBEP 7+ =Y VERMTAHEERT. KT RO EL
TYEETHANEBL, BARZR ¥ A -5 2BBTRPORD B, ZOREEMFERO M5

1 FORMALN |
Tk !
7 1 )
-4 ! REDULNG
:f_ koo = VALVE
] » :
J

ROTAMETER

@®

Fig.17.2 Skeleton Diagram of Adding Formalin
and Ammonium System

D EAE, NGDRE, KNFEE, 10-6 (1959), 441

— 106 —



D— (FziX0.02%) MICRHTT Y E=T RERMUSA L EEEEH Lz,

17.2.2 & /A v

17.2.2.1 4% B

BHLREEOBREE T T, HNEEN10.0%E k) BRISICETSEES RS, B
HADBRETEES AREE T I LEBOREIRELERS WD,
BREEEARICE VEALHET2H4ICE, —N0BERE VI 2RAECIREHL, F77
F—z LAV FREBTASIAEBHLTCE VAV MEROBESEEEOEMCE VEI]IT 3, =
DHRICEY 7Y I H2AEFEE»SFH LTHET 35K, Tabb WEHR” LEE~T
FrE—EBALTHET S “WHHR 283bd. MNEHRNBEROZ LD TOBAETIIZON
AP s h/cd’, EHORRDL o LR EHEOD 2 OB HEE LoD T, BE TR
HAPHERERSCEH s T3, FABHEETECEINEE cH %% BCURA (British Coal
Utilization Research Association) WA R EZWA L THEZ T oo T DEEET Probe
(FRAHCBAT 3HEB =T v A ) & Instrument X b %Y -5, Probe ez =
VAV EBRBOAT ATV 2, SHREARBR M v A -7 —bBAL, BREEHO TV ABRES
e L TH AEERHE Lice BRI E RELRESGTO BHME I L T & 5 & Table
1710 X 5 Th 5,

Table 17.1 Comparis ion Table of Dew Point Meters

Item ) External System Internal System
Flue Gas Extraction Pump : O ] X
Compressed Air for Cooling O O
Gas Filter i O X
Dry Ice for Air Cooling 1 O @)
Flue Gas Flow Water ' O X
Cooling Water for Gas Cooling O X
Position of Electrode l External Insert into Flue
Gas Velocity Reguration {1 Possible nelégsigsrs;bflg; %‘lllfx:c()‘:as
Portable or Not i In Convenient Convenient

17.2.2.2 WEHRICBIT 5 F 2B D%
TUAVMROOTAHE D AEAME VETFWEEOBESRBONEVIE P b s
(Fig. 17.3) WBAK MG EH VI 54, B/ 2EESEREMTCALAVE R LETH
oo ETBHBFRA THOMES RO BEGHEREE DR &b 10ft/sec TH 55 HEAE
PUbEThY, FA4 TEBEHIARACERFELSREBCTRABELI2RAIA .

17.2.2.3 Vv AV ' AHEEBEORS

REAficT L 2 v FOREERHEZ30°C I LY &, BREFIOSE U TEYE 3 & T AT
o BYNIKYH0°C/min OME THHT D4, HHEE THIEERKEBHCHAIH AT

2) D.Flint, J. Inst. Fuel, 21 June(1948), 1. Fig.2.7~Eig.2. 11 iX 3008k k%
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06T o7 122 1625
400 —
_A~-B Sd _G-D SECTION_
TRU DENPOINT
"""""""" - Ill
3001—
&
w
g
b
o
i_:' 200 |- C
#
A B
vy +
1
foo 1 2 3 4 s
GAS SPEED s, D
Fig.17.3 Change of Dew Point Temperature Fig.17.4 Detecting Element

due to Gas Velocity

3°C/min OB HME &+ 5,
17.2.2.4 WHH= Vv AV FokEs
#%77~:vfyhmﬂ4Vvazﬁﬁx%ﬁﬁwwuﬁkéztk20@2@WG@PUH
13% Rh BAEXN» 685 (Fig. 17.49), 17 HEO A Ly I AH T RED—IEIC 75 v 5% oiF
s EBREO L S KL 2R 19, 75V JHB 1 Thd, 75 v S HREHCAES L
S TH Do WETBHEILT T2 5 —= 12 v big Probe Iz &R, MEMEIC A4
B
17.2.2.5 v Ay bERCIGEE O
BYRERE N TEEEIET 2 X5 KBita i, L LU T 200ke 20 Ficiib L
THEN S 2 FREREM O HERIC BB E RIETZ L2 bn Y, EHEEV A< o7, Fig
17. SI e SEH R O BoaRfal s 2R ¥ . BERORi 0 A DETECTOR HLEMENT THERHD COU
7 ZAREDIREER Z OFZFCAOZHEBE % 2 N
i, WHhHEREMELTHREST S, ACEEMS
HBREEEREE UHNE T 5, dES 8 BT8RN
AL v FTTVALV MCHIEHOBEREYEZ 5,
EFLTEEE/EOS DAL v F &L o7 AC=A 2
vt~ —F BB AT B,
17.2.2.6 T U 4 v bR o Bttt o
a. BMOFEELLVEEOKDES
b LA 2o SO; 0 & L S \
N _MILLIVOLT HETER
BRI, H9300°C bk BEE ST Fig.17.5 Diagram of Temperature and
BT, BEERBNLLIv. ZORE Conductivity Measurement System
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Tk B L EE ORI TE L, T7abb "Water Dewpoint” TH o, €I THL
TUAY RSN THAIIED bND LIBEERBOOMCHE S, TbbEEERERER
DVTEREHENTH Do
b, Mk % A
3L SO; BB H ARIREETIE, TUVAVFERRILTITCL, KOBRL DV E W
B CENEORINNES, TOGEECHEMEBE L THZ L, RERESEMLT<A 2
a7y A—2OABMNKRNEND ECRER—ECHRIRD, ZOMP bREESEINT
FIENERZHD L, SRREMMD T REELHEINT 5. TAhbLRELZEL S,
17.3 & B & B
Table 17.2 iCEAHEIEHERER ¥ X P !
e 8 SRR DT OB ORI, T OB T
DEA T OFEFPREOH & L T Fig. 17.6 20
i+, Table 17.2 GR&hicd d I & oo ]

‘ |
ot | et T E
WM D0.02%, TihbbERO | FD | l\, RN \
D2pTyEST B RIMTAEESR 0 “ | | i B ;I;‘
°C~50°C I F B o E%f%_pl_%
F7c Table 17.3 WRT L Hic, HEY § - ; BEFORE IAMMé}NI/\ lNJElt)TIOIN
wEiRmRc T ve=TEARGRbE i RS
A IBED SOy 24 SHEELTY g ] ] EERRERE
A, AR Ko T e COTE Bl o 1; |
;

b

Mo LBERT S EPHEEND, TORT |

1 i i

i o e o 0= 1% =7 _DURING AMMONIA II:IJ[_C:t;IQN_ [
7= TEHEABRORKBET v E=TORE pul (! lTﬁﬁTT‘ ‘ i
i, BRI IEE T ICHE W@f%TT—rfsi =
o col
SRIETDTHD Do M &+4_p@w_5[i_;
b . ’ 1 ’ i i !
BH LT vESTEAR, Bl REH NN 0 | |
c 1 1 .
Fl-/--’Fll';S 2 4 6 8 10 12 14 16 18 20 22 24 2% 28 30 32 34
o4 F 5ol Fig. 17.7, Fig CURRENT 7 Amp.
IR T . BT — D, Thhb Fig.17.6 Obscrved Data by BCURA Dew Point
BEL ZERbP LR Meter Date : S.35.11.30
o N o

CEMEHCIERLTR o728, BEMEA 4 Y BHEIICKENL v © T (Table 17.4 B) B
ERHEREREOLNERP 0T,

ERAR LA T vE=T REALAL oD, BBET v E= Y AL BEEABEL VD I L3RS
nhot, Fig 171 OERTT 30 <) YOBARTT R o8, BREENE- T KR o
R DD LD oTte 7ANVT Y VEBALLBAOESRAT v E=TEFEEALLEEL D LY
8°C Eil L olco BEMOERTRYRLD 2 IS CBbN S,

Table 17.5 kKB ER LT o THic, 4HETLRETIED DESEIPEIDP DI B I
Vo Efe T =T HEARMO 200 HH L5 O ACC (BBT v T =T EARKE) & 2T HET
ACC i3 CHLOFHR PP B THS I o TORDT v E=T BEATMIZT ToORT L% R 5 T
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Fig. 17.2 Result of Dew Point Test

