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Research on the Cathodic Protection of

Large Marine Use Axial Flow Circulating Pumps.

Abstracts

Chapter 1. Introduction

We encountered recently many corrosion troubles in large marine use axial flow circu-
lating pumps (material-ordinary naval bronze-both impellers and casings too) as enlisted
in table 1 (page 4).

After many efforts to overcome them, we reached the conclusion that the phenomenon
will be an electro-chemical one, and the cathodic protection may be the only possible way
allowed for us to overcome them.

Thus we began this investigation—in laboratory, on bench test pumps, and on actual
pumps in service—and we get successful result by the cathodic protection applied to ac-
tual pumps witnessed through some 12 monthes in service.

Chapter 2. Case history of the corrosion troubles.

The case history of each corrosion trouble (in one case an impeller tip of 180 mm leng-
th was corroded till it became some 120 mm length during only 4 monthes, and in ano-
ther case the tip clearance of 1 mm was increased to 3~4 mm with in 4 monthes) was
explained in detail, and the preventive efforts tried other than the cathodic protection—
such as change of material composition, change of impeller blade numbers from 3.to 4,
application of stream guide in inlet side to make the flow smoother, checking of leakage
air and flow unbalance which may cause cavitation erosion—were described in detail.

Unfortunately all these efforts failed in vain.

Chapter 3. Laboratory research.

The laboratory research was performed in the Governmental Industrial Testing Insti-
tute mainly by H. Shigeno, with the installation described as skeleton diagram in page 5.

In which we observed the effect of sea water velocity on the electrical potential, rate
of corrosion, and protective current density for metal alloys as shown in table. (page 6)

These data are very valuable, but are not sufficient enough to explain the severe cor-
rosion of our case, and we are still investigating it further.

Chapter 4. Research of pumps on bench test.

We measured the potential difference between moving parts and stationary parts of
actual pumps on test bench, as shown in table (page 16), and found the possible tendency
of electro-chemical corrosion of moving parts.

We applied temporarily cathodic protection using magnetite anode (10 mm dia. & 50
mm length) on a test pump, having 300 mm bore (nearly half the size of actual pumps
in question), and measured the potential variation on several points, to find the range
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and evenness of current distribution, changing the conductivity of working fluid as shown
in tables and figures. (page 7~15)

Chapter 5. Preventive device applied to the actual pumps.

We began the application of cathodic protection on an actual main circulating pump

in service in parallel with other researches as follows, and got a satisfactory result.

Name of the ship: Terukuni-Maru

Owner of the ship: Terukuni-Kaiun Co.

Gross tonnage: 11,825 tons

Main engine: 8,500 S.H.P. Steam turbine .

Main circulating pump: Turbine driven axial flow pump of 600 mm bore, 900 r. p. m.,
3500 m®/hr. discharge capacity, 8 m discharge head as shown in fig. 1 (page 17)
Anode for protection: Magnetite anode of 30 mm ¢ and 200 mm length, fitted to the

brind flange of the pump as shown in fig. 2 (it looks as in fig. 3 after 1 year use)
(page 17)
Protective current: D. C. Current generated by a motor-generator of some 5 volts
and 2~5 amperes (that meéns current density 0.3~0.8 amp/m?).
Test piece: 2 test pieces (one protected, one with no current for control) are
attached to the peep hole brind cover as shown in fig 2, 3.
Duration of test: From 1954 April to 1955 March.
Test result:
1) No corrosion was observed on moving parts nor stationary parts, and calcareous
coating was distinctly observed on the surface near the anode.
2) Weight loss of test pieces measured to 0.8 gm and 35.0 gm each, and the pro-
tective power of the cathodic protection was 97.7 9.

We applied the similar method on a cooling water pump of a diesel engined ship, which
suffered from corrosion severely, as follows with satisfactory result.

Name of the ship: Showa-Maru

Owner of the ship: Nitto-Shosen Co.

