This paper not to be cited without prior reference to the author

International Council for the C.M.1973/B:11

Exploration of the Sea Geaxr and Behaviour Committee

‘@micrschmgms‘.g,

THUNEN

Digitalization sponsored
by Thinen-Institut

Blbliothek

THE SELECTION OF ELECTRODE MATERTALS FOR ELECTRICAL FISHING

by

Peter A M Stewart
Marine Laboratory
Aberdeen, Scotland.

Abstract

In a marine electric fishing system high intensity current pulses must be
passed through sea water from metallic electrodes. In general, this
enhances the rate of anodic corrosion. The behaviour of several commeonly
available materials, when used as sea water electrodes, was studied. The
influence of the electrodes on continuous and transient current flow was
examined. Certain of the msterials had protective surface coatings
which gave them some resistance to corrosion and influenced their behaviour
as electrodes. It was determined that galvanised steel, although subject
to a relatively high rate of corrosion, should be an effective, cheap and
expendable electrode material, and that stainless steel, which has s:.gnl-
ficant corrosion res:.stance, should also be a suitable material.
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THE SELECTION OF ELECTRODE MATERIALS FOR ELECTRICAL FISHING

Introduction

Electrical fishing ih_sea.water reQuiree the passage of intense
current pulses if.effectire'electric field etreagthe are to be dereloped
'l throughout Significent rolumes‘cf-tater;1 It seeme unlikely at rreeent
that these intenee currents could be generated purely by 1nductlon.’ birect
'current indection is 1nescapable therefore, and hzghly conductlng materlals.
d.e. metala. must be used ae electrodes. The passage of intense currents
: from metallic electrodes into a concentrated electrolyte like sea water
will give rise to phyeical and chemical effects, such as corrosion end
polarlsation at the metal-solut;on interface which will affect the flow
of current. Thlﬂ artlcle describes tests in wh1ch several commonly
available metals were used to paes continuoua and pulsed current through
sea water' the object of the exercise being to select a suitable electrode _
1material from those examxned. . ‘
‘ The passage of current from metallic electrodes into sea water will
result in corrosion of the anodec, unless the electrodes are made from
the very expensxve inert noble metals (plat:num,-etc,). Electrode materielc‘
- containing graphite, and lead electrodes‘coptaicihg graphite end.ﬁith a
patent oréanic coéting have been shown to‘haVeisignificaht Corroeicﬁ
resiStarce.a';_Since electrodee mounted on fishing gear are boupd to suffeér
abrasion duriﬁé towing, the uee‘of costly ﬁeterials;‘even ae’thin coetings,'
‘ 1s 1mpract1cal, and the obvious course 1s to accept that the electrodes

[y

‘wlll be corroded away durxng operatlon, and use cheaper expendable materlals.
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Polarisation, which is the limiting of current flow due to chenical -

activity at the electrodes, may be a problem with some electrode materials.

' This could be caused by the build up of low condactivity salts or the

'erolﬁtioﬁ_of éaecs,.but is, hoﬁerer;_likelj to be limited by continuous

scouring of the electrode surface during towing. The passage of . current -

by the electrodes w111 create electrolytlc cells whose voltages w111 opposc"

current flow. The voltages of such cells will depend\upon the electrode
potentials of the metallic ions involved, and might be as high as 2V.

The ideal electrode material for electrical fishing experiments

_should be mechanicallr robust, cheap and expendable. It sﬁould not be’'too
‘ rapldly corroded nor too strongly polarlsed, and the propertles of the
" metal-gea water junctzon should not serlously d1stort the shape of any

.current pulee whlch it passes. The metals choeen for exam;nat1on were

stainless steel, alumlnxum. txtanxum, brass, copper and galvan1eed steel'
several of wh1ch have eome res1stance to corrosxon by sea water. Staxnless

steel. aluminium and tltanlum reslst corroslon by hav1ng stable ox1de
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films on the eurface. Galvanlsed steel is protected by a layer of z1nc,

which is corroded in preference to the iron. It was appreclated that
these protectxve films mlght influence the ccnductxon Process, though not

necessarily in an adverse way.

Experimental Procedure

Tests were carried out in a rectaagular'tank (33 X 33 % &O ct’) in

. which there was a continuous flow of sea water. Electrodes wcre made from

etalnless steel (ENSBA), copper. titanlum, alumlnlum. galvanlsed steel

and brass. Each set of electrodes con51eted of two plates roughly 30 cm

_square by 1.5 m thick, mounted 28 cm apart on a wooden frame. The

simple circult of Flgure 1 was used to examine the AC (50 Hz) DC and

pulsed DC behaviour of each set of electrodes. Voltage pulses, rectanéular

¢

in chape and 1ast1ng several seconds, were produced by operating the switch.