Air Preheater Gas Temp. D Gas
Test °c__ Fuel p:}.;‘: Velc?cbity Ammonia Date Kind of
No. Inlet OQutlet Mean Ijh °C m/s added kg/h Fuel
‘ f
1 ' 284 | 218 251 480 | 149 1 2,37 Non | 35.11.15 B
o — _!_ . _ B __ ‘ _ ' . _ L e
2 316 267, 2915 571 123 2.76 Non 35.1.11 | B
‘ ‘ |
T T T T T T 7‘ J - B " Ty 'T— -
3 324, 260 292 660 151 3.20 ] Non 35.11,14 © B
| H .
L B i ] o , L
! *
s aml a6 | 2se 509 44’ 2.30 (8' 8&29%) [ 35.11.22 B
' ! 437 %(0.01917%)
5 308 | 242 275 355 50 2.82 0. 0985 ©35.11.30 . 0B
I ,,l o o 106 ¢+ (Formalin) | |
[
6 285 233 . 258 a5 <st 266 CQUME 5526, B
L D I : . ! - : _
I . | : | |
7 259 213.8 241 240 45 oo lesidual g5, 8 c
* T
8 294 241 267.5, sl 190 g0 TQOS%) 5502 0 ¢
‘ ; ! ) i
* Ratio of filling amount of ammonia added to fuel.
Table 17.3 analysis Table of Soot taken from Air Preheater of Test Boiler
Before adding Ammonia
B Reaction' SiO; | FeSO; [CaSO l Fxcesl i“ori"s_t ‘CarbonhTE;%:S, CaO | T,SO;
! \ ‘ ] ! | ;
| Soot on upper part | Acidic ; 0.93: 5.8 | 1.34 ‘ 4.33 . 94.30] 85.66) 3.08! 0.55] 8.41
| I ! }
. ! k : | |
P‘)’Zi‘t"‘e“h onlower scidic  0.10| 36.72, 2.91] 5.93| 78.11 | S1.50| 19.30| 1.20| 26.99
| ' V I
! H i

Test Sample: Ca 0. 5mm thick soft soot,;and a little harder white soot (FeSO,) was observed at the

lowest zone, these two kinds of soots were analysed separately.

After Adding Ammonia

R , . Fey | (NHy)2 Excess ; Total Fe ’ Total
Reaction | SiOg | FeSO4 (SO Fe303 | CaSOq [MgSOy S0, ‘(, rbon as Fe;Os CaO | MgO SO,
Cidic | 1.34 3.19, 10. 84! 1. zo‘ 0.66 1.38 0.18 ab°“§0 7.19 0.27 0.47  9.60
B . t
Trace of Mn, Ni, Cr, Mo, V etc. are observed.
Table 17.4 Properties of Fuel used
B-Heavy Oil
" Flash ‘'Viscosity Residual i ‘ IS .
Spec1f1c .Reaction | Point (Redwood) Carbon Ash % Water Sulpher Hydrogen Cal. Va.lue
Gravity - ° ; P % % kcal/kg
_ L 7(: \ 50° [ ‘}a _ o
| : | -
0.925 Neuteral 93 153 8.04  0.016 Trace 2.77 11.7 '\‘ﬁ‘;‘ 18 EE
C Heavy Oll
o | B
< _ - - 2 Max. 10,170
0.9509 ! 106 | 397 7.9 0.03 Trace 3.33 1.4 Min. 9,575
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Table 17.5

Financial Consideration

Item

46,000D.W. T. 17,000PS Turbine Ship
having Gas Air Heater.

Calculation

R —
Air Heater ; Heating Area==270m?

Number of pipes

Cost

‘ -
Expence l Difference

Boiler 2sets 270/7 X 0. 0508 X 3=560 :
Expence for renewing every 4years by 360X2=1120 I |
corrosion @ ¥3,500 |
3,500 1120= ¥ 3, 920, 000 | ¥3,920,000
Instalation of ammonia set. :
Cost ¥ 2,000,000
Fuel consumed per year 30, 800ton !
Ammonia quantity {(coresponding) :
2/10000 | 30,800X%2/10,000=6. 16ton i
50kg Bombe Consumed i
6,160/50=123pcs ‘
Cost of ammonia per year @ ¥ 5000 5,000X123=¥616, 000 ‘
Interest 10%/year 2,000, 000X0. L =¥ 200, 000 ’
Depresiation 10years ¥ 180, 000 ;
Cost per year 616, 000+ 200, 000+ 180, 000 = ¥ 996, 000 |
Cost per 4years 996, 000 X 4= ¥ 3, 984, 000 ¥ 3, 948, 000,
Difference * 3,920,000—3, 984, 000=¥ — 64, 000 ‘ Y —64, 000
Applying NHj, even when anchored. ' l
Annual fuel cons. (9voyage) | 70tonX2X9=1, 260ton
Quantity of ammonia 2/10000 ' 1,260%2/10,000=0. 252ton
Annual cost of ammonia ¥ 100/1kg 252X 100=¥25,200
Interest 10%/year 2,000, 000 X 0. 1= ¥ 200, 000
Depresiation 10year ¥ 180, 000 ‘
Annual cost 25, 2004200, 000+ 180, 000 = ¥ 405, 200 '
Cost per 4years 405, 200X4=¥1, 620, 800 ! ¥ 1,620, 8()0|
Difference ‘ 3,920,000—1,620, 800=¥2, 299, 200 ¥ 2, 299, 200]
Applying oneway voyage & in harbour
Ammonia quantity per year 3,080kg
Unit cost ¥ 100/1kg 3, 080X 100= ¥ 308, 000
Interest 10% per year 2,000, 000X 0. 1 =¥ 200, 000
Depresiation 10years (10% Res.) ¥ 180, 000
Annual cost 308, 0004 200, 000+ 180, 000 = ¥ 688, 000
Cost per d4years 688,000 X4=¥2,752,000 ¥2,752,000
Difference 3,920,000—2,752,000=¥ 1,162, 000 ¥1, 162,000

55 TOHBERIBIEOHETH 54, R T THRENKERITHZ LBbh 5,

17.4 # %

FA TOEBRETBEEREL LTROEI b oRdbITbN 5,

1) BOEHHO ALER
BEERERE BT ARIL LA TV,

i) a—~54 v
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Fig.17.7 Dew Point~NHj injected Fig.17.8 Dew Point~Sulpher Content
BHE LD,

iil) #Rpn o & H
HADEEDOETEHNE LIcb D TR 7T VE=THARLLITH 5,
iv) #f *
2 O EMEBRE N TV 32, HREHS LTLHETER Y,
v) et ER LI CEEFBOWE
a. BEBEEZHLT 57CDITITEKE, HRTFPABEOERMBEEZHEALVELLbRVLD
23 %o
T T EER & MATHIC KT %0
EDOREREITN ) HMETT 5,
BERANMSTEREBILT 50
b. WEHAHD CO, %% % T3,
c. BB ENESHABERELEE LTI AK#EE—RICT 5,
BRI ERPT7 V2= 7 B —RED L EbN DO TCIOEFRER L L ZABYIRSEN S I -
foo MEEROKBI IV 7 2= THEREZ WA OAEDTERVHL LV I BENED.
By 5 KA FRES AQOKEIREMAPORHINRIER L - THEY, ZOREBEIHETDH
BRHBERBIEEL—HIRRETE Ly, AWK LENERA—B—E1Ed Y, K4 FORBFRBL
BEMCES@EY n FEMERAS AT hE b,
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SR18E  PRBEAR BT Bid T B A4

i IF D 55 HHE

18.1 #& =

TR X U
2o\ T

PNt NV N ¥ e 2 7 S W 3

RA T, Ta EVBIHSORE L UCREEM & BT 5 MBS < 78 B 100 - THREBEIRWIC X 5

MEOREOMENRE 5, FicEREETFLE LI
RATF 2—

THI LD B, ABEIME SEH-5 fv,

Lo TETZBEARORE L RIFIC & 2 BABOLIL LM<z b0 TH 5,

8.2 B &L AR
18.2.1

18.2.1.1 EERH

Hs 2 2IERICHHKEANT R b E— 2 (SSFS0X11X3mm) % Hulh T 3T 2e&l i1 T4k

2958 & K & BB O BERENT 54T B g1

800°C IR & I RORTL & 8% LIS AWIE 23R 5,

18.2.1.2 B B &

TR T BEWHBRBBL 75> TL 5o HiC
TOXFEAOWMEREED bO CHEED ERIC L o Twb® B3 FUU LT 5 v 7 dik
NP VY b EBLEMOREEK L BRI OMRE b oKIC

KIS T D0 AR IR, St ) 75y, BLS IV~ = N REN Lic B

VU hEHCIEAD

i % Table 18. 1 (iR Lz,

Table 18.1 Effect of Additives in Va-Ash on Weight Loss
‘ Component Mol. Ratio Weight Loss
\
} V03 Only 0.78978
: V3205 : GeOy + 1 0.31248
V205 : SnO, 4 1 0.4794 8
VOs : MoO3 3 1 1.16168

18.2.2 ARIKEHWIKAMEDHIE
18.2.2.1 i ¥

SEH-5 (jii{#$®) 16X 16X Imm 0 4 0 T,

Z Ok % Table 18.2 1274,

Table 18.2 Composition of Test piece

Element C Si ' Mn

!
)
|

SEH-35 <0.25 <1.50

P S Ni Cr

<2.00 <0.030 <0.030 19.00~22.00 24.00~26.00 !

