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Summary

1. Studies on Improvement for Performance of Paints

1.1 Bioassay on Anti-fouling Chemicals

Effective anti-fouling coatings appear to act by poisoning the larvae of various fouling
organisms at the time of attachment or before they can attach permancntly and grow. Some
chemical ingredients in the coatings must be, therefore, poisonous to the larvac of attaching
stage, and, on the other hand, these chemicals must be gradually dissolved from the surface.
If the toxic effect depends partly upon the lethal action of poisonous components and partly
upon their leaching rate from paint surfaces, the usual raft test indicates only the mixcd
results of these two independent phenomena, Better results of raft test may indicate cither
the effectiveness of toxicant itself or the sufficient leaching out of the ingredients. If the
toxicant is fully strong, it may result sufficient anti-fouling effect even when the leaching
rate is somewhat lower than the ordinary case, and on the other hand, if the lecaching rate is
sufficiently high the insufficient chemical ingredient may show a satisfactory effect against
fouling larvae.

For the evaluation of anti-fouling coatings and for the future progress of paint compositions,
the following questions must be answered by the biological investigations. Are the toxicants
really toxic to fouling larvae? What concentrations are lethal? How do they act?

The present report is the results of some years study on lethal action of various organic
and inorganic toxicants obtained by the ordinary bio-assay method. A year passed away to
get the effective mass culture method of five specics of fouling organisms. A common acorn
barnacle Balanus amphitrite communis was successfully cultured and cyprid larvae were
obtained in some quantity, and a numbers of matured veliger larvae of a wide-sprcad mussel
Mytilus edulis were also reared up after artificial fertization.

The only but important difficulty is the long period of culture ranging from 15 to 30 days,
and the fact really prevented the wide and common use of these larvac. Larvae of two bushy
bryozoans Bugula neritina and Bugula californica are casily obtained from matured colony
in a dish, but the very short swimming period made the test difficult. A tube-worm
Hydroides yesoensis could not be cffectively used for the test both by its small number of
larvae and by unstable hatch. Above-mentioned result of culture appears to indicate the
difficulty and unsuitableness of direct use of attaching larvae of fouling organisms for our
bio-assay experiments. If the usc of last stage larvae is difficult in lethal test, the mecaning
of the use of fouling organisms may not be so much important, Larvac and adult stages of
three planctonic crustaceans were used in place of larva of above-mentioned fouling organisms,
i.e; young nauplius stage of Artemia salina, adult of Tigriopus japonicus and fresh-water
Daphnia. pulex. Lethal action of 50 and 100 ppm solution of various inorganic chemicals to
these three species and Balanus amphitrite hawaiensis can be seen in Table 1.1.4 (p. 16,
17) arranged at four time intervals, The results arc indicated in the lethal curves in Figs.
LLI1C1I)~(2) & 1.1.2(1)~(7) (p.15, 16 & 18~24)

After several preliminary comparative investigations, the authors selected Arlemia salina as

the most suitable materials for the present bio-assay tests, for its dried cggs can easily be
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obtained at the tropical-fish shop and nauplius larvac of the same stage and of the same
physiological condition are very easy to get. Over 190 kinds of organic toxicants, mainly
agricultural insectides or fungicides, were thoroughly investigated in ordinary bio-assay method
in using Ariemia salina as materials. Three or four days larvae were added to 100 cc. of
scawater solution of various toxicants prepared in concentrations of 1, 5, 10, 25, 50, 100 ppm,

The number of dead and inactive individuals were counted after 1, 3, 6, 20 hours exposure
and percentage of death was calculated by use of a coefficient (p. 12). The results are
indicated in Table 1,1.5 (p. 25~31) and Figs. 1.1.3(1)~(33) (p. 32~64)

The obtained results of lethal effect of different toxicants were proved somewhat useful
practically, for the relative efficiency of these test indicated the parallel tendency a raft-tests
of paints containing the same ingredients.

1.2 Studies on Leaching Rate of Antifouling Paints
1.2.1 Cu leaching rate on coating factors

The effects of coating factors which composed of ship’s bottom paints — the kind of shop
primer the film thicknesses of anti-corrosive paint and antifouling paint — on leaching rate
have been studied.

The experiment proved that the values of leaching rate on steady state is proportional to
the film thickness of antifouling paint. But another factors — the kind of shop primers, the
film thicknesses of anti-corrosive paint — there had no effect on leaching rate.

1.2.2 Cu leaching rate on some sea arcas

In this study, we selected eight kind of ship’s bottom painting systems on the market.
The test pieces were coated with those paints and soaked in Kobe, Aioi and Sakaide, Japan,
We have been testing for more than two years.

On steady state, the values of leaching rate are proportional to the film thickness of anti-
fouling paint but its absolute values are varied with soaked sea areas. The order of leaching
rate on each areas is as follow.

