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INTERNAL CONDENSER TUBE CORROSION ON CONDENSERS
AND COOLERS IN POWER STATIONS

INTRODUCTION

Leakages in heat exchangers, where water with a high
salt content |s wused for cooling, have almost always
serious effects on the operation of power stations, bul the
immediate damage bears no relation to the possible
consequeniial damage. In extreme cases, unspotted
intrusion of cooling water |eads fo power breakdowns,
e.g. due to fube bursts in the evaporation lines or to
turbine blade breakage in the area of incipient steam
humidity in the turbine. As a rule, a falling-off in capacity
and a prolonged search lor the leakage are necessary.

Ot the damage to condensers and coolers investigated
over the last five years, the major part (> 90%) was
due, exclusively or substantially, to corresion of tubing in
the cooling water circuil. Qur own experience with damage
is restriced to systems in the Federal Republic of Ger-
many cooled with brackish waler or river water, and
where preference is given to copper alloy tubing. The
demoge was caused by local corrosive atiack an the
lubing (1 to 8), whereby a reduction in the frequency of
pitting, stress corrosion cracking, eresive carrosion, deal-
loying anc corrosion fatigue was observed.

The hich resistance to corrosion of the copper-base tube
materials in cooling waler is said to be due to the forma-
tion of a natural covering film of Cu;O with a maximum
thickness of several microns, This film contains alloy
elemenlts in a ftrace concentration (protective film pas-
sivity),

In order to understand the seleciive corrosive processes
leading to damage, It is necessary to examine more closely
the initial processes underlying the formation of uniform
covering films and their susceptibility to influence.

UNIFORM CORROSION

The oxide films en copper alloys are twofold. They consist
of one layer growing from the original surface into the

Figure 1

Double-tamellar covering fayer Cuy0 CwyO-Cu0 on a heat
exghanger tube of CuZn28Sn

alloy and, secondly, a growing layer with varying condifions
of thickness (9, 10). Mostly, the puter layer is formed of
leesaly linked single crystals anly (Figs. 1 and 2).

The topotactic conversion under direct anodic oxidation
to Cu,0, being the anodic reaction at the interface of
the phases Cu,0 ! Cu-glloy (anode spot), is termed as

2Cu+ H,0=Cu,0 +2H" + 2e" (1)

Also, a part of the anodic current s taken over by the
dissolving reaction of the copper

Cu=Cu" +e" (2a)
respectively, its alloy elements (Zn, Ni eic). for example

In=12Zn2" + 2e (2b)
The relationship between formation of Cu,O (1) and the
appearance of Cu™ and Zn% (2a and 2b) depends on
the alloy. since the volume of the corroded alloy film
is filled up with the lopotactically generated and mainly
pure Cu,0.

Topotactic reactions of the kind described are only
possible in the long run if the oxidizing species (H;O or
OH- ions) can reach the momentary phase boundary and
diffuse the ionic reaction products (Cu', Zn?', H*). Basically,
two transport mechanisms are concejvable: solid diffusion
of ©* and Cu” lons in the Cu,O layers (graln or grain
boundary diffuslon), or Ingress and elimination of the
oxidizing resp. generated ions via pore channels in the
Cu,0 layers through liquid diffusion. In view of the low
temperature-conditioned rate of ion diffusion In the Cu,O
lattice, pore diffusion will be the principal transport
mechanism. There is metallographic evidence of micro-
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