18.2.2.2 ARKOHEAK
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Table 18.3 1253

Table 18.3 Analysis of Artificial Ash

ViOs | NasSO, | Ni0 | Fe0s | CaO , Nacl
No. 1 79.5% | 20.5% — - - —
No. 2 56.2 43.8 — — — —
No. 3 30.0 70.0 — — — —
No. 4 71.5 18.5 | 5.0%  2.0% i  2.0% 1.0%
No. 5 50.6 39.4 ? 5.0 ! 20 ' 2.0 1.0
No. 6 27.0 63.0 ’ 5.0 20 | 20 1.0

18.2.2.3 JEBORDIT

BERFCTHNOAKRK 2 BR LT ORICERERNORF 2 AW 3 OB LTIKIEHES Y
B, ZORARIKITFRCISOTEMBASNIREBO LD EER Lz, KOWE LB dREA —
FEEMEE TR, —ERECESTTFRIEANRS, FATHSKRIELAL L, BEREFo
FERBEE Lic, —ERHFNTMES I ICOERF MOV L, 740 Y BREERECX T
AT~V EfTiE 5,

EIRRII Y — 73 LIREEY — % 2 OO L D % 400°C ICHii L, HAA &G E LT 154/
dm? OEHHE T 3 FRERE, EbIKPiBUKk: L CEBRER (1@ 1) k2¥8-2,
HUO+2KEC LT bMET 5, FRE?S 77 v 7HEES IV CRENE L Lic,

18.2.2.4 WHEBOE I ZEREOEIL

ARIKOMETT L 18.2.2.3 LRAETH 54, HICHELRODE VLISV TE 7& bric
EVTHEE S i, BABRIRERES00°C CTHREAIIL 6 R & Uiz #Ei Fig 18.1 ol ia oz, M
BODWHBETEARIIE— 73BN 3, 20mg/em? Pl FHFHELZL DT 2 b E— R DEEED
e HEHELDETCRENDO THEREBAZEARONE KD,

TIME 6 HOURS
TEMP 800°C
@ Vo05:Na,50,=1:1 (§2.2)
20 o V205
<
g“ ©
o
101

Q0 ] 1 ! 1
5 10 15 20
QUANTITY OF CORRODENT (™9 /caf)

Fig.18.1 Effect of Quantity of Corrodent on Corrosion

18.2.2.5 800°C 33 L UM600°C iz 1T 3 AR EL
VO DEFRODSCIKITEREANTHREETHZE LT3, #H0 1 41% Fig. 18.2 KR T,
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BRI ERRE/ EA 3 V.05 06
TEMPERATURE 800"8)

BETH 5B,

18.2.2.6  JR5F~0 B 100+

WL LTit Mg, Zn, Al 0 ' 4)
fEEf 2. %0 BE O KSR //
Table 18.4 IZ/RF, RN B % //
Th b, 650°C It B 5EAR % Fig. //
18. 33 L 0% Fig. 18.8, 800°Ciz 5513 % 4
MgO BN B4k Fig. 18.4, ZnO iR E //
o L o % Fig. 18.5, ALO; Bhno 3 g // SLAG COMPOSITION

50 F 7 VaQsiNge S0 (MOL.RATIO.)
o % Fig. 18.6 [K7R L, ¥ 2 RIFI D = // El%)ﬁ ? i E'ﬂ‘éé)}
METRER L BELD b DIEDT /@ 6 gl NaCl N0, GO
/ (5) (1 : 1)+Fez 02,NaC1,Ni0.Cal

Fig. 18. TIL/R o 650°COBER Fig / 6 {:@E}(Fﬁgbss),waol,Nio,\Céo
18.8DX 5 d, BWAEIKHL T X // '///,/%\
- & DI ER Licoid e v T .// ////
V4,05 :Na;SO, =1 : 10K ic st LTz d // //// o
BLELHEEMULEDO LD TH 572, A ’____,,.--———""‘ (3)

18.2.2.7 ARKOBA N .

18.2.2.6 Cf3/ o7z V205 1 NaySO, 0 TISME—HOURS 10
=1:1 (FN) DIKITOWTE Fig.18.2 Effect of Slag Composition on Corrosion of

SEH-5

ez BSOS EZET S &,

Fig. 18.9 it %5, HIEHEIXI0% T XX b ) v TAKKERY, EHOE=AF0—4 8. Smm,
& 30mm o =M BRUFRIC 82° Al & ¥ T T, #HiX 20°C/FT550°C £ ¢ kA X ¥ 7=
#T, SC/POBETCHRAICEEZ EFEZA#0 S E RICERE LcBoBENOETR & 3 A
o WRIMEMNSEVHRE CRES EFREEL S22 v,

Table 18.4 List of Aditives in Va-Ash

} V205 NasSO4 MgO Zno AlO;
No. 7 49,79, 38.8% 11.5% _— —
No.s 2.7 j 4.2 61 - -
| No.9 5541 433 1.3 - -
. No. 10 a0 1 350 — * 20.1% -
No. 11 190 1 300 ' — 11.1 —
No. 12 54.8 s — 2.4 -
No. 13 4.7 333 — — 24,0%
No. 14 48.6 37.8 — — 13.6
No. 15 54.5 42 4 | — — 3.1
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18.2.2.8 NaVvVO; #|K & LI=iB4 DA

IKHRECHERT 2G4 L WRIBT 1 KIET XA, B#H, BBy 2 EHKhoBRE L e
Lico iEE % Fig. 18.10 2R3,

Vo0t NaySO,=1 : 1 (ENH) OboERAREOEAMTH »7. HFHAUIT HANHE L
FEOBSLRALEERBD O, EIRET AR TRBREMNIRA LR SRt oi,
ZOBEOKHED SOy i, 7.52% TRl 556°C Th B,

18.2.2.9 MERMBERBAEIC X 5 SEH-5 nE#

V05 2 BRARD & T 2KIFHAOMES B ERT L HEMT2L0LELS &, FHA
EOESMMAE L - TRAREDT I LN TE S, M SNBED LDBITI £ 55M3KT
THICKFAER D L5 AHFTAB L, B ETNA 2~y FTHREE o7,

V205 : NaSOy=3 : 1 (ENE) DKTZ iz MgO, MoO; ;M Lize 7 A F E— RITAKSE
28 = ROMEREIZ 0. 95mg/cm®~74. Img/em?® £ Tk & o7, ZORMATIRIKOEA N 5
> TREE LI L,

18.3 == =

FHREOBERCAET 2 AT EMP 0BRSS, BE, FHEK, SREkH, R, %ok
itk > TRELEIT 5, EHPOBERRDSOEFEENT D LROMEL BN D,

RO RFBOBRBEN R » Th LAEREZEIAT 5. L UREBRED ERIT v o RIT 700°C~1400
°C oL L BEliER Fo &R L SOs & ik SO, ORIENIE 50

TOBEHELBERILOTDRS ALEEEIZRIL LT iz v, BIZIF LK © KiFE T S0, &
721 SO; L OGRS, BILE AT DU AT 75 U OBREHHIE 1200°C PIT oL ERAIAR TEE
72 V05 BWT&E B, Thix 1000°C T 2. 5X 107 FIEDELXEER LTEFKT 5 8EBIC X A F T~ b
5o AFT— ME V05 X D ERRERTE . ELRFTEEBREROFTYHRITIVILVL Sbh
B0k V05 £ V.0, NERMSEESEDNT D LEX DI D, EMACIBKEAOEXE 5 Y, Na
Cl DKBEDO =<V 3 v, NaCl iERZOF A Pa v B, NaCl i3 1000°C T4 X102 4
Fo#ESEEFH DT, NaCl BEHETBHHEDL ViOs D FRL YV KEVRT 3, *2 T NaCl i35
B SO, ® SO0; L RIGT 5. ROZMHARIGEE X 5o

2NaCl+S0,+41/,0,4+ H,0—>Na,S0O,+ 2HCl+ 51cal/mol

ZORBDTD NapSO, I ¥ ABELUTORTCLEIEMT I LA TE3TTHD. HELAA 7

Fa—TEHEBELLEREOKERTYH Na, V, SO; RO0EFRIEZ V.
18.3.1 WA LIKOMR, WINA, REDBER
18.2. 2. 4RI X B &, BHOEEICHT LIRABKSORTHEALTES, b oRHRNICE

CHBEERY - TELDR L E— 2 b bbb, V05 NaSO,=3 : | A, 18.2.2.9m

EEHLLRE— BBV, LA Lo bHFRORECTHICE~ 7 RMH T 270 Liviav, ¥

XY - BB Z LRKRBOESICL 2BAEOLAYE, RARCEREEHD LI ICBbhs, &

nZgo Data CRALELFZARVOTH BN, BRLLKOSEM{COBBRENREL ELIKKER

BETLT, BLLTL 30T, ZORKEERFOMBELBIRANLES ML Lz, 18.2.1.2

DERPLTELK L OEMAE CHANET L Z LRI OROBREOBRELEICEEY 5. MoO;
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THRAEHIZT L GeO;, THOVHEAIE S 5 DX EBEERIC BT 3MEOKERGIZE 2L D ThH S
9o ViOs: Na,SO, %)V Th 3 & 5 BIKS Tk Mg, Al, Zn O e D FRINS b
TV NEEERIBOSES T LR TE D, —MMIC 650°C 12 B\ T i3 800°C X VEEREETH
%o FICENFHIO I DICERAHEMNC EFT 28X TMZ 728413, BAEN -2V +5 2
Bbhs, 18.2. 2. 80KRE W MM OTERIE AT CT AT # v 7 OKRBEMNE SO TEL, BH
ROMERICLDYENKRTH D, LERER EOBTER ST BT RRESNEEL 208 L
Nz,