Aioi > Sakaide > Kobe
1.2.3 Leaching rate on sailing' ship

In comparison with raft (static state), rotor (spherical moved statc) and ship bottom trials

(Shosei Maru and Denmark Maru), the order of residual content of Cu:O on antifouling
paints is as follow,

Ly ship : about 10% (after 24 months)
Lg raft : about 50% (after 24 months)
Ly rotor : about 10% (after 24 weeks)

The estimated leaching rate on sailing ship which calculated the next equation is 30~40
rg/cm?/day and by the result of rotor test, we conclude that the velocities (2~20 knot) of
ship is not affected to the leaching rate,

/= _,(L‘_ELRS) D,\'
L R DI'

where L’z : Cu leaching rate on sailing ship [pg/cm?/day]
Gr ¢ Initial Cu:O weight of antifouling paint film [xg/cm?)
L gy : Cu leaching rate on anchorage [yg/cm?/day)

Ds : Anchorage time in days [day/year]
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Dy : Sailing time in days [day/vyear)
1.3 Study on Development for Antifouling Paint
1.3.1 High performance antifouling paints

On this test, we selected twenty four kind of high performance antifouling paints on the
market, The test picces were coated with those paints and soaked in Tateyama, Kobe and
Tamano sca area in Japan. We have been testing for more than two years,

By the results of observation, we founds that panel No. A-2, D-2 are showed excellent
performance and panel No. F-3, G-3, H-1 are fouled with marine grows, regardless of the
sea areas, and other pancls are showed differencial performance with soaked sea areas.
1.3.2 Soak test of the new paints

The new anti-corrosive paints including many kinds of poison were made as a trial and
were tested their performance by socaking them into two different kinds of sea water for a
long time,

Their performance was compared one another. Then, we got a few paints which had very
good performance against corrosion and fouling.

1.3.3 Applied test to the ship

The applied test was carried out by painting the 52,000 dw ton ore carrier with seven
different kinds of paint which had showed good results at the soak test.

Although the examination of painting was done in the dock in one vear after the painting,
there were no living thing and no seaweed on the two kinds of paint and these showed good
results.

1.4 Effects of Cathodic Protection on the Performance of Paint Film

The test pieces painted with many kinds of paint were kept between — 1000 mV and
—1050mV, and effects of cathodic protection on the performance of paint [ilm were tested.

As the results of this test, it was found that the paints such as a vinyl paint, a chrolide
rubber paint and an epoxy paint were little affected by cathodic protection, but if the film of
paint was damaged, its vicinity was apt to become off.

1.5 Effects of Cathodic Protections on the Stability of Paint Films

We investigated cffects of cathodic protection methods galvanic and impressed current
methods on the stability of various paint films such as vinyl, chlorinated rubber, urethane,
epoxy, and tarepoxy paint and following results were obtained,

(1) On the case of the Zn sacrificed anode (about-1000mV applied)

(a) Clean film without any defects of vinyl. chlorinated rubber, epoxy and tarepoxy
paint are stable for 12 months immersion under sea water, but oilv paint and uretanc
paint film (150 ;. thickness) are unstable.

(b) Vinyl paint film with closs cut defects is swelled at only this limited regin. Qily
paint film and chldrinated rubber paint film are swelled out to' the inner side from
this portions. Epoxy and tarepoxy paint film arc stable.

(2) On the case of the Mg sacrificed anode (about-1500mV applied)

(a) Oily and vinyl paint film are easily peeled out after 2 weeks immersion and chlori-
nated rubber paint film is swelled at various points.

(b) Tarepoxy paint film (a home product) and urethane paint film are stable for 12
months.




(3) On the case of the impressed current method (about —2000~ —4000 mV applied)
Tarepoxy paint film (a home product) with 500 and 300/ thickness is good stable,
and epoxy paint film with 500 thickness is better than 300 /¢ thickness,
On the contrary, the imported tarepoxy and cpoxy paint films are easily swelled at
same condition, This seems to be caused by the difference of epoxy contents,
1.6 Paint Film at Welding Parts

Problem of paint film defect frequently arises at the welding part of ship or land construction.

The authors conducted the experiments in order to find the best painting system, and the
following results are gained, '

(1) Results of painting system applied without any treatment upon rusted surface are worse
always than those applied somewhat surface preparation.

(2) The best painting system for welding part is considered such that after cleaning of rust
dust, etc. by disc sander or wire brush, surface is touched up by organic zinc rich
paint, and then applied the normal painting,

1.7 Effect of Paint Components on the Weldability of a High Tension Steel

Effects of weldability and pigment in shop primer on the weldability of a high tension steel
were investigated, '

In the case that vehicle was used by itself, phenoxy resin was relatively favorable on the
weldability compared to other commonly used vehicles, such as, poly butyral, epoxy poly
amido, epoxy isocyanate, and urcthan,

While in the case that both vehicle and pigment were used together, the pigment made of
flax and deoxidizer, these were used as coating of a welding rod was favorable compared to
other commonly used pigment,

It is considered that the pigment controls the occurance of buffle in molten steel,

2. Research on the Cathodic Protection

2.1 Consideration on the Reasonable Size and Form,

Semi theoretical numerical calculation is conducted under several probable assumed conditions
in order to treat the problem quantitatively, Calculated data is summarized in graphs, which
tells the following conclusion,

(1) Al-anode is preferable in almost cases,

(2) Common type can be applied for ship hulls and propellers,v

(3) Anodes may be installed as 3~7 groups, one in stern, others evenly distributed on both
sides, and each group as a long line along strcam line,

(1) In the casc of this arrangement current output per unit length of anode is practically
constant (ca. 1, 2 amp/m). and sectional arca may be decided according to required
life, and this arrangement can be achieved by putting standard anodes side by side,
to required length,