Gross tonnage: 6,628 tons

Main engine: 4500 B. H.P. Diesel engine

Cooling water pump: motor driven vertical single stage centri-fugal type of 220
m®/hr. discharge capacity, 25 m discharge head, 1750 r.p.m.

Anode for protection: Magnetite anode (size 20 mm dia 150 mm length) inserted in
the inlet water pocket through the pump wall.

Protective current: A. C. current of the ship main line dropped to a moderate
voltage by a transformer, and rectified to D. C. by a selenium rectifier, current
density 1 ampere (which means some 0.3 amp/m?®).

Test result: After 1 year service the pump was carefully inspected and no corrosion
was detected. Surface near the anode was covered with calcareous coating slightly.
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Chapter 6. Conclusion

The laboratory research and the test pump investigation on bench were not performed
until the ideal results were catched, but the cathodic protection applied on actual ship
pumps in service succeeded to perform the complete prevention of corrosion practically.

We reglet that the real cause of the severe corrosion we encountered was still in ob-
scure, but we can say that the preventive device will be achieved by the cathodic protec-
tion using magnetite anode and direct current of some 0.3 amp/m?® density, without dis-
turbing the performance of pumps.

This method is not much complicated, and can be maintaned easily by crews, and costs
not so much (some 300~500 $ per ship as initial cost, and negligible small cost for main-
tenance).
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No. 2

10. 30 |

15. 00 |




BOEE SRR OB M A NaCl 5kg A

- = * 5 i }ﬁ%;k L; K gﬂ 59_21: nil V/ )cm)
M E % E OE|  a b cl & d
) ok I#'k & 420 440 20 | 400 420

.10 B 430 390 430 390 420
30 40 | 450 400 450 410
50 20 | 420 400 20 420
55 | m B oM O - | - . N
5 | 0.1 | 2.0 440 510 430 420 400
15 450 520 430 400 410
5 | 0.2 2.5 N
2% 0.2 480 | 590 | 450 430 440
35 490 610 450 | 430 | 450
35 0.3 3.0 | ) -
45 0.3 550 | 740 500 480 490
55 540 | 730 | 500 | 480 490
55 0.4 3.5 S
5 0.4 630 %00 | 590 600 530
15 680 830 590 600 530
15 0.5 4.0 -
25 0.5 700 960 620 640 530
35 720 980 620 630 | 530
35 0.6 4.5 T
% 0 780 1,020 640 660 570
55 770 1,080 | 60 | 660 | 50
55 0.7 5.0
5| T 780 1,100 | 700 | 680 600
s 80 | 1,100 | eso | 700 | 600
15 0.8 55 | . S
% 830 1,150 | - 700 | 700 600
85 830 1,160 700 w0 | 60
35 0.9 6.0 T _;-#—
45 - 830 1,120 i_ 680 | 700 ]47(5 -
55 | 820 } 1,100 ! 630 630 . 600




W om % W i m ﬁ@k g %f‘ if Eiz,:rfv/; ™
e mlm ®l®m E| a S T R
T e | es T S
4. 5 1 830 1,160 o | a0 | s
15 a0 | 1,120 680 | 00 | 580
15 1.1 "ol R R N I o
25 900 1,180 750 140 | 610
35 80 | 1,170 680 | 730 620
@ ® kL
15. 10 -
20 B 600 00 | 500 500 440
o5 | 600 600 20 | 480
No. 4 £ m T m A NaCl 5 kg A
' ifi X 89.2 Q/cm -
om0 ; {;i ﬁﬁ;;g\ J:E%?giégx E_mmv{) )
w m|E W|m E| e | b | a e | d N
10. 45 ; 450 760 600 | 530 440
T ) kR B e e |
55 30 750 | 600 i 500 440
.15 | B #E 400 750 600 ] 500 440
_____ a0 0 | 620 ! 190 | 430
0 | momoB o o
o 0 2.0 e
R - _ 460 g0 . 630 | 520 420
50 h a0 | 810 640 | 500 420
50 0.2 2.5 l - —w‘iA
2.0 | 500 g0 650 ';“ Tss0 | 420
w0 | _ B ' 520 840 ‘ 650 : 550 450
10 03 | 3.0 | | |
20 | 580 | 850 Ai 660 | 550 | 480
T 0 o 570 870 660 ‘ 550 | 480
30 0.4 8.5 ’[ | S
40 | L 1,020 0 560 a0
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5 Bk W 8 % (89.2 0/cm)

| & B B A (-mm?)