18.3.2 MFEHBELBEAMEN

SEEEICRB > THERETT 28545 F 00 MULAMEMEX vV 7 — & LTEfT 3. &
B EROBEREIZICTHECIL R — Mz KOHIZ & i3iAR, KB LT X 2 BEESE & Bk
YMElED. 2% ) SR L MROESEBEMIT B NIORIED & Z W DB ORILAETT 5. % 2 CRK
DI ZODOEHRERIE & EHG & BRI TX B,

@ BEBAT -V —LEEOBEREE - THBERN~BEHT 5 K6

b AT — VRO G

(i) &BoF R~
(ii) MFEoOLSEM~DILE]

© EEREBRT — N —&BEOEFICRE S Lk CHRE~BET 2 K5

SR LTORSHEER ZOPRLBEVEISTRES N5, $hAEROBAZA T, —ViRERE
KENTET ZBACBOINCHEBERO B D ) BILOETL L LIt LEBER KO I L AL TH 5
Do o THHMET > THRBLEN ROADPALBEIVEMTH B, L LI EHICEL TER
DOLHPBETH DL LTHB L, REEBREHEND T3, R51CD LREORICE,

D= Ae—E/RT
DBEREPRILT 205, B{LEEONT T L ESERICH BT h 5, Fig. 18. 13 DRk
Data AR TR > & Y LEEETA VA, BHEBEEIb0sFh2 X5 KkES,
KiT Fig. 18. 12 IR & 5 BRIT MR MO K ORI 0. I~ 1 B8 L 0 1 ~ 108 BT 2 4
ENREERBIRPEY L2 X 5 Th B,
BHE O LBARE () OMcROBREEL 5,
y=Fkt"?
Y RAER (BERERGce)  k: KGER (/BR)
nefER 1 BERY (RRD

0.95mgfem?® DHfFERD 1 ~ 10 FIORRIZ EORL DEFEF 2 L #=0.66 ic /1 B0 E72/BbNie
%%ﬁﬁﬁk@o<D&béﬁﬁﬁﬁd<ﬁﬁ%ﬁbrwéoﬁ,:naziyf$@%ﬁﬁW%ﬁ
ﬁ%ﬁéﬂtbﬁﬁbkbﬁéikﬁ5mﬁiéom%ﬁ%ﬁﬁ@%%ﬁﬁ@%Mﬁt(tbKWk
BolebDROVTIL, 7AMOBRICI VS BALTERE D FREELELES © & 2 2
%o

— 121 —



B9 BMAKE LD w07 v 2= 7 FAIZOWT

HEBEY T E MR S

19.1 #& =

EHERETH 2MAFRA FOEITHBREOT AERIC L 21BBHUL, | ETLIILEREORH
10%DEFEx ZHELETHEEREV, ZORGBWHFEL LTRSS 2AORBREEZ T T, 720
RErERKTHRREOGBERREERELTICETE LOAE L v,

REHT ARORBBEL T 5 E LT, ORBERDOFERAL 5 2 BB oM ERET 5. (2)
PRI B R L OO SR E BT 5. OT vE=7, Kn<d b, Kter %9 A, 6
{LHERFOE R E 2 R &AL TREED A AOFREE AfilRET 5, FOFEREEZL OGNS,

INBDHFEDH L THERY, EORTEAEDCDH S LEBELNZ T VE=THRINZOWTOHEIER
BRE D Dy, EIHORA TEERALT, 1) &4 TEHWOBEMLEL, 2) 7oE=THMALHE
K, ) EEISAOBFEVHED DO FELENL ORFERIZS W TRFEITR > BRIV T #ET
%o

19.2 RBEESLIURRAZE

19.2.1 FERCHER LicARA FOFEH LBERHOERD 1 % Table 19.1 12, 7rE=THEA

HEO PR E Fig 19.1ICRY, 7 V%= 71250kg £ >~ b ENHBAIC L - THELZHE L,

RPCREAHERIEATRBAOERO—H L BE Lictk, 7ABEHEICL > TEITFRSGHEIC

Table 19.1 Detail of Test Boiler

J

| Mitsubishi-Hiroshima CE Tyep Water

Type ' Tube 2 Drum (VVX50X) Out Door Type !
Evaporation 40, 000kg/hr !
Boiler Pressure 56kg/cm? l
Temperature 403°C |
Fuel Burner Press Inj. Non-return (Concentric) Type i
! Capacity (4) 2,800kg/h i
Injection Pressure 2tkg/cm? i
Air Preheater, Inlet Air Temp. 65°C {
Vi , Outlet Air Temp. 210°C {
P , Inlet Gas Temp. 310°C [
: ” , Outlet Gas Temp. 135°C i
# , Intermediate Gas Temp. 175~190°C }
| Type of Air Preheater Steel Pipe Type :
Viscosity 66.4CST (50°C)
; Residual Carbon ; 7.88%
Flashing Point | 117°C .
Fuel used Water 0.5%
Ash 0.027% :
Sulphur 2.72% k
Calorific Value 10, 277Kcal/kg
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BEHEILOHE LY B LI Lice ¥ ABEHEI
63mm¢ DL D 1A, 38mme D LD 2 KD H f‘“
AEIC, 3mmg DR EF 100mm [k & i 72
Lo, Fig 19.1 FHIRT L 5 i #=AF
& Y 2iFr,

T UE=T HAOHH AL RS (63
mmg) TEFARTHEMLT—20R T & i
AR LTH5°, [ (38mmg) TrxRHlic

/Air heater

Hele Lo delermine dew point

\

27° & Lieo R BEARICIZERDHE L, 4

REMAETHBNRD B9 62~y T v TE e plate Q chimney
ﬁ%@t?4’?7?“/5ﬁk DOU'T, 2 BGCIEI] A detuil corrector

< N s e I1DF
TSR -V Teni0Z LTS, b X

ETXHIC Lkke 7 Ve =7 OEARIIBRE
72w LTO0.0, 0.02, 0.04, 0.06, 0.18% (&

Fig.19.1 Scheme of Ammonia Injection

BH) & U, BAESHERZ150~200mmH,0 & Equipment
L7,
EERHMEE T v ETBRIZVWLTENRENRL YR E Lz,
19.2.2 5 30 2 6]
19.2.2.1 JASEOZHI
TvE=T EREANTEUAAEYIC L 2 BRBROEBIRREEP D B 7 v E= TR E
AH[EFRTR O 25T RGP 3 L VEKFRBHOOBE 2 HIE Uic, BEESHENTEE LTz
[THABPEB I THORB T, #BE VARV LTHAKRBALT, F0—¥k~ /) £ —
ZIHERE Lico BBBEDQDF— VL — b, HESBORILEDL H b T Lz,
19.2.2.2 KRBT BEAFOHA
REA & LTSS 2 VAT HESEHRR, HOSMEESHT, EEALND 4 FERCEUS T o
IhOoDREBRF X7 vETREALBELEXLEBRI L icTHL, ZoRBKTRICZIY T
LERZ» b VR RE 2R EH Ui,
19.2.2.3 WBEFHET v E=TI L 3HM0EAEE
TR TREARCE DAL LB T v v OMMICio T 3BBE 2D B7ch, R
BiFr (STB 35, 13X15X 1) # S0m! gk RIcRIRO BB 7 v 22 2 b KA L,
BEOBERFE->TTERAFI TR0 B0 2MEAREB R 1T/5 o 70
19.3 BERETOKRE
19.3.1 7 rE=THENK X 5 KHEFEOEL
FROBEHEOBHIT S | BRI LICHAILERO 1 B L OMBETRLEZDD T, Zhb
DERO—TE Fig. 19.2 2R T. 7 E=TO0.06%EMLIZEED LD TH B,
B b BETFHBAN L BLATFHRBHEOREEZZ LA EZLLTORVE, TUrE=ZTEAR
T8 o Te BT B P & O 0 BEZTEEREOEMNE L LICHE LTV 32 L3 b E 5N ThH
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3o LW LANLIZOKIEAGND I o

{, HARFEROETIC X » THH OB - _
HiErE VEH LTS, B—#RE e
o & & o RITEIC X - CHEERR & ?:: (iection_glacs/of Anmonis
0 BIEE b 5 BB H 5o sre
Fig. 19.3 i3 #KMESVH O L&D §:"’
pHEmE L MO OREEREOME v
R THICRD, COREOEEEY M o
Z ORI BECH - TR 7o FIgREEZE Lz

CH L AT vE=T iR OBGRERD
7LD ThHB. M 50.02%T7 VE=T
DFEL CRFEEEORNROH B &
BB, 0o mEEERLEIC T
57 vE=TEEARI L R, TR

Rate of evaperation (Y1)
£ T

';/14. 20 30'% o 1s
WEOHAL bEENHEOT, HEO ) Date .
Fig.19.2 Draft Changes at each Parts of Boiler
HTRARBZ L ET 5, Addtion of 0.06% NH;
(4]

01z

004 p hd
M‘\/&
002 04 006 008 00 012 CI4 16 01%

NHs %

Fig.19.3 The Relation of Draft Loss
and Ammonia Amount

Draft loss. mmAg/dey

19.3.2 7rE=TEARLHAE

SERBEC X 2 EaEE, ZF0BRERSIVUT vE=T7EARL © Bf% % Fig. 19.4 1K R
Fo M b7 vESTEEAD L EDOFAEES 100 L L L EOEHET v E= T EAREHAELRD
BBEERD D E Fig 19.5 078 <Y, 0.06%6ULE0T vE=TOEALL o THARITIZL AL
100% it/ 5o T ?D0.06%1% 3 %HEZGLEMERE Lic L SRMB~OEIUEE 1 % (ZOEIRR
He#h A SOy, SO; OB HIFIEZ M LEBEDbND) L LItk EOWHMET v T VEIRO T2 DO YE
YT B2 Th Do