We recommend two standards, ie 150 x 30 x 800 and 150 x 50 x 800,
(5) By adjusting the number of anodes for each group and corresponding protective area,

we can apply this system for various quality coatings.
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(6) Anodes arrangement in stern portion, may be preferably altered to stream line system
evenly devided to both side,
2.2 Impulsive Current
2.2.1 1st year cxperiment
Performance of scveral reference electrodes, in spoiled water, under different water velocity,
effect of different O: content or different temp. etc, and performance of several insoluble
anodes are investigated as a preliminary research,
2.2.2 2nd year experiment
These results and newly designed automatic control system is applied to a ship (S No, 1650
at MHI Nagasaki shipyard) anchored in wet dock some 3 month and necessary data are
recorded, in order to confirm the reliability and performance of the system.,
2.2.3 3rd year experiment
The system is applied to a sea going ore carrier (Yasukawa Maru, D W, T 52, 258) for
one year, And it will be continucd to the next year, and at present the cxperiment is going
properly, and resulis of midway report can be abridged as follows,
(1) All parts of the system and instruments (including rectifiers, S.C, R systems, anodes,
reference electrode cte,) have maintained initial good performance satisfactorily,
(2) Protective current is mainly consumcd at stern parts and it secems a little short for bow
parts, .
(3) Pecling of paints in the environ of anodes (with in some 30cm from anodeholders edge)

was observed, but these area was heavily electro-coated and no corrosion was observed.
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DT e, W mE RO ERNAN L ST kT, &
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1.6 RERBROKER

BUDIEDONRfcZ L, TOERD ML, HWHL
DHEERRIET B ELH>TOTHD, FOHFERIH
FORPBIL ST 7L o THEINCAMD T ENTE
Do UL, 982320, EEfoRER L v %
N ~DOEHORY R LTI FRBIIEEHRCH B,
b, EWRROERD, ThEBRHELCSADOER
—HL TR LDTTOERIBERZLDTHS S,
L, BROHOBRIIGHOHEMDO MR L - TH
FREINBDL TR, HYLEATRBOE i
TRDDOVWHPBEEL 7 AR L > TEAIR AEHEN
MHATL B, FOEKRT, v 2 LR, FOHY
DEDBE R W B AR O B S h e B AL, 0
BiTSREIERER L —FT 525, LV 6
Lb—F Ligwz ek b,

ZOXSRHRBWT, TTCRATRADMORS T
bhic TRERRB] OFBLENTREZ L3TEH
BOLOTHAY, Wi, BMITRLIOSHEMIEE L
THR IR AEBNEY RS L, KEMTHLVLOT
HBH, i, oo TR mPL2 B L)
DLHb, thEFEIRIDVESKETCOBERRL Y
OAHGWHTERD X 5127t B,

#r1 %k : F-500=No. 1

HAF-101~105=No. 7~11
IST. 1~3=No. 22~24
2 % : F-500=No. 1
HAF-201~203=No, 2~4
# 3 ¥k : HAF-301~305=No. 11~15
IST-11~15=No. 30~34

M 43R : TBP~38~41=T 12~15

551K : TBP-42~45=T 14~17

R E DFME BT 5,

(1) F-500 381, #2RERHRINLR, WTh
b, BE, 7OYARETERbh b, ThbbR
DEYTEIL e L2 ANEYRBROERY RS &
HIEREL, LELEESce®t s, BHixs
DEMEN 1ppm BECHD L Ebh 5,

(2) HAF-101~105 138 1 kBRI B T3~
TREARTH B, ThrERicisuTRS
LD T 25ppm TIRAELKED TH - T
IS FTBERELR S, :

(3 IST-1~3 W1 KREHTHA L TR TH 5,
CHIEDRRTIBHTHE TH D L H %
Had, MINED 1ppm RETHAS LELBR

%0

(4) HAF-201~203 =313 2REBETT A Xh
Tohy, Zhat F-500 235 7 B camB#H IR
HLT, BEE7OVEOFENEL TH B &
EhTwab, chidEPYRBTcRs5L, F-5001c
ATk h@miso L WEHENGER L BN, &<
CARRE TIENR SRR, BH IR BHE N
5ppm LIETHBDTHAS, *iL, 37HH
DE AR RSB L, F-500¢0 &1, HAF-201~203
TrhZh, 2k2, 3k4, 4r22rk-TE
b, F5ppm OFEMKEE —FTHZ LIXEH
Vo '

(5) HAF-301~305 IBRERRAD 11~15 Y43
FOFWHEIT0E0, 00, 5&5, 55, 5&
5L, MHM301 & 30253H%), 303~305
REGEL>T D, ChiedtYRBER CR 3
& 25ppm LUIFTed ohé—8KL, 205
R—Ce s TharLEETHE, BHENELL
BA, OV SHRIE EYRROIBT & —K+
HDTHbH,

(6) IST-11~15 (25 3 KBFFD30~3410 ¥ % A%,
TOFEXRBE, 4, 1, 3, 3D A, 5 0 0
1,30 0, 0 0, 0)(5,5, 5 5 &ibh,
IST-12~14 33454, IST-11i3, €<, IST-15
R EHTHL, ThEERRico> TR %
L, Hodie 12~13 3HEEP2 X<, 11 chic
KRE, ISIIRIETH D, chixefFE: LTLELS
2, B sppm UTRBWTHEETHS, Thb
b, CoThiA—Yre s, Thbb, RA—EHE
ERGET B L, EYRROBRIBERRLELL—
5,