% oMoE % B E, o« | b & o | & | a
a2 s |1 om0 | 80 50 850 | 480
50 | 05 4.0 h R
13. 00 850 960 620 660 480

10 830 980 650 650 80
10 | 06 4.5 | B
20 T 900 980 | 720 660 580
30 920 960 720 650 580
30 0.7 5.0 a o
0 960 1,150 780 770 580
50 960 1,150 80 | 7m0 580
50 | 0.8 5.5
60 980 1,160 800 850 580
14. 10 1,000 1,180 820 | 850 580
10 0.9 6.0
20 1,020 1,200 820 880 | 580
30 1,020 1,200 830 870 580
50 H OB W ik
15. 00 830 900 560 500 500
10 660 | 610 560 500 500
No. 5 R SR OB M o NaCl 20 kg %A
s B % om G 78 7k K 45 5 (86.7 /om) -
% ¥ & i (—mmV)
WM |E B E a S B d
10. 00 4at 5ﬁl_a E 430 440 400 420 370
10 m g 420 440 w00 | 420 380
20 0.1 2.0 |
30 450 520 80 | 450 390
T 40 1.0 0 | 5% 80 | 450 | 400
40 0.2 0.5 |
50 500 | 600 ©0 | 490 410




Rk B 4 4 (86.7 Q/cm)
& # B fz (-mmV)

Mm% E E b o P E:
0.6 '* s 620 480 500 430
a0 | 03 | so0 | m"—k? T

10 ‘ om0 | 70 | 520 | 540 450
20 I . 50 | 720 530 560 | 460
20 04 3.5 B i o
30 B0 800 620 600 530

40 om0 800 620 620 530
w0 05 40 -

0 N 00 850 560 650 540

e 690 80 | 560 650 | 540
13010 | 0.6 | 4.5 S V o
20 %0 | 920 | 700 720 600
30 | hé_" 780 940 | 700 740 580

30 | 07 | 50

40 ) 800 1,000 | 710 80 | 600

50 800 1,000 720 790 600

50 0.8 5.5 a

60 830 1,050 60 800 | 620

14. 10 840 1,050 760 800 620

10 0.9 6.0 S

20 | 880 1,120 800 850 640

30 830 1,150 | 800 | 860 640

0 @ om o ok 590 | 80 550 I R

50 1 om0 | 600 520 540 440

60 | T 570 50 520 420
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No. 6 b OB om NaCl 20 kg #A
LA E ® R )
B M| B OB B O E a b ¢ Cs d
9. 50 | % - % 340 550 400 530 300
60 320 560 400 520 300
10.00 | ® 4 s 330 550 390 540 300
10 330 540 380 540 300
20 B OB OB I
20 0.1 2.0 |
20 350 580 400 580 330
40 360 580 400 - 570 340
40 0.2 2.5 v
50 380 620 430 620 380
60 380 640 440 600 380
11 00 0.3 3.0
10 400 710 480 680 400
20 410 720 490 680 410
20 0.4 3.5
30 500 800 520 730 460
40 480 | 790 520 730 460
4 | 05 4.0 B
50 500 900 600 780 460
60 500 820 620 760 460
13,10 | 0.6 4.5
20 520 920 700 790 470
30 530 940 710 790 480
30 0.7 5.0
40 Y 980 730 790 490
0 580 990 740 790 490
14. 00 0.8 5.5 610 | 1.150 760 820 520
10 610 1,180 760 820 520
2 | |
20 0.9 | 6.0 1 630 | 1,150 800 830 | 520
30 : 650 | 1,150 810 840 } 530