19.3.3 MEHHET v UL 5EMOBE

Fig. 19. 6 [T G AME L RBEE ¥ R, BEOLHISHECEEENE &, 300°C TRHMRT
vEVLEBEREET VEVICI ABAEERYE LTHET v E VI ZBREEDIR ) BKREL
DTV B, BilET V& VIRERBK TR R Tk 300°C, 240°C TIIBME L195°C TiR¥IRIE
TCholcZ LERLTV L, TOBBYIIERICKERREHEERL, XREHIK X h ¥ XESS
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~
< -~
s 3
= =
3 3 5
b . . ~ A . / B
X0 - NH: 0% 5 1o’ 0 2
. » S
o = NHy 004 % . 1008\ 0 %
s % ——i~ NHs 006 % s 40f 0% 80
< p N pos
-==~ NH; 0027
< 30 Hs < 308 leo >
2 S ~ «
g 5 * S
L 2o S 2 20 440 %
3 £ 0L A 3
o =Y -~
1ot . ' S el L 1o 3
\: e dew point m a
50 100 150 0ol 002 003 004 005 006
metal temp. (°C) NHs ”
Fig.19.4 Corrosion Rates at each NH3; Amount I7ig. 19.5 The Relation of Metal Temper-

ature and Protection Rate

NH,HSO, Tz DMt EARE O H sEO/LEH0ERERL
TWize ThoDFRICEINE T v = T7HEAR X BERY
1X200°C M FOBEE CRIFRTH B LEZ ORI D,
COBREVETT =T EEANLBARERMN, R

Lorrosien rate (™) [cmtday )

FHISEERCAMRCHE LA - bXHAE LT D ER /
EHEPERKE LOBEAEL 2O TRAVRrEE X B N ] .
Bo 7T NDDERYIC L BMMOISAHREFRED EY L~
ik &Nt 5, metel temp. Co
TOXHBRMEAS T e T RHAEOEEX200°C PITF Fig.19.6 The Relation of Corrosion
o Rate and Metal Temperature
DD BEREESZEPHE L bR 3, by NaHSO,4

19.3.4 BREEH A DA

Table 19.2, Table 19.3 XA THMPR, BIOBEICRT 5 &EAGHEKER 2 7R 7, Table
19.2 OFERIL T € = 70.02% E ANREHK TR OFHER TH v, Table 19.3130.02% 7 v =
TIEARBRIE T, WETHBPEEBEBUKE L, 0.04%7 v = TIEAGRBRE A Lic b 05t
MRTH D,

Table 19.2 The Changes of Dew Point

A.H. Centre (COz 13.6%) . A. H. Outlet (CO; 11.8%,)

I _ :
Dew Point (°C) NH; Dew Point (°C) | NHj;
({/min) I (¢/min)

122 0 116 10

124 0 112 10

125 10.3 ’ 100 10

i25 10.5 100 0

94 14

A.H.: Air Heater



Table 19.3 The Changes of Dew Point

A. H. Centre (CO; 10. 6%) A.H. Outlet (CO1 9.2%)
Dew Point (°C) NH; Dew Point (°C) NH3; ;
102 0 59 10.5 %
110 0 121 0 !]
108 | 1.3 105 ! 0 ?
110 1.3
70 10.5 |
65 ! 36.0 ‘

Table 19.2 TR 7 rE=TOREAR PP OO TERREOCR TRAbAE V. ThiX 7 rE=
THEN ZAVRDEY OIDITBRET AL T v E=TOREGPE—CTRbAR P oI LiE B
HEELILNDS,

TrvEZTEABELOEBYMOAEREAN AVREBET Y, BYORE/NEL T5D5%ESE
WLV ZLBMHETHY, KRB TRA—Y T 0hVPRITLZPEHE LIS, LWL VKR
LRTERD oI, TVETOEMHBEADOTDICIIE b IRBEHREE T 5,

19.4 % =

19.4.1 B £ 3 2

19. 3. 20 EEFER 2 50.05~0.06% D 7 Y E=FTOEAR L o THERITIZ L A LIHIETE B L0
oL o,

19.4.2 BEESEIZ>WT

19.3. 146 7 V& = 7 OBEAIL Air heater fif & IO Do ELESE 2 #8544 L o EEAAEL B
DWLEHIREEET 3. ThOXBERBEBILODDOT v E=7OFIFIEBE LTI, ZoRAE
ZEPRNELTEPHBEBEOBELREATH 5, AREMEL 7 V=7 RINEL OBEKRICS
Wi, Fig 19.3 IR LT EL, T rEa=70 02%AHE I BUERMEOB/INED b 5 Bk H 55
EnBohic,

TOMBERRT2I LR T vE=T R RARKFILOILDIFIBT 2 BADIEH LA B2, DI
OB OV THBEICER L TH 5%, Fig.19.712 BT
MARESBAER X > TERT 25HMBEN, 7rE=TOR
X P L, Fhick - TREBMES/NSL BT L
ERTLOTHY, MBRET VvE=ZTEARL->TA~ B
TUBET v v, BUERET v oS5 BT 52
LT X BEESMROHERERT . BMBIET Y E=7 ORE
H T LR CTREBMENRD LT 30, ThidfdEdE
DECEBERET VT oRED LEERo/NSVERET Vv E NH %
CAERNREIEINT A LI B LDThH B, BCg Fig.19.7 Schematic Representation

of Draft Change by Each
ALBEBOERKLIZLOT, ZThdbhbhdBHRLLTL Amount of Ammonia

Dreft loss
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bz AREESEREFTTHETH 2, 20Ld T Ve TEE LETFELROBRE R HBITE
BERYLT e TEARLZHNEENLEICIZ2b00ERTH B0, HIATHEBOWEE, 7
VEZ TEASEE, SERESICE > THEBOERES LD EEL LN,

19.4.3 7 vE=TEASRE
19. 3. 3D GRS 5200°C YT 72 5 <~ BV EF R EABINCEET o T AXHRIERY O il

B EEP L THERDL b > CREEIINRIZLEY TH 5,

=

19.5 & ]
PRl (BRESEIN2.7%) RERTIEBEORS TOMKPHREILT v E =7 £ EA UKEE K

LIRDER 2872, b OB REHO MRS X CHUR, BREESEOERICE - THTOELEY b
5908, B0 T ITNHIRCIEC LTREBR T2 EATES LB S,
Q) EEFHRBEOFEEEREEIBICET VE=T BRI LO0.06% 2L EERINT 2 88 R H

O?‘Co

® REENEE/NMNCT 00T v E = 7 RINEIX0.02~0. 03%FEE Th » 72,
® 7 rE=THRIBEROERER200°C PITFAEE L,

— 127 —



20T MHE 1 5 0BGSRBRIED &

P S Tl X T B O S WAL N

20.1 #& -1
AR A T OMKINER, B EoTMIcFaTa=y v, 7 IHEEEHV 258, B
BIORKLEROERIC L ) BBRAERELE LS LS. SEMMORELIzL by, fA
BEod 2T ETHENIIICRZ Z EATHEN, TOHEKRMNER SO EREINS, foTI i
T 36 BESHRATE O JERIT 0 TRK AR O IESREL R, AA/KALBER] & o BEIGR & SBR LM ELEE 0 B
18, BARAREWL LI,

20.2 # & = E

FAMARA 7 O#KmEE, ZEBRER L e L-RICEHSh 2 #MTRBAMERE4E B ETH
» SEOZEBICHz0k Table 20. 1 IC/R LicF 2 7' r = v 7y Ak D E Lz 8 O il
BThHs (XaXvzy f M o0 TREEHEORA AL O LILE L), HEEP, Srizgdn
M B TOE D ICEIBIMT L, REEANE L bV 2 FR— 382 2 ) =—% T §400 ¥ CHIEE, ¥
Yy AFNTA—N, 2—FUOBICBIRERE T v — & R TR RO BTt Ui,

2003 # B »H &

203.1 F—trZLv—=T7F 2}

BERICBER LicA — b 7 v— TRARI 100 0227 > v 2§ (SUS 33) BUCRFIHERES % 150
kglem?, 340°C Th 2, I & BB & DU L7 /el © ON-OFF RicA — b7 v— 70
RERHEGEND, HoTH -+ 7 v—THADOENIFEPRESLICEAIEL, TR Fh +
5°C, +2kg/em? BEOEEH NS 5. R 24—+ 7 v— THTKHER LRERICZR 7 R JIE
IR T 2700, WHAPOREBRAEIAR 24mm, 58 120mm OFHEERIC L@ >2 AN, £
RO I TOHED SF7 v 7ic X Y HE L,

AR L LT REsK (T 105Q-em ) & A — by v—TRiC 4!, BHREARIZLL &
B30 AR TERNE, FRNHEE EOBEEOMMETE o, BBIT6HEIZ D v TiTho 2
0, HAVGADEEE, @B 60~80°C CRABEIAF # £ L TIREF» 6 VW AELA L, 20
HEKERIF 2, 4 kglem? & THGAAZINE LTz,