(7) TBP-38~41 2 4REHD 12~151 4 b,
FTOFEE O, 3, 0, 3 (2, 4, 3, 4 (2, 3,
0, 3) (0, 4 1, 9 k-7, TBP-38 »RfF,
TBP-39 pURE, flizeReRIFE 5 BBTDH b,
ChEeEHRRTHES L, 38, ABRFT, 40zh
TRE, 3IXBRETH B, Tiebb, TOBELE
—Ee A, [—EHEERSEEX, £YRBRO
R E, B L BEARESR L —5%T 5,

(8) TBP-42~45 1455 K& © 14~17 T H 5,
T 0T EN e L, 17 Thbb,
TBP-45 A\ fliC RiF, 1673743 TBP-44 23
BT /il L3 AT 5, ChitEhRBRTR
5&, TBP-45 2BLHEHES X<, MdiTchic K
¥, A28 hicox, 4TRBECiEMEV. T
b, 2 THAEMRRERD T X < BETRR
DT & —FKTHDTH 5B,




—Ji, HEEaAERSAOW b e Bibal 7
A i T EETT 0 RS A R LT e o WMo &
ERBR 2 77 o7y, T ORI eMAF0~5%DL D
1T, T.B. T. o resinate, acctate, oxide 5~20%
D0 & LT pentachlorophenate, laurate, chloride,
fluoride #{51c, ZIURAESRBENIR L T4l —3 L
e otedy, RIEOL O CTIET A —F LT\ Ay

PO xRDEW BT &L, Biof s —n
Rl B BB AR D SERI i~ Lis vy, [l—
— W DFHOBECL, OB EOIEF IR LA EE
MR K LTV 5,

DT kiR, — RS TGIEIT R A ER RN
WLTE D Tikie, ZOWE & ir Bbto REU: 27
DOBIITRELTWAEWS Wb LD LEL L
5o Hicdst, ARMEEREC X AR As B
VIR AR AR Y R LT, mE—AY D
S CET A AW ORI L v IATE, 2
FUC L »C, §5K4% ORI & 5777 SR HIF LT, KR
BEROMEIBCEHB LY DL D EFH 2 LD TE B,

1.7 RBREROKE, B, #HUEBRh
AR

% L oEFPHE A TEREEYC AT AR ORT
WRITC T AW OREY —EE T DY - T,
BRI E R L TRV,

FY, KPR, (B OB%e [Tl &
M) bo-ghchld, o REL AL LT
Tl EThbe 2O &k, WMELRHOF
FIATIR > O D THBHERE] J7ebn TR
A~D— OO E LTRIE IR, hick->7T, F
FHELFADTHREC T ik v, AR HHME
I OBGET AT ELTRETH D, Fih, #HELTT
Thld O A b Ly 52 &4 AfEL AT
HHHe T, FRHEEND LD TARIEOEG &
LCERLInd o1, ARFBEoFHuLOD
e oIS O RAT oMY 52 b A THEER
TH Bo

EEUEME LTT 54 v va ) VI RERT AL
COREULLD, CHISENOEMTINT 2 =y s RAT L
THEYT, SHBIOFEOENCATIETH D & Bbh
Bo FEEL 7 v AFOGEDOIEIC K E R TIN b
i, FRARYLTL, Thixfy#sEnss=v 2L
MO REOEFE &, HEORMN &AL CHTh A
IRERATAI LIRFRETH D, L A
DIFEM O IBD TS, FFOhERBTL, Ok
DEBRTEERMIL O —H TH » T, BN r
WCHERIIC BB 5 & LA R Th Do MRRHEICHE

AUET T A v 2 U v ORI, WL
DL D E—FL LIS, DML T, Hed bl
HEYOTE Z LR LR T bl o, F
izl & LTI R T WFEEOICERT S EATRT
HHOHRTH L, BRDOD TUWADEFS> ZENTEL
LTJO

WKL Ebe, T4 vy a) vy TOGEOAT
—CH—ECT AL EIC R, BEHEREOS LT -4
fe o Lk, EBEE L LUIBEMLILTIWTH
75 AL ETikin < kb, WO ISR
e+ e T{HLOTHAZ L, ZoRBITE W,
TSEFFE &b D& LT vy,

WE—DDAKRFTIEDHALT, KD ER A 24
R B Ui 48 BRI 31 BLHHGES S bl
WORfE—D% b > TR LD L, KHRE a4
FARE R A L > Tl Lt st b, 2D XD
FeEBEBII LAY U h D THLY, ThiCk
S TEHELDHE, T ZXEDEE A0 24 7Wflixl
LORBBENEIF LORESREREIhAL, i
FEMEDEEE EAE ST e DA, TR L R
O EURM OB RESEES, EWRBRRE
W, L LI BKENRRETHAE v o T X
MAHH, TOXIEWMFEBCH LT, TRILELLE
B BRI T ¥ & U, EHRRE ORISR 5 S
DPRD B D FTTH -1oh, SO b T
DY HFERYBLETREZEXTELCCDLDEF
X5,

