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HVDC possible system configuration
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Balancing current in Bipolar HVYDC link
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Reactions at the electrodes
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Ossidazione Positive and negative ions Riduzione
Reaction at the anode
2NaCl 4+ 2H,0 & 2NaOH + Cl, T +H, 1 Cl,T +2e~ & 2C1° E°=1,36V

2H,0 < 0, +4HT +4e~ E°=1,23V




Technologies for anodes

For HVDC submarine connection systems, the electrodes are

normally designed in compliance with the following specifications:

e continuously current of 20% greater of the nominal capacity;

e lifetime expectation of about 20 years or more;

e reversible functionality (cathode/anode) for a limited period;

e free chlorine emission in the proximity of the anode non greater of
0,2 mg/L;

e electrode total voltage drop, at the nominal current of the system,
greater than 12 V;

o electrical field on the electrode surface not greater than 0,5 V/m,
In the worst condition.




(Chemical) - Electrode project

The most common types of anode used in sea and shore anodes are:

- Titanium mesh or rods coated with platinum or other mixed metal oxides (MMO)

- Magnetite anodes (Fe,0,)

- Carbon/Graphite rods

- Silicon or Chromium High alloy steel (SiCrFe) rods.

Platinized titanium rods are the most used. The structure is composed of several
rods suspended on a traversal insulating structure, generally wooden.

The rods are coated with a 5 — 20 um layer of a noble metal oxide, such as
platinum, or a mixture of several of them.

Titanium anodes, not protected, have a very high wear rate in the range of 6-8

kg/A-year
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(Chemical) - Anode (Titanium)
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(Chemical) - Anode (Titanium)
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Titanium is the ninth most abundant element in the Earth’s crust.

The two most useful properties are corrosion resistance and the highest strength-
to-density ratio of any metallic element.

Related to its tendency to form a passivating layer, titanium exhibits excellent

resistance to corrosion. However, it is attacked by concentrated acids. As indicated

by its negative redox potential, titanium is thermodynamically a very reactive metal.
One indication is that the metal burns before its melting point is reached. Melting is

only possible in an inert atmosphere or in a vacuum.
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Innovative Concrete Steel Anode

The prototype designed and built in University of Roma - Sapienza
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Cathode
Cat™ 4+ 2e = Ca

2H"+ 20H™ - H, + 20H
Ca+ 20H — Cal(0OH),
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Alkaline environment
able to prevent corrosion
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Ca™™ +2C1” = Ca+Cl,
Ca+ 20H — Cal(0OH),

b:/l’:’,"’__
e

Fe

CE|++

OH"




Experimental

r—

Preliminary Test

* Protocol for A) and B)

A)
» Comparative Test

» DC Circuit

> 56 hl/test

r

Evaluation
of corrosion
in Lab

)
Test of concrete

anode in sea
environment

B)

.

N

C)

A) Preliminary Test: Steel VS Concrete

» J = 25-40 A/m?2

> Sea water

B) Test in Lab: Anode in
Steel/Titanium/MMO Titanium

Concrete steel

C) Test in sea: Anode in Concrete in sea

environment




Experimental

Anode in Concrete

4 20 rum Steel Bar
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Anode in Steel

Anode in Titanium

Anode in Mesh MMO Titanium




Setup

Anode in Concrete

Anode in Steel




Innovative Concrete Steel Anode

The preliminary experimental work performed at University of Roma - Sapienza

a) Concrete steel anode b) Steel anode

Comparison of solution coloration between steel-concrete anode and steel anode
after the experimental work (56 hours) with current density 25 A/m? (the normal
dencity is 1 A/m?

(a): Colorless seawater after the Test (steel anode covered with concrete)

(b): Fire-brick or dark red seawater after the Test (steel anode without concrete)
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Experimental: Surface inspection

o No water infiltration in concrete anode
o Visible deterioration of the anode Steel

o Fe deposits in proximity of the
discontinuity of the concrete anode







Microscope inspection — Steel anode

Test 1 — 5x Test 2 — 5x




Water chemical analysis

_ Anode in CA Anode in Acc Anodein CA Anodein Acc
_ colorless colorless brownish colorless brownish
pH 80 9,1 5,4 9,2 6,8
- 37.600 49.100 51.300 50.000 49.900
Chlorides  26.865 26.080 24.240 25.340 24.335
K (mg/L) 715 735 695 685 650
"Mn (mg/L) <50 <50 950 <50 979

" Fe(mg/l) = <05 <0,5 131 0,5 119
~Ca(mg/Ly) 400 362 373 320 380




Additional tests with titanium anodes

Comparison among the titanium
rods used during the tests for
different times

Ph decreased also from 7.17 to
3.49.




Particularly titanium rod at the end of the accelerated
testing




Anode in Mesh of MMO Titanio

PRODUCT NAME COATING COATING THICKNESS SPECIFICATION

MMO Titanium Mesh Ru-Ir 8 um (10g) 1x50%x20 mm

Before

After




Microscope inspection — Anode in Mesh of MMO Titanio




Concrete anode test on-site

» Possibly avoid authorization (time consuming);

» Select a protected site close to the coast, having electrical
supply

» Similar sea water condition for comparison purposes

between concrete steel anode and existing titanium anode.
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It was supposed the «Tramontana bay» (Sardinia) where it is
installed other HVDC traditional anodes




Sardinia HVDC traditional anodes [B1-101 CIGRE 2012]
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Pilot electrode (concrete) - Terms of reference

DC density current greater than 20% of the nominal (1 A/m?)
Lifetime 20 years or more;
CL emissions near to the anodes less than 0.2 mg/L,;

Total voltage drop at the electrode <12V,



Setup of installation

Traditional titanium rods anode
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ﬁ Electrical design =\ﬂ/

DC continuative nominal current related to the real
electrode:

|, = 1500/number of rods (38) =40 A

Mesh side: L=25m
Mesh area: S =6.25 m?
Thickness: 6 =0.20 m

Steel rods of the mesh (24+24)

Lenght: b=2.30m
Diameter: ¢ =20 mm

Step distance: 10 cm

DC continuative max current related to the real
electrode

| = 2500/38 = 66 A
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Conclusions

Increased alkalinity of the solution with an anode in concrete

Absence of water infiltration in the body of cement

No change of Fe concentration in solution with an anode in concrete

Surface regularity and lack of corrosion

With the use of concrete electrodes no

dispersion of metals in the sea water
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