REEIE, 4 — b2 v— T ORRENR 20kg/cm? 12 FH LTH 6 | BEY s o R EITh
v, PBINEIRD 2 A v F 4] o TR LERBRIFI 0 G510 100 BERIC 72 5 & T2~ 13H T4 -
o EleA— P v—THROFHOHEHA L, MAEE +kglom? KKGAK, 100 BERIATHO YA 7 v
CHRET B LA~ F 7 L— TN TIE380ppm, {HEYFHTH 220ppm OFEH T Y b A RIE S Wiz s,
BHLEZYY hOBFEOCTRHCBRS Lk o7z, B, TOmMAHEH L ¥J 23, #iEES0
%DTHRAETH 5.
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Fig.20.2 Autoclave Test Results
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DT, BEBREA - V- TKEDRUEFER, £ F52 0 410ppm 2EML A b O BT
127ppm O 7 Y E=THRHEN (-7 v - TR0 L X fiEE0 T e = T EABEAD bR
7z), HEBREET RV U ADBFA NaSO; & LT 315ppm 23R40 LT Filigis 244ppm % 8 H L
7o |
EOERMERZGICHT 2 EROENE A5 L, SETOKARKHERORRICHEL, F
NOLETORCRDE L, HZZOZEREY X5 Kn 501k, FECBMFICEEXVGAS,
A= b7 Vv—TERRAESERGATH Y, BRKEDL L TRAEBNZOERDE V-, BE
REFREANME,LP DA — b7 V-T2 ARATSE L 2o R L B Y BLEIRE T A
2T b HFMBIT LI OFELXR 5 L, BHEIIC BELSTRE (KB T4kg/cm? O
FERWGALIE L D) TEAT v VR (STC 524), EX 1 2 & APNOENI M CR 313
AEEOHAERTH DN, WEPFTEHSPLERY, Hicxa ey YA IEORTIR= v 7L
BEHOZCTI0=30% 2 7w = » Y VPR LELES {, MUTF80—20, 90—10% 2 Fw =y &L
DIETH Do EHITHIARD X 5 AMFERMAITOA ~ b7 v— TR EHis, —ERBA
EROOHLABREEFRIOKICE FIVVERRNL, +— 7 v— THOBEE BRI LTH
BLHERE R 3 ERBOEBTLH Y, 2oB03 LA ERTE-T2bD T, £ ES
VB I UDRERYPOHHEB DRI LERLTVELDLELONS, b FT Uy, B
F YUY LAETUE LGSR RBC LRI B THBR, 7T U HRCHA L & X3,
ERIOVMBIY b E LI DI, BRI ES M CHER Lic o b AR G A
ABL, 00—10% a7 0=y A CRERARFBENTD bR, 0-30%2Fa=yy
NVNTRIDESICHBEEARELRAD D LN TERP o7,

20.4.2 2R—IKER, BE—KER—TvE=T, BEKELBIKEORSAVEKTOR

Y R 2': Table 20.20 2L Th B, RBHICITR - EZHROBLEEDF— & &, 70—
0% 2 v =y FVOBGEEREE HET % & Table 20.3 0 X 5 K AKEROBAN BLEE
EIFHICEREL TV 2 Bbh b, BR, KER, TVESTREBIST vE=THEE LK

Table 20.3 Effects of Ammonium Concentration for Corrosion of Cupronickes

in Steam-Air-NHj Systems

i
i

HO-Air H,0-Air-NH; H,0-Air-NH; .  H;0-Air-NH;

2 1 (430mi/min) (860m!/min) l (1, 300m//min)
—mg/cm? . —mg/cm? . —mg/cm?, . —mg/cm? . \
sh . Ratio | Sh Ratio sh ! Ratio sh Ratio '
: 200°C 0.07 1.00 0.08 1.12 0.16 2.29 0.14 2.00
I'70-30 Cu-Ni | 300°C 0.13 1.00 0.28 2.15 0.31 2.39 0.64 4.91 |
} 400°C 0.22 1.00 1.20 5.45 0.73 3.31 1.11 5.05

200°C | 0.09 1.00 0.10 1.11 0.28 3.11 0.21 2.34

| 80-20 cu-Ni | 300°C 0.59 1.00 0.80 1.36 0.89 1.51 1.51 2.56
f 400°C 0.62 1.00 1.79 2.90 2.50 4,03 3.21 5.19
E 200°C 0.15 1.00 0.44 2.93 0.43 2.86 0.50 3.34
;90-10 Cu-Ni| 300°C 0.73 1.00 1.09 1.50 0.99 1.36 2.09 2.85
| 400°C 1.40 1.00 2.18 1.56 3.30 2.35 4,65 3.31
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Table 20.4 Effects of Hydrogen Sulfide Concentration for Corrosion of

Cupronickes in Steam-Air-FHsS Systems

“ A HgO-Air—HgS HzO—Air-HzS ’
| H,0-Alr (7. 5ml/min) (15m!/min)
— 2 ! o — 2 _ 2 7 i
rr;gh/cm Ratio msgh/cm Ratio rnsgh/cm Ratio |
i 1
R .. ‘ . S e
200°C 0.07 1.00 ! 0.48 6.85 0.07 ‘ 1.00
70-30 Cu-Ni 300°C 0.13 1.00 0.94 7.21 0.50 3.85
400°C 0.22 1.00 1.87 8.50 2.09 9.49
200°C 0.09 1.00 0.50 5.52 0.51 5.67 |
80-20 Cu-Ni 300°C 0.39 1.00 1.54 2.61 1.92 3.25 -
400°C 0.62 1.00 6.15 9.92 6. 40 10.35 |
200°C 0.15 1.00 2.26 1.51 1.85 1.23
90-10 Cu-Ni 300°C 0.73 1.00 3.04 4.15 48 6.12
400°C 1.40 1.00 7.25 5.18 63 6.39

BROBRB IV, 204, KRR, FAERCBT 2HLKERE L BRLOMRIELER
Table 20.3, Table 20.4 DT L TH Y, 7 vE=7 D4 430ml/min—1, 300ml/min TiZF;
RICEDEERBBERDOT VE- TREREENPZEDONB L) THEH, —HibKkEOESE
BREEIOLORTVYEZTOHEHRLIVEZLL AoTv 3D, ZOBEMITHLNE. THHD
EPbb»3 Lo, 200~400°C 0T, Fa vy A 3BRHOVTE A - 7 v—7
HEOFBREBFC =y FVEFRDOZVLOEIYTHEMBRIFT, = v /7 VEHEOSLIES
VERNV A ZVTRBERICEBRZHEREEZ R LT 5, BAEKSVBSABE (HK) B s
AHRDOHEL Y, KESKEBEA L SREEORTULIRKESIC L Y BREESN S,
ZORERKELXOBKUC X » THERFERMICER Lic 2 7 -V ERICEREEL, FOEIIHE
EEPBHTILREY, BV RLUBLERIZ D THDLELLN B
20.5 #
Faluz g X AERLE LHESSBEMEIC YW TA— 7 v~ T I 2EARBESEIC & 5
WEERREERL, BEOEAERZOFMENTEDLO TRERBHY 2ETZ & ZEREI Lz, A
RA T OBKEIIITEE T ETITENTLES RS Z L B3 FHEEh, ZhicBT 3HaMlo®EEes b
I RFEMSLO D IANIEL D b 2 BECRINIE LR, FEOMESRE TR URkah:
ERviiv, o THRSMEFEHOMESIZSVWTH, SHARPBRE LEBSRATHE LV L&

A Bo

B
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B21E REIRTPORINICE 557 0 — C Ui
VY T4 T ORBBREFICHIET B
B htd X O AR

FBRMY  H LS MER Sk R TR R

21.1 & =

KIET 4 —ENVBBEORERE L TEFIREMSEREh2 L5k Th b, T4 —EBEYY
YETA T OBERE, BEEREMPCAEIAIESALRRTIBRACE LLBBEhABLvbhATY
Bo TihbbSKERTAMEERY—FX L LT HSO—Ic & 3MAEN, BEOLERSL 5L,
bOIFRERLE LTV Y VIS4 FOEREARL LOBERERZ LT3,

TN L, RV ) v ¥ 74 TR OMEFREOEL LT, B0 BEsic L s BEERRE T
BoTERZLIZEMZVEIES,

FIT, HADRE HFBADYVY U FITLFIZOnT, TP VT R L EREBEIC X 2 XFORE
BEHIABRE WIT LTIV, RERENRBETEOHAMIZ 2 v TRE L,

KT, ZOFERICE T, EBEO VY v ¥ 54 FOBERBERCEST 3 RBERRART B ¢ R
L, SOFERLI>TEEY Y V74 T BB L, V) V¥ T4 FOMPHEEOEBNTE 258
776

2.2 S VESAFOREERCHETIRBHE

REICT 4 — VBBV Y VS S T ET s ERERAL, RBOERSWRARIC L 3 BEEML 0
BIEH A KD 27cwic, BEOMEADORL -7 ) V54 FR8EL, BB VP U7X M efih
5 LERZ, =YY TAMEYY UFIAFPORBLERARRICE D, RBRENHERE LTnRE
FEAABR, TERBEFERAER, PRRIRTIC X 2 BEHERR, RARRETR 7.