T, AT Bid, REHO AT ERD 4
—AOFHC L > THL T LIBWLMC STy
T ETHDH, FHhb - CEL LAY, TOX 5K
FEFRICTTILAEY, HORBILYHWXIT
5, 4~ NAHEA TS O REL, £ Ok
Kok W15 e LT, A0 SRbrft i P 23 6 5
e, UBOFHBYIREA~OEBENO BT AT T TH
Do T &V, MNCHEBIAEERBES OB Bk
W, ZOLAKOCEL AT U SEHEIEO
FIRE 2 Freh, BRUTTRIERR S L DTV, 2O
i A = A flOREXRELICGHDTH Do

KGR, $EROPHNITE & R —B L Y L
T, T LA A~OPSE &3 BTl ) B, LR
DY R A B, ERRIRNEL S W & ]
Go T D W OEE L TAEMFRRLEOFTE L
L

1) 4EEEY O EWRBC L BRI IR LT, R

B sbEi~d » TIT < 2 ko
2) BETHO 7 A R LT, SREI BRI
T by




3 O & X ALK LT, i AT
MCHBIEHET D L,

4)  REMH D R & o X 5 Tk Tk
MR E N BB ocT5 2 &,

5) WD MRAES R T E &,

6) HEHEYOELRD NPTk ERTTTA T &,

Z DL I EBENI B D@ A i RE— 4t & LTt

TR RD X5 iR A D F £ L,

1) HARCBIFAH GO 2y A V2D, *
DI EFREREA W ST AT &,

2) HEMARZBOBIEIE X T, %< oiEEHIRE
VABALODDHHOER L, FOFERLET
W+ro &,

3 VEHEMEN O RSB T &,
4) A2 TVNATA ADNELLTOREYH LT
LT, ¥DAF A 2 BRI E Y fen

MDA E,
5)  FRECTSHRIRIL & M%) & DR D BIfR A 15 & i
V;-Z.) & o

F2E MFZHOFLEREROWRE
2.1 WEZZERERAFE Cu OFHEE

(W) peRtimk
| ARTERIC R R R 2 R

® 121 f# R B B
T . HRCF R . » .
Bt ‘\\,_«\\\\ [T B w A s 7l
15288 T =Y SN A S|
B = /Lr;"(‘:
2 BBk AL ER vy ==L b v REH
1588 TN ET A ittt E SRR
it R
2 Zak LR Yy — b it R

(2) 3R
MBI OTRER 1. 2. 1 it R0 Lk
DAL, WRPERGETLLEORDTHEATH D,

o

A
\ D
#INRS
|
A
/700
720
[ 1.2.1 HBRoREIK

RHROTEE > — T 5, R 12 LICHET 8 R,
X121 D4m (GO w4505, 288Eow
ek, > — &Ry 7o 200 em? GHImD Ch 5,
(3)  PEREH

MR RREIRAT 2 > 2 v 7+

TIA (T

B LT S/P nes) B, 13@k (BITHE L
TA/CEs) B, 258k (UTHE®LTA/F
) BB HEL, 12285 T L5 K=
B TERAYHMm L, S/P k2 (BIEH
4= W/P, vz e)yFex
KoM Ss5 4= Z/E), A/C BID A/F ol
MFE 3KEES U, Baimia 3 1. 2. 3w w4, B
s iz« Pl «, W/P O#&0.8+0.1¢%
w, ZIE 5052010, =1 A/COSEA
140.2 34/ 1E%E =1 A/F OB 12402
sov/ 1L, it A/C O4A1.220.23 4/ 1108
wH, Mtk A/F 0% 1.2£0.2 s 4/ 1 RIBETH

Vo oy Ve

%o

# 12,2 ik
I
s/P S/P1=W/P, S/P2=Z/E
A/C A/C1, AjC2, AJC3
A | AJFL. AF2. AFS3




#1.2.3 W 4 #

AJCO BRI A/F oBUERL
B %R ‘

A/CI}A/CZ‘A/CB A/F1 A/FZ‘A/FS
E=aB | 2 ‘ 4 l 6 1 9 { 3
mER| 1] s [ s |1 |23

(4) R OFHINE ,
EERHTIC L SSA1H Hiws, Vv F e T A XD
I AT — B XD D RS Rk Ui, ¥
HoOEFT, FHHECT17+£3 2 77y, Hmax32+
43 m v Thb,
G B
FEAFZOBEMNREZ 1L 2. 41w,

Fl24 B B MR

w0 # A O
S/P — A/C 60
A/C — A/C 1
A/C — A/F 7
A/F — A/F 1
AF — KB 2

HLIlOT, v 7Y v s w T 530000, T
Lhicrss Lic,
YTV DR RL 2 5EET,

#1125 Hv Ty v g

" H % #:
WK E 25+0.2°C
#EK pH 8.0
ZE AR 500 ce/min
T v I 2 I 5D
AR 21
A/F FRIN TR WK 1/10

(6) WEKIATRALE

FTEDBELR T Ui, X122 wR3K
M EE L, 22 B L& h 0 Cu o
AT L,

3979+
/FeL
i 007 J \
— ) xAE
1 C
N
9|
KPR

X 1.2.2 #fpKIABRLIE

(1) Cu O¥EFHEEDUE

A/F BN SR ER-T5 Cu mellET2
fodh, BL23WHRTHETY VY FY v/ &k
foo 7ok, BN, BMEBBICIIA S 1 200