68 A ok ke B (—)

ROV R & % B £ (-omV)
BORM B W E OE| o b a o d
14. 40 |
Clmom o i e
60 )
15. 00 600 900 600 730 | 500
10 520 670 600 610 500
¢ d

Potencial (-mmV)

No.1 kB2 4 & f& 8
(CuS0, half cell)
(Q-em of fluid = 570)

LAl

[

300

)

N

N
~

300 mm HEE K v > OFFALEYE & B ALEIE

Protective current and potencial measurement

of 300 mm ¢ axial flow circulating pump.

{e fit ey, ¢ 028 (HAF®) (247 TEHRIL A

Position

Potencial (-mmV)

— 14 —

No.2 MR E W A
(HgCl, half cell)
(Q-cm of fluid = 570)

/300
/200N
/1007
/00

Position



Potencial (-mmV)

Potencial (-mmV)

- 1200

No. 3 i K& ¢ & 1 4 H
(CuSO, half cell)
(Q-em of fluid = 92.2)

/300

Position

No. 5 oft Bk $R & & 8 H
(CuSO0, half cell)
(Q-cm of fluid = 86.7)

/30ﬁ
1200

Position

No. 4 i (b 48 B 1% i M
(HgCl, half cell)
(Q—cm of fluid = 89.2)

/300
:
T
=
(3]
5
3
Ay
Position
No. 6 i fb # & # (/ 8
(HgCl; half cell)
(Q-cm of fluid = —-)
/300~
1200
1100 57
1000
E 700
El N
=
&
&
(=)
o~

Position

X: ® # & (No current—running—)
Y : # ik %k i& (No current—stop—)
Z: it gk B (after test)



75 35498 D BRI S R BR & S0 L e IR E L & MBI O 52 B SO BIWEIEER K K v 7 7 DD fe b 4>
REFR L TRINBIEICH 3 TICHE LzgBi, S, B0 BailE DR T iciid,
PRI FIZK O HeARHIE 40 @ /em 4T 07,

Turbine
Wi 8 v 2"z R O B 2 i
o] e e o .
e NEGLEE, | O #w(VD 5 %

A 0.120 ~0.112 900 rpm ~— 700 rpm, H = 8~-6 m o%if = rpm, H
Hi B " v RBEER IRE—E R T

C 0.001 ~~ 0.0004 B2 CEBAEES 0 &% PR3
B D

E }0.000 ¥hA EEFERIC I
L F

A 0.015 ~ 0.0103% | 0.03 Q PIADEHLCERL L 72354 O

A 0.104 ~ 0.102 900 rpm 2000 rpm DR HIEE
H 1 B v » BRI L 7o h32e5e Ui $RE 2
” C

D } 0.000 iR T
% E

A 0.000 TR 0 & e b [@iFe

A 0.007 17.05 GRENEL) ) )

900 : Hyr B REEN
5 A 0.013 17.15 Lerm FefR] & I BT A D
T
A 0.03 ~0.04 17.20
=+ 0.005 (2D B 5 LTl

. A | 0.04 ~0.05 17.40 - REOERERL TS
" C 0.003 ~ 0.004 Afo X 5 etz &n

D 0.000
H, E } )

A 0.025 800 rpm = L 72 BEEMIEH D7

001 =2-015 = 35 o 75

P
g
i
Se
BN
e
Eend

/v, TR Bgﬁilﬁ?‘—}:} &

WoW R M E B

1. MEDLICEER L 2B sk

% H B @
1 BRICRT & 5Ky 7 FHORMIATEE 2RI LT, RAMRER G528 2RiE L
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BRIBYERSFT - F5 D SERNV R EMD & EVBERER £ X O/, MEBBATIRKER 7, r~v v 7 RU
BT » —F v 7 5 2 2R THEDR,