21.2.1 #3568
HBICHERA LYY ¥ T4 78 Table 21 Lo T #4,0 T, W§F A HAE 170mm, &
48Smm, HWEISmm DY »F T4 F L LTEIESh, (L3R5 5 X OB SREgEas

LEHEEFENRLTRKD LD TH B,

Table 21.1
Composition Tensile |Bendin '
Pi g
\1;30(:e Material - - oy - Strength StrengthIDefrlgrcrflon Hali_(lllgess
T.C]— si [Mn[ pls|[m | v |kg/mm? | kg/mm?
- : — i
C -1 | Pearlitic Cast Iron 3.3 11.130.5 {0.07 10.05 — 19. 6 37.6 3.75] 165~170
‘ t
C -2 | Pearlitic Cast Iron Alloy 3.04'0 870 /60 07 I0 0850.0680. 18 20.7, 42.8 4.15, 170~176|
C -3 | Meahanite Cast Iron 2. /9,1 5 0. 7:0 32 0.072) — — 20. 9,; 41.5 4.34 174~183
C -4 | Special Cast Iron Alloy 2. 74‘1 460 890 0890.0740.0480.115 26.9; 50.7 5.59 179~187
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Table 21.2

Condition of Plating |
Piece No Type T Cuprent Thickness | Porocity Hardness
i No.
Bath Temp Density mm % Hv(300g)
A/dm?
Cr-1 Pit 50 50 0.28 25 850
Cr-2 Channel 60 60 0.22 25 1000
Table 21.3
: . o
i No.of Wear of Cylinder Liner (/1000 mm) Max. Wear of
. AP ' Piston Ring
; Gylinder Liner | Mean of Max. . % 1
| Wear 1 E Max. Wear *2 (*/1000mm)
! C-1 27.6 28.0 25.0
! Cc-2 12.6 14.9 37.5
y c-3 21.3 23.4 59.0
! C-4 21.0 24.95 62.5
|
! Cr-1 2.01 2.8 30.0
| Cr-2 1.53 2.3 20.9

* 1: Mean Value of Max. Wear Measured for 6 Directions

* 2: Max. Wear Measured for 6 Directions

FRBEOLDIC, 7ebry X BT L bDOLRBRLED, YV iS4+ 2BORBE &
BE—A v FEETELNR TV B, A v XM Table 21. 202 { Th b,

21.2.2 =P UF R}

TV R MER LLRBABETI4 M I T2 ER U 2ERO L DT, VY v
K& 170mm, {372 280mm Th %o AERR OEEFA I EEE 530rpm,  HiJy 32PS (BRHAI0K
Ys), VU v FRHKEOREAL3°C T, FEH LcBHHZEEE RW. No. 1 50°C, 110~140S, %%
BHFES6.7~7.4%, S532.8~3 %BEDOEHSOBEREMTH B, E72HBMHIX SAE 30F oz
fEA Lico

HERT S RO A IR, 100K 0 EEER & 5 FIfT v, 100/ Licy Y v ¥ 7450
FEFER R 5T L7z,

SOOI DRRERIC L 2%V Y V& 54 FOFEFIX Table 2.3 D 2L Thoizo

BRERR L EEROBERKREFig 21 LITRT, Fig. 21.1 Tk 5 RO EAEHEE 21Tk - 7225,
BHI0 10 KHOBEREFIR TV OO 5 IHEROPBEZI TWBHILERLTVAHOT, £V
VETA T OMBEREEET 50, RO 100 FEOBRREHRN L TEXLARELLEDR
B

% Z THRA)D 1008 B 0 BERE R & RSt L 72 400BFRY T o BEFE B % 10008524 » mEEFERICIE L, Tt
BEREOIEMZ KD TRA L Table 21.4 D& { oz,

ERBOEBENABER L OB ZOEOFHBIC L 5 TfiFEd 2L L+ 50
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REMARK :
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—_—t—C=-3

T
: ——c-4 ~ 9 THIS FIGURE SHOWS MAXIMUM AKD MIY/MUM
§ ————e g VALUES W FIVE TESTS VALUES OMITTING
& vetm—(p-2 / = ABNORMAL
B 2 8
N =
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Saw / / g
= 7
8 // = A
5 S
¥ =6 \\
§ %
% =
b~ =)
3 / / % $ 9 \s \o
=
~
2 / / ' 4 | a 3 Mo
> / e 1
=7 / / \&i___-——‘—
3 X e
(<3
21 / < . .
L]
S et | 4
¢ 706 2 200 0 0 0 / — 3 2
= WORKING HOUR (4) — FRICTION SPEED ¥ ("Ysec')
Fig.21.1 Relation between Maximum Amount Fig.21.2 Results of Wear Test in Dry Condition
of Wear and Woking Hour
Table 21.4
No. of . [
Cylinder Liner Rate of Max. Wear Order |
' ‘ |
c-1 56.3 . 4 i
c-2 , 24.25 1 !
Cc-3 43.5 3
c-4 38.7 2 ;
Cr-1 3.75 2
] Cr-2 2.25 149

21.2.3  REREMRER

21.2.3.1 @IREEFEIAER

FANTMONTE Lie IR BEFEABR Y LT, 50 R oo FERESRBRYE & 01 L7- AR R PE e sk B
BT X o TREBRETT S o 7o & ORBHIT BT, BROETC X » CHREHDRE > T 5
W, WEEESEBEERCHAL T T3E9 - TBY, KEAEHESRBLLENB L)1
BoTwd, RBREAWE, FESEEYS2, BEERER (ORRRK ) 200mm & Tk -7,
BREETIRY 150X LOMHR Y LR SA T 5, RBHAED 1 BlL LTHE 17kg 0
BAORKRE Fig. 21 210R¥ . BEEEE | m/s M BV TREAERZETOT, WBIEE
LIcHRCHEgT 5L, C-2, C-3, C4, C-lOMFEAVT LI L7 2 FORBEREL HEME {—%
T L LI 4. 3kg OEHEOHB TR C-2 M b, ML A & ZLhEREE RLT
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BY, TV UFRIMOBRLEEETIHREL-> TV 3,

IOZLREEEHOLVFK I Y MEREOFENAEL L -TLE D bY T, ERACHR
OB EIL 50, BBREROEGOERARECIL L LVBEABRBAELEEA K
Ve

21.2.3.2 [YHPEERERER

FREERRE LT, BB Thbh T3 BT 5 U o 2REABRH o NE I /NEBRF
B LOT 5HHE, Wb AR ERRBRIC X 5, SAE30FoMIH BEME 4L
RBBITR olze BRERAIZY v REERF AN ES0mm T/NRERF O BMETEIE 1 om?® TH B, B
B B D DR A B3I U, WESOkg/om?, EEBGEEE 1 m/s & L, MPMIEE0C &
Lico BRBUIFREER 3 X10° RIER TR v, BREREP DRYID 5 X10° BHLOYIE B 5 7% 5]
&, BEEFERBCBI2BMERZ L > TAHhT2Z & & Liz, Table 215z 3 [EEER% 177

o TSRO P FERR & T ke 2L
COHBTR, BREROWSOX No.of ' Rate of Mean Wear Order
BRIV /NS EE LEXE K Material mg/10°rev.
2, MBI >V TRZ VYT X c-1 | 2.52 2
FOFERLESE B TR E R - c-2 2.24 |
720 Cc-3 3.88 4
21.2.3.3 iyl X 5B C-4 3.26 3
X
21. 2. 3. 2§28 <7z b Al UEERE iR BRI /
kY, T smEEhez U7 8 »
A b ORI B LIBY LT 18 & b —
HLUTRE R T ofce TV PV VTR c" /
Mo LIcRBEIE 1T v €% B y C§//////////
FUIETHD, BEE LTESOBE § s ///////»
ME A LD T, MR LD 3 //// g
B M LT %0 fEoTT Tm ,

OFRE LI EEmEERICY ) V5T
A FEEW D 5 WERIGECEEE RS
5> TwbeEIDBh, ThEBLr
P oBRAREZ TR, BESER
e LThnis Y BRI VIRRE TRERE
DS EBTFREND, BREHIT

21.2.3. 2084 L& CART, BHAL — oo, o sy ¢ x10

TG BEmMo R EYE RED 2.7 Fig.21.3 Result of Wear fest by Stained Lubricating Oil

N
W

D NI, R TRERRL 219, 11 (1952)
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Table 21.6 Table 21.7

e o Reaie o . | ; .
~ No. of Rate of Mean Wear No. of Rate of Corrosion 4
| Material mg/10rev Order Material g/h . Order !
| C-1 12.9 4 C-1 0.0147 1 !
C-2 7.8 1 Cc-2 0.0254 3
Cc-3 10. 4 3 c-3 0.0389 4
c-4 10.1 2 C-4 0.0246 2 i
1
\

* Mean Value of 4 Repetitions of 10 hr. Test

Yo, EEMG2. 5%, FUGIESSEEMTH o7, MABERD | §l%& Fig. 21. 31z, F/c 3174 -7k
kiR g, 21.2.3. 2 1B <7 b FRA FHCEBE Lo iR & Table 21. 6 (27R T
Table 21.6 |27% L7c S 58T, THEREMOMEIE LTR VP r T2 bOFEREE —FH LT