X 1.2.3 vv7) v 7ok

CHap v Y vy Uik Cu B JIS K 01011
e R, BOEREEIC XD ST Lice B O JIGE
i3, Ny 2z vy DK-2 A TG0 (K. 2. 48|
DI LY BV, R 440mpy iRk A WEE 2 T
Lo, 7s3, CuoghEgs (2.1 AV CHEL
oo

Cu g # g =Cu R (pg/cc) x

i g ik (em? ) x 24
A/F FINERELem® ) x # v 7Y v ZIE (Hr)

=Cu I{,g/cmZ/day ........................... (2. 1)

WLz



(8) Cu DOy TR #01.2.6(b) WPEASICEREER Cu GINHE
% 1.2.6 (@) LOUDIC, BARKERI2H B, 249 1, R = womom
[ =]
361 Atk Cu GHEE ¥ T+, coRREShTH S/P | AJC| AJF |
B Cu IRIE O, EWED 3 5 LTHh b, © L2n B3| 2dn il | 3677
DEEE, RERCHE Ui SRR 0 gk FHHE 1 240 0.00| 0.00
DT L, R o iR BiE LiclF— A/F 1 ‘j;“ 1200 0.00 0.00
BRBH O Cu N EE T % L8 1/3/ET
By (BB 20HBMOC L), £OF FOMTE, 8 12.00 | 840 1.20
BEHRIRT O Cu BB T 5 B8 b - 1 4.80 | 1.20 0.00
b, MR L ERA R RTSER— BN CTlou 1 2 9 1440 | 12.00 450
EEL DB THD,
3 14.40 | 15.60 | 14.40
1 48| 1.20] 0.00
3 2 15.60 | 12.00 | 6.00
R1.2.6@) &= REEER Cu wHIEL 3 | 1560 | 14.40| 1540
B % M m )
S/P | A/C | A/F T 1 2401 0.00| 0.00
12273 | 247 7 | 3671 ]1 1 2 14.40| 0.00| 0.00
1 3.60| 0.00] 0.00 3 15.60 | 840 1.20
1 2 16.80 | 0.00| 0.00 1 a0l 120! 000
3 1200 9.60| 1.20 9 2 2 560 | 1180 | 600
1 8.40| 3.60} 0.00 3 14.40 | 15.60 | 15.60
1 2 2 16.80 | 12.00 ] 8.40 1 150! sl o
3 15.60 | 15.60 | 14.40 3 9 1560l 15001 600
1 8.40| 3.60) 0.84 3 15.60 | 15.60 | 14.40
3 2 19.20 | 16.80 | 9.60
3 19.20 | 15.60 | 16.80
(0 FROMIT
! 3.60) 000, 0.0 2 1.2.6 @3 LO0) &, ZEMEHIC X ) A
1 2 16. 80 0.02 0.00 Lco ¥DO#EXE1.2.7(@), b), © (£=1REE
3 15. 60 8. 46 3.60 R, #1.2.8(), (), (¢ (ﬁﬁ%ﬁﬁ'&%) =
T
L | 360} 360 00 FOfFERNG, CunBHEEICH LT, # K
z 2 2 | 1560| 16.80 | 8.40 A/F BROBKEEE S L, BE2 12 A0
3 15.60 | 15.60 | 15.60 H, F5RIE=AREREROLH 87. 66% L
. BEREROBS 94.32% kb, O TtozRL
1 520 8.40| 0.9 e BRI
iz k&<, Cu OEHEEZXL A/F EEOREE
3 2 16. 80 15. 60 8. 40 RTEERRTHED E VL Do
3 19.20 | 15.60 | 16.80 FUC, @i Al kicies &, A/C B

BoBREEBOFEE B b Uy, FOFHFHLE
= AR EEROB R3], 99~41. 27%, MitkMEERE
FDBE 27.69~32.74% Wit - T b,

7ok, WEKBE 6 ARG, Cu OEHEEN
TEEC, (gl OB RIREL, LI



Mo, AT YFRBREV) M2 itk h, B
BEHERRT & Cu yH U o R 1 6 o 72 BOF A #
THIENTERNSI,

Fho, WRICESAE LT, A/CBIERSILLA/C-
A/F oxsii, A/C 35 X0 AJF BB H, 3%

A HDORFEORESIED L 21, —Ee Cu i@
HUE AT H R
— @I TeEs & LT,

# 1.2.7(a) €= A MEEBESRIZ A AR

I35 bt
A/C B R THIE,
CupElids i A/F RO S bl 5 & vx b

Factor SS f ms I P (%)
S/P 3.56 1 3.56 1.31
A/C 32.76 2 16. 3% 3. 12%% 5.7
A/F 497.73 2 248. 87 518. 48** 87.66
S/PxA/C 9.83 2 4.92 10. 25* 0.87
S/PxA/F 11. 42 2 5.71 11. 89* 1.01
A/CxA/F 11.93 4 2.98 | 6. 20
S/PxA/CxA/F 1.90 4 0. 43 ; —
569. 14
F 1.2.70) €= A MIEBER2AN A ST S H#E
Factor sS f ms F P (%)
S/P 2. 87 1 2. 89 0. 28
A/C 322. 48 2 161. 24 15. 82* 41.27
A/F 326. 60 2 163. 30 16. 02* 41. 81
S/PxA/C 3.34 2 1.67 0.16
S/PxA/F 3.38 2 1. 69 0.17
A/CxA/F 61.12 4 15.31 1.50
S/PxA/CxA/F 40.99 4 10.19 —
760. 60
# 1.2.7(¢) = A MERERI6H H i biE
Factor SS f ms F P (%)
s/P 0.35 1 0.35 1.59
A/C 231. 64 2 115. 82 526. 45%* 31.99
A/F 369. 64 2 184. 82 840. 09** 51. 09
S/PxA/C 1.04 2 0.52 2.36
S/PxA/F 2.05 2 1.03 4.68
A/CxA/F 116. 96 4 29. 24 132. 90** 16. 12
S/PxA/CxA/F 0. 89 4 0.22 —
722.57