Fota b CGERAROM) omMa 8tz ML AR GREL 7> FREE 1 ) EE0Beh%h
WL D—B & Uiz,

~

=K 7T

 WEMERE (LS AR
FIX KX v 7B

¥
o

2 X BREHUCEN T - IR LS A R R
G fiff 3D

%3 [ BRESLC T 2 R LR O R ER
(1 o R4 )
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PHed B ikIC & DBEAE/LATE
20 24 AT H BRI, BEEHFTRARETHK Y 7y~ F RS LT, TEICH
KEWL, PFEEIEERNEEE 20 2%OBAEINE L,
oM W X HAEHE 25°C 24 qQem
B B B 55V  3.2A
mooE A BRRRERERR CIE L2z, JWEAE & e FRICHRT @ Do
C ) NEEER () SMEEERIOME 7
430 _y5p -440 490
480 (-700) (540)-650)(-680) i

(-600)-450 ~440 -420 420 %
(-6/0)(-720)

RN
-370 -350 -456 -460
(~400X-400X-/210) (~440)

AsE @%ﬁmﬁ%&@ﬁ%miorﬁk?é;&&§ﬁ¢&%uﬁC@M%@%ﬁbaﬁ%z%n
BT ENDBEREZHD S, " L
FERMIAMEERD BRI, BNREBEZELC bhAE D OBMBAEE 2 Tws DT, B
14T b F57 £EP O MFSHTE 5 TH 3,
B E B B8
AIRCIER NS & & L cBBEZ MG L, SEhERE i, AMEE bk T 3 hkg &0,
7 R TR Fo s BEZE A SR C i L & 2400 M e o7,
10 B3k M$A@®%,ﬁE%%m&xﬁb%ﬁ%%ﬁ%%ﬂbfﬁ%%mWLhﬁ,%@1)%
AMOEHRERICHFEZ EC 202 20 o vIBIC LEOH, 3 AR A AEDEPidE 2 L i,
TOMERDFIC IO, ﬁ%?ﬁ%Mﬁﬁﬁbntoﬁ%i@ﬁ%mU%f%@%%%#¥m3
Amp, FAk 5Amp, £/ 2Amp TH 3,
ﬁmﬁﬁﬁ@ﬁﬁ
Eﬁmﬁ@%@ﬂ®%3<ﬂfbﬁ,%E%%ém%b,ﬁzWﬁK@,E@®%(MM%ﬁﬂW
DESEF 2K~ 7 2o v A ERMEO A+ 0 8 EH2 BILE) 2 TE TN,
RAOHATHE, cOX>RRECREINHTRS LD ETHO,
mWHfSDLA?I/Kﬁﬁ@M@WM6M$,¥mk%(&<%5¢ﬂkloﬁm)mmﬁﬂ
FEEH 2 Bivs, BRHFOEMICE 1~1.5 3 ) DIFE OIS T & T\ CAIS = O IC 5B
BUIERASMA L Tn B T 2R LT W3, BRI E ikicE 2 3 70 d RO A EEIE —
TR L Tz, T EEZET 2 8 TH 3,
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REBRH o HKE

SHBIEERERD b DB O ZHY, REBED ORISR LR MER LI 5cRa
BLHABRAT CAERM 2 IREIA D DR T D/ & A2—HEMIEDE B ASABRCE O TR b, il
FHEEZIL WE DB R L, TOEELAED 0.85gm & 35.5gm C 1dm? 4 b OBpLRIE 0.63
gm Rur 27.9 gm, [EOTELEIRIE 97.65 % TH Ok,

RBRABVEA LI rERS 0 702 2T L b ¥4ERE S ARBOPMS SO £ 2 H 2 3 & T
PEDERRTS 2, Bd { FRASRERRGMERIC L oTEmBsgeEfs, BokHicz L2
Pw =7y T D I CONBEIM b RS G A S B~ Pk s, BT BAD IR A5 A
RAMDARERNRC L 3 b OTHx —FEOHMCEZ £ DB L WERSEN OB EHZ BNS,

2. Em%mimttﬁﬁ%@&

SO LEHIEF « — EA BB CEOBIIKE Y & LTt 220m® KEi 25 m 1750 rmp @
—BROAERRBRMYA v 72 HOT WIS BEREDA AR B OICE s d b BEMOE s
LWDTHBEE RO TS %,

B 30 4 4 A, BEML D EC/IORIERRGEEER 1 AR LRCERBHOMTH SO
Tuer vl 1 r7E25145y 2 1 rEROCTHESARMEREzBEF S L L GIEERK
1Amp CTH3),

HEFR 31 4£4 HICB/CRE CIRIBMDENT L7ciiE 2587, B a0 SIAIEE CiiE LTk
DOTCHEACHMENZTEEZRLT WS,

BEAOGAEERVEREBRICEESE BFHEIZERDTROCIEFRCEREZNTWIEHKRTD
3o

BECORY S E/NEITRMEZ D CEILINESHEHETH 0L DEHBLTWE W,

SRR

ARIBEEIFE CEHETE 2 BEIcilE Nic X 50l x OHERRE % 7o T Tiid: L < \» 3 BIRR D
BILThEN

Lo LB iR BB R R R D J5 238 L < f$IC RIS EIE 2 & JRE T RO TR BRI Atk &
WU TN SRETNEFAE NS X 5 BEHOSARE Wz @EBO tip #E»mEmD iy
I EM) ERLT WS, R LT W3 ERECH T35 L IEFHNEICER LT nwTiiEE K 7
JAk & OMOBMEIC I3 bDOTH I3 T EBHEEEND, EMKICAEL 7ZBMETNIEEH LD
DTEFHEBICRZBELR EIEEME 2N T bORFEL HMs &, #HLWEIKIC XoT#E
ENCRFESFEAE L THEM S EINERO D 2 FEESIRNICELE L CLI WIS D TH D,
TEDTMEEA DT T Mk & FiE4RORIC BB SN e DAk bR E BBHMOBERT® b, i
HENELKENF « €F —2 2 v EDBCTOEBEZMELTh3 &2 2L E5, AL COER
MHREEHE LT—RCEL DN TVWE I VENMTHE LT E, TORERBLEEEEIEEH
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LA BRWEEED B0 EDHET, TOREMMICS 20X S TOIHRTIEUWA LT Wi\, Lk
LR SRR DRI b © AL BIMET 5 ITIE 4 T 7\

THVCE AR TR & BliE A & IR L X D idBk & Bbhdrs 0.35 Amp/m? 2 OB s
MEE 25 LW LeDTH 573, MEADEHACD, BMADEACY, Sl ) s
TENTET,

TOBH 2 FICHE L e SN EIZEETC e T CREIC S 5 #E 2 THER D CE&D T & bTTbih
CIRE S &7 LIk D W& Sk Boie DT, TOBME LM~ "t RICKDOIIESH 343, 1
EATEEABRITT 97 2 LI OBt 2T 2 ¢ £25T%, T iEbhtE ﬁu%@a%wzﬁm~k
HTHamb e BMEROMMIT L 2 b0 EBiEEs, TRBES-PEMNLTHOOWE
T3 D ERIERE L ERERS C RO TwE T EERLT WD,

WEH OGBS Ity 2, 3 dokhchETHOREREMHE Lt L RBHO
TR TTREBBET ® 5. T OOMS 3 T U RO AL D 5 BHESFAEL OBz 5 Rid
330 BMADERIEIMELORER b 0T 1 4O M FNICHEIL TR 2 720

B3 5 O R ZFER T 3 T SEMSRE O IR & L Tid— iSO BRI DTS
BDEEL B, CHICHET B 1KY 10 H~15 FTEHBETHLOTH 3,
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