Correct operation of the apparatus was checked durlng each test by
replaclng the electrodes and sea water load by a hlgh wattage 10 re51stor.‘
' The current density at the electrodes was var;ed up to.50A/m2. The'sea

water load presented a resistance of approxicately 20 o

" Measurements

“In'Fiéere 2 the current deneity-voltage (J=V) cheracteristics forkthe
si& eete of electrodes are presented. Current density has been normqllceda
in these graphs; On each graph the J-V curves obtained with DC and 50 Hz
' AC are given. H&steresxs was observed in the pre measurements on tltanlum
and atainless steel, but in the latter case the effect was too slight, and
. decayed too rapxdly to be meanxngfully recorded in Flgure 2. The DC
characterletlcs are markedly nonfllnear, and the voltage at which the
. change in eiepe.occure is for convenience called the traneiticn point.
Aluminium was the only material co have a nonslihegr AC Characferistic..

| ﬁnder>puleéd conditions a marked difference in current flow wss noted .
depeeding on‘whetherlfhe applied vbltege waebabore or eeiow the transitiCA. |
velﬁe;. Below transition the shape of the current pulse was tee seme for |
all of the electrode materials, and is shown in Flgure 3(1). Above
' trancltlon the shape was dxfferent for each materlal, and the current pul
shapes are recorded in Fzgure 3(2). These pulse shapee were obtalned by
the appllcation of a rectangular voltagc pulse, and were reproducible in
:the sens? that the shapee, though not. nccessarlly the amp11tudes, of the
initisl transzents’were always the some. - .

Corrosion took place Sfrcrgly aé'the_encEes during the tests, ard

gos vas evolved at the caihcde§; rElectrolftic'cells were created with
"voifageé hormélly.uhder 1V, rapidly decaying to less than O;SV when the
:electrodes were shorted. Obserraticns mode when the eleccrodee were new,
and after 30 minutes or mcre of use, did not reveal eﬁy significant differences
in eifher'cohtinucﬁe“cr puieed operation. 'With two'piecée of galvanised
' steel,wire'esJelectrodee,_the current density at the e}ecrrcde surface
~was raised to 10% Mm2, No current limiting was obSérvéq.
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Discussion

It is clear from the non-=linear nature of many of tﬁe DC and pulsed
characteristics presented above that the electrode material can
éignificantly influence the passage of current. Since current fiow in
the sea water is clearly ohmic at the current densities uséd, processes
taking place at the electrode surface must have been ;esponsible'for the
non-linearities. Several mechanisms are probably invclvéd, but most of
the observed effects can be ascribed to the creation of eiectrclytic cells
and the formation of rectifying contacts‘due to the prescnce of seni-
conducting or insulating salt layers on the electrodes. Polarisation
effects in the layer of water next to the electrodes kspace charge effects).
do not appear to be present as there is no curreht limiting in the high
current region3. A brief qualitative consideration of the cbserved effects
follows, attempting to account for some of the observed behaviour in terms
of solid state theory™.

The DC current-vcltage characteristics, excluding those of fitanium,
could result simply from the formation of electrolytic cclls. oﬁ the
other hand, these characteristics were observed as-soon as tests started,
before the plates of the cell could have been rendered chemically different
by the passage of current and hence polarised with respect to cach other.
Slight differences in the plates, e.g. non-uniformities in the protective
salt layers, may, however, have been sufficient for the creation of a cell
immediately on immersion in the electrolyte. The fo;mation of elcctrolytic
cells nust clearly have made some contribution to the ncn-lineacity of the
DC characteristics,‘but is unlikely to have been responsible for all of it.
The DC characteristics are typical of those produced by rectifying contacts,
in which a barrier voltage must be ovcrcome before current can pasc.
Two identical electrodes were used in each test, and two barriers must

have been present, one forward biased and one reverse biased; only the
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O } . 1atter impedlng current flow. The ox;de layers present on stalnless

“1‘ o steel, alumlnxum and titanium wzll have energy band structures dszerent

| to those of the;r host metals. They may be semlconductors or 1nsu1ators.

'-’;y;‘u. and there wzll therefore ve a rectifylng Junctlon between metal and oxide.-e
The salts deposxted by electrolysis w111 probebly tend to complicate the

’ barrler propertles., A very thin layer, several atoms thick, on the

' ‘electrode surrace;-could be enough to produce a barrler. Hysteres1s was
'observed wzth tltanlum (sfrongly) and- wzth utalnless steel (weakly).

Th18 could arise with a metal-semlconductor aunctxon 1f current flow involved
'_-a conplex conductlon.process, such as tunnellzny, wh1ch requlred a h1gher .
. . ’level of energy to 1n1t1ate it than to ma:.ntaln 1t. P:Ltt:mg was observed
h o on the t1tanium and stalnless steel anodes, suggestzng that the surface

'{ oxide layer was belng ‘broken down 1n places.~ Thzs effect probahly causesA‘
L E E non-uniform current flow close to the anode. | |
CoL " The’ pulsed cbeervatxons.‘below the transition toltage, suggest tnats
the surface layer is similar to a capac1tor, w1th an exponent1ally
decaylng charglng current. The capac1tance must be that of the Junctlon

layer. and thls appears to be sxmzlar in value in every case, except for

' alumin1um. Provzded that this capacltance presents neglig1ble series

= dependent (a reascnable assumptlon) then the capacitance will change

reactance 1t w1ll not 1nfluence the AC characteristlc. If, however, it

is not negl1glb1e, and 1f in sddition the barrler width is voltage

thh voltage, and the AC characterxstlc, as 1n the case of alumlnlum,“

R ?f';i',‘z w1ll be voltage dependent. The trenslent.condltzons with aluminium

electrodes w1ll clearly be complex. The differences in transient behaviour

above the transltlon voltage are 1mpoftah£,‘aha‘are likely to be due to-

o
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P f"surface'films. Dlstortlon of the leading edge of the current pulse 15

o undeclrable, ‘and is most marked 1n the cases of alumlnlum and tltanlnm.
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”«Exponentlally sheped current pulses are most sultable for use in electric
flshlng_systems. These are generated by capac;tor dzsoherge czrcuzts .

: which hsve high pesk snd low mean power rcqu1rements. In czrcuzts uslng

. thyrlstors the peak of the current pulse can occur within BO)LSec of the
'start of current flow and consequently can be 11mited by tranolent effects-

:at the electrode - gea water boundary. Since the object of - passlng current’

e through sea water 1s to influence the behavicur of flsh, maznly by induced

‘mu cular effect ,~the mrnimum contractlon tlme cf flsh muscle is an

' 1mportsnt parameter 1n ‘the design of electrical flshlng systems. Huscular.~
': contractions can take place 1n a few mllllsecondss. Consequently the
L max1num permlssxble rlse tlme of the current 15 about 1 n Sec.

The barrxer layers on t1tan1um and alumznlum clearly have draetlc
:effects on the transm1551on of current pulses, maklng them unsultable for-
Ause as electrodes in experlmental condltlons where unnecessary distorting
factors must be‘excluded,b Severe corroslon took place on the anodes when
galvanised steel and copper were tested.‘ It was found, however, thst the
»7l'salts evolved on the anodes of these metals tended not to adhere, and had

' no llmitlng effect on’ current flow. If used~as an electrode on a trawl,

.abr851on durlng towxng would remove these deposmted salts even more rapldly.

- Staxnless steel, gelvanlsed steel, copper or brass could be used as-

T electrode materials wlthout undue dlstortlon of current flow. Stalnless

steel and brass are the most attractlve of . these metals because of thelr .

-

- greator r051stance to corr051on by sea water, and stalnless steel appears

'to be the most sultable of these because 1t is cheaper, nechanlcally

: stronger and readlly avallable in useful forms. such as trawl warp. it

'_aquarlum experlnents are to be conducted, however, the most sultable -

' elcctrode raterlal would be: mlld steel,‘contalnlng no elements whlch are
‘=,p01scnous. Copper, nlckel and zinc, found 1n the other likely materials, -

" are considcred polsonous. Corr051on of the electrodes w111 take place



in a marine environment even when there is no impressed current, and
'anything which 1imits corrosion will prolong the life of the electrodes.
ﬁo tests were carried out in which'anode and cathode were of different |
materialé, bﬁt it is conceivable that the corrosion-registing properties
of titanium could be utilised by having titaniuq cathédes.
Kreutzers‘proposed current reyersal as a means of 1imitihg electrode
corrosion. The high voltage system which he designed produced oscillatory.
pulses with inherent current reveréal.properties. Curreﬁt reversal
prevents the builé up of salts during opération but does not necessarily
prevent the removal of metallic‘ions from the electrodes._ Corrosion may
b@ inhibited, but the electrodes will sfill corrode when uneneréised.
For some applications, e.g. where taxis is fo be used, current reversal
is not possible. In economic terms the value of current reversal in
limiting corrosion would be determined by the relative césts of the

electrode material gnd of the more complex pulse generator.

Conclusion |

Stainless steel was selectedkaa the most suitable material for use
as an electrode in electrical fishing experiments. Its only drawback‘ .
appesrs to be‘that it contains metals which, if sufficiently concentrated,
can beApoisonous to fish. If electrical fishihg becomes coﬁmeréially
practical the most suitable electrode material would appear to be old
galvaniséd steel warp, which is readily available, very cheap, énd ‘

expendable,
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FIGURE1 Circuit Diagram
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FIGURE 2 }Current Density (J) in A/m2 plotted against applied
voltage (V) for various electrode materials.
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FIGURE 2 (continued)
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FIGURE 3 Current Pulse Shapes with various
Electrode Materials
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