(10

(a)

#:1.2.8(3)

P A I 2

{,

sy

Cu FHN I ORI AL
B = ks JO A C R R P Cuti i

OFEISEA LA R 1. 2. 57T,

= ARG E

b

RO G INERRITIRL AR O &

EA

— R Cu SRR E oy

Factor SS f ms F P (%)
S/P 2.27 1 27 1.37
A/C 14. 74 2 .37 14.17* 2.81
AJF 463.70 2 231. 85 145, 87** 94. 32
S/PxA/C 3.75 2 1. 88 3.62
S/Px A/F 2.79 2 1. 40 2.69
A/CxA/F 1.31 4 0.33 0. 63
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490. 63
% 1.2.8(0b) i RRICENR24 P B oMMk
Factor SS { ms F P (%
S/P 6.97 1 6.97 4, 44
A/C 234. 06 2 117. 03 74. 54** 32,74
A/F 366. 74 2 183.37 116. 80** 51. 58
.S/PxA/C 14. 69 2 7.36 4.69
S/Px A/F 3.21 2 1.61 1.03
A/CXA/F 72.35 4 18. 08 11. 5o+ 9.78
S/PxA/CxA/F 6.29 4 1.57 —
704. 31
# 1.2.8(c) WHEEAMRIKEBESRI6 ik
Factor SS { ms F P (%)
S/P 0.28 1 0.28 0. 90
A/C 177.07 2 86. 04 207, 55+* 27.69
A/F 322. 20 2 161. 10 519, 68** 51. 89
S/PxA/C 0.68 2 0.34 1. 09
S/Px A/F 0. 09 2 0.05 0.16
A/Cx A/F 123.94 4 30. 99 99, 97** 19.93
S/PxA/CxA/F 1.24 4 0.31 —
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# 1.2.12() Cu OFEUGEIEMERISE (MR (pg/cm?/day)
1Rk | 2w
= 0 1 2 3 5 7 9 12 15 19 22 24

s \%&mgﬁ
T o 21?7'12.0 39.6 33.67712.0 2.4 2.4 12 7.2 27.74 4.8 60
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0
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g | e 1 ‘173.0 15.6| 12.00 8.4 8.4 2.4 3.6 1.2 1.2 60 48 3.6

g—nE) | # - 2 161.00 8.4 7.2 8.4 7.2 2.4 7.2 48 1.2 9.6 2.4 4.8
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#1.2.120) Cu OFHMEPET S HAEBR) (1g/cm?/day)

I%Zﬁ*ﬂ‘ PEEh 0 12 | s | s | 719 1215|192/«
b M [ | B )
‘ 1 19.20 2400 9.6| 20.4 126 120 8.4 144 6.0 9.6 9.6 202
(mﬁfféﬁ: Mtk | o 2.4 20.4 13.2 19.2 uj 14.4 8.4*?’2} 6.8 15.6 208 19.2
3 6.8 324 13.2 19.2 16.2 108 13.2 144 132 10.8 144 24.0
l 1 319 228 120 204 228 - — | - -
#%é‘;m Rt | 2 31.2) 30.00 16,8 27.6 28.8 10.8 8.4 114 19.2 30.0 21,6 13.2
3 36.00 38.4 20,4 32.4 18.0 13.2 13.2 12.0 25.2 19.9 16.8 13.2
1 33.6) 34.8 16.8 27.6| 23.4 144 12.0 16,8 156 21.6 132 288
“E‘W*j;ﬁ%#éf%h%ﬁ 2 36.0 38,4 22.8 30.0 24.3 204 204 204 288 32.7 2.2 2.0
3 0.8 40.8 22.8 36.0 40.5 204 216 27.6 144 228 154 30.0
B 1 62.3{ 42,00 21.6 32.4] 20.7 19.2] 15.6 20,4 14 4(28 |15 (15. 6
E’"('.i’)bw E=a@ | 2 50.3 49.2] 18.0 32.4] 26.1 15.6 i?_s 216 13.2 24.4 15_6‘ 13.2
3 43.2) 46.8] 18.0, 25.2] 27.0 18.0, 14.4 24.0 13.2| 12.00 20.4 9.6
» 1 86.5] 44.4] 20.4] 26.4 243 13.2] 10.8 10.8 14.4/(38. Dl22.8)|(16.8)
E;M’;(D) E=a10 ] 2 60.0 32.4] 18.0 24.0{ 21.6 13.2] 14.4 18.0 16.8 252 21.6 22.8
3 74.5 36.0 15.6 30.0| 21.6 13.2 22.8 16.8 13.2] 31.4] 19.4 16.¢
1 50.3 32.4) 19.2| 26.4] 23.4 9.6 122 156 19.2 396 13.2 8.4
1*;;7 g=n 2 55.2) 48.0) 19.2| 27.6| 30.6| 16.8 18.0 28.8| 14.4 26,4 10.8 20.4
3 55.2 43.2 16.8 32.4 261 21.6 15.6 22.8 252 36.0 13.2 15.6
s 1 60.00 43.20 27.6 30.00 20.7| 16.8 13.2 22.8 12.0 18.0 10.8 180
Fon®) | €= 2 69.5 32.4 20.4 30.0| 26.1 16.8 20.4| 22.8 16.8 30.0 20.4 19.2
© 3 60.0, 40.7| 16.8 30.0| 35.1 16.8] 19.2 21.6| 16.8 39.6| 13.2 13.2
gy 1 43.2) 22.8 13.2 15.6| 19.8 8.4 8.4 12.0 180/(20.3)((15.6)(10.8)
#—rE) ljf; 2 72.00 14.4 7.2 9.6 135 48 84 156 252 18.0 156 60
© 3 79.20 16.8] 9.6/ 9.6| 126 3.6/ 9.6 15.6 18.0 13.2] 14.4/ 12.0
& 3t 1192,6] 826.7) 409. 2| 614. 4] 548. 1) 326.4| 325. 2| 421. 4] 390. 0| 476. 1| 325. 6| 345. 8
P # | 4s.8 345 17.0 25.6) 22.8 13.6 13.6 1.5 16.3 23.7 16.5 17.3




