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Different speeds of movement and heat transfer parameters impact on electrochemical behaviour of aluminium alloy in the Caspian Sea 

water has been investigated including also methods used to prevent scaling by acidification of water and injection of anionic surfactants. It 
was found that increase in speed up to 2 m/s is the favourable stability factor against the pitting corrosion and the heat transfer through the 
surface under the temperature drop up to 90°C / 140°C at the metal-liquid system doesn’t lead to dangerous contraction of passive area, i.e. 
is safe from the rise of the pointed-pitting corrosion standpoint. 
 

Caspian Sea water is often used in the Fuel and Energy 
and Oil and Gas extractive industry Units’ cooling systems 
due to deficiency of fresh water in the Caspian regions of 
Azerbaijan, Kazakhstan and Turkmenistan. Moreover, heat 
transfer surfaces, as a rule, are made of costly alloys on the 
base of copper (cupronickel, brass, bronze) and stainless 
steels. 

Decrease in prime cost of Units and production is possible 
provided replacement traditionally used materials by some 
considerably cheaper and available aluminium alloys which 
are almost 3 times lighter and 5-6 times cheaper than the 
copper ones of the same size. 

Corrosive and electrochemical characteristics as well as 
protective effect mechanism for number of aluminum alloys 
during thermal desalination of Caspian water have been 
studied under heat balance and intermixing of medium [1-6], 
i.e. when the metal-electrode and the solution-electrode 
temperatures are the same. However, the heat transfer surface 
(metal) temperature differs from the cooling (or warmed) 
liquid medium temperature in the heat transfer systems, i.e. 
the metal-liquid interaction process is on, under the heat 
transfer. Mixing up of the liquid may not also correspond to 
the actual speeds of movement observed in the heat 
exchangers. 

According to the procedure [7] the anodic potentio-static 
polarization curves have been read from the three-electrode 
cell made of pyrex-glass with electrode spaces for divided by 
taps, at the laboratory plant with rotating heat transfer disk 
electrode. Disk electrodes have been made of the Al-Mn 
alloy (1,0 – 1,4 % Mn; 0,2 – 0,5 % Mg, everything else is of 
– Al) – which is one of the most corrosion resistant alloys to 
sea water [1 – 6]. Natural Caspian sea water from the 
Absheron seacoast has been used as an electrolyte (total salt 
content is apprex. 13g/l ; Cl- ≈ 5,35 g/l; SO −2

4  ≈ 3,1 g/l; 

(Ca2++Mg2+)≈80,0 mg-ekv/l; (HCO −
3 +CO −2

3 )≈4,0 mg-ekv/l; 
(Na+ + K+)≈3,4 g/l. 

Model aluminum or it’s alloy anodic potentio-static 
polarization curve in the sea water is shown on the fig.1. As it 
is seen, there is no active dissolution area on this curve and 
metal is in passive state when corrosion potential is (ϕcor). As 
soon as definite pitting-formation potential (ϕpf) is achieved, 

drastic rise in anode current is registered, caused by local 
breach of passivity and formation of pittings.  

According to general theory of this process offered by 
Ya.M. Kolotirkin [8], migratory accumulation of activated 
anions takes place by the most active parts of the metal 
surface. When ϕ=ϕpf the anions force out the passivated 
oxygen and take part in the local dissolution process (as 
catalyst) at this places. Passive area width is defined by the 
∆ϕp = ϕpf – ϕcor difference during the anodic polarization. 
Potential at which the direct and back stroke anodic curves 
are intersected is defined as the pittings repassivation 
potential (ϕrp). Density of anodic current in passive area ip    
corresponds to the metal corrosion speed in current units. 

According to the published works [9,10] formation of 
pitting could not happen in the ϕ < ϕrp area,  arose pittings 
may develop and formation of pittings could happen during 
sufficient time delay in the ϕrp ≤ ϕ ≤ ϕpf area and pittings 
arise practically at once in the ϕ > ϕpf area. Development of 
pittings which are already arose will be stopped only in case 
if the potential becomes lower than ϕrp.  

Thus, location of ϕcor potential regarding ