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A Study of Cathodic Protection for the Inner
Surface of Sea Water Cooling Tubes by
the External Current
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Abstract

This paper presents a basic study of a new method for protecting the inner surface of
sea water cooling tubes of heat exchangers by the external current.

The experimental equipments were built with 70/30 brass tubes and the dimensions of
tubes were as follows:

equipment—A; 22. 0Omm(¢) X 150cm(?),
—B; 19. 5mm(¢) X 120cm(D),
~—C; 24.5mm(¢) x 180cm(l),

A twisted tape was inserted into each cooling tube and an insoluble auxiliary anode of
linear type, made of the Pb-Ag alloy, was fitted on both faces of the twisted tape.

A small, durable, natural sea water type AgCl electrcde was made as a reference elec—
trode, and its electrical potential characteristics were checked. This electrode was fitted
on the cooling tube to measure the electrical potential of inner surface of the tube and to
control the protective current density according to its potential.

An attempt was made to protect the inner surface of the sea water cooling tube directly
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against the corrosion by the external current.
The results of the study were as follows:

(1) The small, natural sea water type AgCl electrodes have been available as reference
electrode for the purpose of corrosion prevention, and the mean electrical potentials
of the electrodes have been as follows:

t <25C; E=6.940.19(t—25) mV(SCE),
t =25C; E=6.9-0.17(t—25) mV(SCE).

(2) The distribution and the change of electrical potentials on the inner surface of the
cooling tube have been measured by the small AgCl electrodes, and the inner surface
of the cooling tube have been protected satisfactorily against corrosion by the external
current.

(3) The initial protective current density I(A/m?) of the inner surface of cooling tubes
cooled at 25~26°C by the condensed sea water has been as follows:

tube’s dimension—19. 5Smm(¢) x120cm(Z);
I=1.2230+1.2063 logV—0.2062 logA,
tube’s dimension—24. 5mm(¢) X 180cm(/);
I=0.8836+1.1396 logV —0.2167 logA,
where
V is the cooling sea water speed(m/s) and A is the protective area{m?) of cooling tubes.
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Table 1. Corrosion resistance and heat conductivity of cooling tube materials

‘ complete immersion in sea water, .
. . | penetration, mm/yr ‘ resistance of heat conductivity
cooling tube material corrosion-erosion | kcal/mhr'C
‘ mean max. ( .
admiralty metal 0.04 — satisfactory 95. 48
Al-brass 0.02 | 0.18 good 86. 30
Al-bronze C.03 0.08 ” —
90/10 cupro-nickel - — — 38.69
70/30 ” 0.008 0.03 good with 0. 15Fe 25.30
excellent with
0. 45Fe
ferrite-austenite
stainless steel* — 0. 02%* 1 good** 18.00

% 25Cr-5Ni-1. 5Mo steel, ¥* 25Cr-20Ni steel
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BURESHA ShA b, el 2ol S3F BAfAME S BEE MOCHEG avlE @AY 4+ ool EE
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604y WMRA 2P, 2w o KR BT 2 FFIKClzaH Rl A 3. 0V(DC) = 1207508
R b A AgCle g CRBIREAED A 3=t

(3) 9 @WEs wraA kHes EPLeslg g 60mm el S
o wlel JUERAES dhe WSS TEQE. 2da elde FeREA el AR B
AA L AN A el ws] =5 s

() WA kol KWK Mk AcCHRURBDE B #ol AgCle HiEAIA
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Fig.1. A small, durable, natural sea water
typs AgCl electrode (Photo. 1(B))

(D outer part 5) Ag rod plated AgCl
@Dwooden plug @ sea water & AgCl
pewder
Photo. 1. Réference electrode
(A) calomel electrode (B) AgCl electrode
22 B EE

D KBREE-A

Fig. 2% Torké g wme SMBE a4 BEHEAD £ Q=5 AFEY HERE
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(1) #HEE 2 2 o] 150cm, PI7E 22mm, 57 1. 5mms] 70/30 A (IS 28) 6AR& fERISH
ol 7 IOl = Qo) Hem 3 EelA 10ecm(@2] frE-Fig. 2 21, 53em(®el 1),
97em(©@¢] 4uiE) ¥ 140em(@9] ALEDSE X W —jEie Lo FIE 2mme) L FHEA 2 A
SNEEAS W HEmEe Eols fslA Esvh = % %2 Wikl & ol A Al
2q & g = Tylx(flange)E MrEEstglaL, 2 RS kit ERA A el obA E3b ol
A o5 PEARSH e,

(2) Rk EREES) KEe PRI 7omm, el 700mme] A% ¥ B-& Kifkox FEG
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@ outlet water chest
® pressure gage
@ cooling tube
@ AgCl electrode
(reference electrode)

® anti-biofouling device
® water chest wall

. @ zinc anode
twisted tape

: ® Pb-Ag anode

(Detail of A part) @ rubber plate

Fig. 2. The experimental equipment-A

= R Bells FAAE B bEYY. w2 Za oo P 40mme] wgAge 2o m,
A = 6k AT Yk B & gma TAAE BEYY 293 o) gy )
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Photo. 2. Pb-Ag anode on the twisted tape Fhoteo. 3. End side of twisted tapes
(5) A WES A A B Phow. ob Fig. 35 2]
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o JbmE ) whgol BEEMISH e FURSIA AREEsL ARl EhEA A ane =
FES) S MR = %] Zobd AT i s ShaE.
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g —B % Cr Rk A
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(4) MEIRLSE @ EIEKME, Rigosha 402081 +0.1TC)
2) AR P L) B R B
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Table 2. Qualities of sea water for the experiments

{

kinds of water T | total total chloride specific source
sample temp. pH ‘1 hardness alkalinity  ppm CI= resistance of
“ ppm CaCO; | ppm CaCOst Q-cm sea water
: I
I
A 21 6.8 4,770 | 250 | 18,820 25.0 SE coast of
! Youngdo
B 26 7.2 4,980 200 16, 330 25.2 ”
i
C 13 6. 8**; 5,060 125 | 17,975 24. 8** NW ceast of
! ) Jeodo
D 25 7.0 ; 5,620 { 210 | 19. 680 19.5 cooling S. W.
! i / tank

* temperature at water test.  ** value at 21C

Table 204 Av RARAZ BALSEIES) RigH e = (515907 Aolx, Bt FRLE-A
o] 4] 5 I Al e N oINS FET vl fHHE: dtd ov, C&= ﬁgﬁﬁ%_Aql,q FIHT
BREREREE Wt Ao, D& RESE-Bs Col A HWIFMELSEES Wed o 7
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o5 fsie] MEEC] . Fig 32 AT FES 0HME ig. 5. Cati protecting circuit and
) potential measuring circuit
FIEKg FMENE Y BAEEMEEES] FHEHEC] o} D) cooling tube @ twisted tape
1 3 4 . , @& Pb-Ag anode @ CTENCe
Bl 4 WAk REEAA % Bk R oA, % node @i
COHIERE FMES mmskx] 3 KE el BHAAA REE ® potentiometer @ constant vollage
) controller
sl

Photo. 5. General view of the experimental equipment-A
D outlet water chest () pressure gage 3 cooling tubz (&) AgCl electrode
® distributing board @) inlet water chest () anti-biofouling device
cooling sea water pump (@ constant voltags controller @ potentiometer
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Fig. 4. Potential-temperature characteristics of the natural sea water type AgCl electrodes
(A) 8.8+0.14(¢—25) mV(SCE): Seo (C) 6.9+0.19(¢~25) mV(SCE): t<25TC
(B) 6.140.07(t—25) mV(SCE): Ito (D) 6.9-~0.7(z—25) mV(SCE): =25
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Wifdol A BHEATEALS] SmVPgAte] ES} PR ¥ fomu o] MIFEME-- FHEE®
o BMT g Bhelwa AzAch, 2d=n ofd W 25T —0.77V(SCE)el ehrd
o] MY MEEAE o 2t —770—6.9=—776.9= —0.78(sw—Ag/AgCh s v},

3.-2 BAKAHMBE NES BLAHR
1) skeEpge] BBl o) 8 MENES BALYTE
Fig. 5= RERHEE-AS AHME HHBAS AWBES S o 2 AAEEN WAk
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Fig. 5. Potential distributions on the inner surface Fig. 6. Potential changes on the inner surface cf

of the cooling tube protected by Zn anodes the cooling tube protected by Zn anode in
in the water chest the water chest when stagnated water is

\ @ In the stagnated water(initial) turned into flowing water.
® In the stagnated water(stabilized) 1st position
© In the flowing water(0. 6m/s, stabilized) © 3rd position

ol 2oz wobs Aol Fl FBIBFEEEMEGE 400mA/mee] Bhfh RS Ak el 4
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