Bo bodlHC-3LC-4LTYMELE LTREMLICCH BERIEREEZR L, RBEE0W

LOEREXDLEELENTD LRV, LA L2123 2B LBl L 31841 b

NRTEREITI 3~ 5SSl =Y rF 2 FoRBREVEAERCS T LR, bATRESE

BIOECERREABOA TS L0 L Bbh, ERENZZRE LTENCFELEZ bR S,

21.2.3.4 B EREB
Y UFSAFICRETHEAERTEE LT HSO k30 Ebh a0 T, BLBMA Be

HEL LT, WIELS°C 0 2 %HB/KBRICRIT 22T olce SBRF O~ #£13300mm X 20

mmx5mm Ch b, FOMEIFHICK L Table 2L ITRT X5, =Ty P F R M CELEN

HRER L C-1 Mg By 2R Ui,

BED D CERBEEC L > TRES>THERETRTIELE LRSS, o> TR

Lbhlad ol

21.2.4 % $

HENRAREL, S L RBE AT P U TF R T o Vv Y v F ST T ERLIE LD T
HDID, FORZERLRS Y, +OCLCEEOREICYVTITRS T B TE Lo d, RER
HREEPRFTZE, 2P TRAMOFBREEARA L T50REBNEREEONEABETH
Bo THOTEREBEOVY VFITAFIZBTHRENEL, ENSRLEL, BrxaNMTEYNEs
LYY vE0ERICBCTERENRDE L, TORFTOMRBERECESFEONRL LD L
PEEADB LI BDbR S,

ZORMPSL, KB LERLBS BRI 2RBEESITHIHRTOMBPNTET S L) B
FREBROBEN, RERENR VY V54 THEOFEREORBRE LTLRETHY, Zhitk)
pas THEERFEAL LB L Bbhvs,

2.3 DY VHSATHHORRERRER
BIEEITh oo v U7 R+ EZHOERENARYL O HBRAOKR, EROV ) #5414 F
DERIIKRERRTIEHOBMBERMIC L 2BAL P ERFONELEBR LT, BHELREFREDOHT
A LBV E RO »Tc, ZZ CHIEEILITR - LEBTIb = IV F 2 FOKRE—
B BYEi e X 5 BERRBOFER SO RBESE, Chit@LABERZEEL, Thitk
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STHREDOVY v T4 FHEEREL, BERRMEERT2HE60Y) v ¥ 74 T OMEYEDH
AR KD 2,
21.3.1 HEBFH B
21.3. 1.1 FEREER X URREN
EA L RO EEOBBSIC X W FIicS8VE L b 0T, ABROFEESIW KT
Eoh TRy, REFEEA L0 4 HOBBRPRAKCTEVWE L5 oTv 5, EOEHEE
ROBYTH B,
B ) v ORBRA ONE & BT B R/NERBRF R
VB © BEMIEEE  0.55~5.0m/s
BEEIGE 1 ~100kg/cm?
JERIERE 1 om® (HEEHME)
FEERE 4, B B E O T AR BT R
MRk L 3R, MA®D ST 7 74 PRV TR VA, BERHF 73
HB X ORISR L HD, MEHEAC I > THEBHOMBRERIART 5L 510> T05, KT
PRI IRA S R S BREERY SO HEB T 50 2 Clenic, BitEBEOM, Krr0BFRE
K&EL L, HICHEMOKEIEAA R AEERTERS $E— 2RO FIRHCHE L ‘
RBLHIAEEOEROSA L R, BEEKE 1 m/s, BRFEkg/cm® & L, MEMTRR
AF 2 —EVEECERL, REBESDICIVHERLILbOESN—-2F A0 LTHEHL, Zhic
0.5% (BH) O 5 %P IV0%HMAKERA LICbDOEEHEM Lice N—R2A4A Vo HRIGERER
F4Y2.5~2.7%, LEMH2.4~2.6 Th »Tz0
21.3.1.2 #EHE
FHEE LT VY VE T A RN, EASREY, 4488 (TV BIVT-V-PR), I— 7
A REEEE, R—TFTRIRARAYFRBIVEMLT VI= o n () THBH, BIE7TAVI=D 6k
HEAMB I UOHAERE L XD TRIFTH - 72dd, HHYIC 8 ~12%DKERERKE2/cd, KAk

Table 21.8
No. of Composition Tensile Thickness
. , Hardness of
Test Material Strength HB Casting
Piece t.c| si | an | p l s \ Ti | V| kg/mm? -
2 | \ o
G-1 Gray C.1I 3.3 1.13, 0.5 0.07 0. OSi ———‘ — 20.1' 175; 20
G-2 Gray C.1 3.3 115 0. 541 0.07 o. 05% —i — 19.2 165{ 40
A-1 Alloy C.1 3.04 0.87 o. 76; 0.07, 0.08 0.068 0.18 20.7 170 40
| !
| i ‘ H .
A-2 Alloy C. X 2.85 1. 35‘ 0. SSi 0. 31 0. O4t 0. 053l 0.2 27. 3‘ 201" 25
{ 1 i 1 !
A-3 Alloy C. 1 2.90 1.35 O 94‘1 0.28 0.04 0.051‘ 0.19 22.4 185 50
\ : : ‘
M-1 Meahanite C.1 2. 79l 1.5 0. 75‘ 0.32 0. 07, —‘ — 20. 9‘ 180‘ 40
. : \ I
_ .1 Pit Type, Bath Temp. 50°C, Cur. Density 50A/dm?, Thickness 0. 28mm,
C-1 | Chrome plating | 11, qness 850 Hv(300g)
B . Channel Type, Bath Temp. 60°C, Cur. Density 60A/dm?, Thickness 0.22mm,
C-2 | Chrome plating | 15, qness 1000 Hv(300g)
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21.3.2 HEBERE 2O

Fig. 21. 412 R— 24 A 2420. 5% (BRD 0 5 %HEEKER & 50 Ui BFho 854, Tig 21512
N=RFAANMZ0.5% (FED D220%GRBKEI &I Lic B Z 68 L ABRER 2R,

CFR G BAIDOKSOTEEA £ CHELVBERER LT 50T, Zhb 2 B0 SOFEED )&
FERZ IR U O TR & Table 219D T L {72 %,

Table 2L.9ZBIG R L HIC, 7rb 2 v ¥R LT CRCRBEERELRL, &v© Ti-V-P
HEEE, Ti-VREBHL K -THY, FEEMCEY TREMEBO BEALOMN &0+ Chi g
ERLTw S, Ti-V-P Rdp 5 ik Ti-V RS CIREBHO 2T #4 b2 T VEBEE GxT w5k
5TH 5o

CTTCHMTNEI LR, MU TCRRMBEBERELR L7 an 2y 2R, BEEREZO LD
BwWidh &b, RIMUBRBOBESTI DL, BYEHAIC SR TRBICERESRIMLTW3
TLTHBD ABFOERELETHMES CHE LR, o run 2y SBEOBAEOR

maR L, 7w h-HSO-Fe 0ESULHNEANRELE L, HSELOHA LV EADOENAL
| %,"
e e /
s
100 e ;/:.: - — / > -
I R Sl S N
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X i 7 EN

—~ NUMBER OF REVOLUTION
Fig.21.4 Result of Test : Base Qil+0.5%

(5 %H:S0y)
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Table 21.9

[ \gi’eil [htc of Wear mg/l()“ rev. - |
‘ A(5 % HiSO4 added) | B(20% H2S04 added) :

G-1 14.4 | 18.4 1.28 |
{oG-2 19.8 ! 29.8 | 1.5

A-l 10.0 12.8 1.28

A-2 7.4 9.2 1.24

A-3 9.6 12.6 1.31

M-1 11.8 16.2 1.37

C-1 3.6 7.4 2.06

C-2 2.6 6.2 2.38

BolebDBbhd, o TI/rAAvX ey ) US54 FCERATHEAICE, IV IViERs
BEEDICHADOHILICEET 558N D 5,
7m LRy XORBFOEREOME T, BEOFENR LA, Table 21.6 12735 L2 Bifis
ERIMUBACESOMBRE BT 5L, BREROEIMIEIRE 1k, EBOVY v FT 4 Fic
BT, BEBRERED DEEREIC U 2 b hie B, EREEN 2~ 3SR oDt BbRTE
bHTHhEV, 20z &ti%&%tkﬁﬁﬁ&@fﬁﬁugﬂsiUﬁ&mﬁﬂ@fﬁﬂm%éa%bnéo
L L, BIEERTR otz v VU7 2 FOBRENR LT, SEFTE - HERED 385 &
HS, BARNCIZEBOEFRREL X< —HT 507, HEAMERERREL LToBEI+9e b
5LEEIDNS,
21.4 #
2HEEIC Do T, WEOEERINEZERT5 T + —EVBBED 2 ) L5 5 4 > O EAEEICHG
T HHRBREBHNEERTEOR N2 b I Z0EAS LERBTHEI X5/ Y Y V¥ 5 4 FiE oS
Tl ofce ABRPBIRIC LI 21 DR REBLIZLIITEAL RN, TV vF R bERL
FEMAEZR T T 2 RBRENABHENE LN, 48E bIWHEOSHITH 21 —ISTTHO B %
RENIEZEL B
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