sk 1.2.12(c) Cu OB IER s ORI #R) (rig/cm?/day)

Lkt | 2
I AR e o L 1| 2| 3 | s | 7|9 | 12|15 19| 2|2
(HESIm#O = I D I
4 8.9 20.4) 42,0 21.6] 13.2] 3.6 2.4 2.4 “T‘“gé S
”m(q;% ML EE | 2 Cagal 216 26.4 200 18.0 7.2 36 3.6 - — - -
5 | 26.4 25.20 204 24.00 13.2 4.8 3.6 2.4 2 B
1 36.00 9.6| 16.8 21.6 36.0 18.0 14.4 12.0 4% | — — —
@;wg;mg spmis | 2 | 8.4 22.8 27.6 0.0 27.6 10.8 84 @&, — — — —
3 | 40.8 34.8 348 37.2 204 108 7.2 60 @HK| —~ -~ —
1 36.0 3.2 22.8 40.8 15.0 84 3.6 24 .6 1.2 120
%%gﬁ?‘g’%%hﬁ? 2 10,8 384 324 420 27.6 10.8 84 7.2 156 12 60 |
3 | 45.6| 30.6| 30.0 36.0 30.0 18.0 120, 120 26.4 1.2 10.8
1 62.5 34.8| 20.4| 28.8] 18.0 13.2| 8.4 7.2 —| 2.4 120 B
t:@’;w K= 2 57.7 40.8 30.0 36.0 20.4 9.6 10.8 10.8 Lol I T
3 50.4 45.6 62.4] 37.2) 21.6 9.6 9.6 84 # ]  —| — —
1 745 48.0| 18.0 26.4 16.8| 9.6 6.0 4.8 ~ - - -
t:(z:)b(D) = o | 889 444 16.8 33.6 25.2 7.2 7.2 7.2 — 4 -
3 90,0l 39.6 27.9 27.6| 20.4] 120 8.4 7.2 3.6 10.8 13.2
1 6.0l 30.6| 32.4 288 19.2] 10.8 4.8 480207 2)(12.0)
1*{;‘" B 2 57.6| 37.2| 46.8 38.4 22.8] 9.6 8.4 7.2 16.8 84 9.6
3 | 60.6 42.0 3.2 312 24.0 10.8 12.0 8.4 16.8 20.4) 19.2
. 1 o1.2| s2.8| 45.6 39.6 216 4.8 7.2 24 60 — —
@) | e 2 81.5 54.0, 38.4 44.4 27.6 14.4 9.6 7.2 9.6 6.0 13.2
® 3 76.7 30.6| 43.2 36.0| 30.0 10.8 12.0, 10.8 20.4| 14.4 19.2
. 1 9.9 4z.0 30.0 204 7.2 7.9 2.4 zdazz] - - -
5 () ;ii/ 2 2.4 108 13.2 108 9.6 48 36 — 132 7.2 9.6
v 3 3.2 108 132 13.2 7.2 96 48 60 60 24 84
& it 1244. 7| 825. 4| 722. 4] 729. 6{ 493. 2\ 236. 4 178. 8} 142.8 134.4 75.6| 133.2
¥ # | 52.0 343 301 30.9 2.0 109 7.5 6.2 1.3 6.3 111
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Al Zn DFEI AT st Al OBH 277 L
D olc,
o rserr s,y
SERCHIEDS S o s Tk,
F R

2ol E

Celb e A R > e e
DML E e 2ty BRIz & A EFEDHD
itk ot

4.4 HROBE

EEY R EmBoNFECOGCTIIWEETL 2, 3D

f)’d/) SX) L?Q‘L C’RZ’”M}LJ:{; j’alv‘i % T'__L@%

IE@frH'!’chi— & L Caltt Rk & v = A R E oM fERY
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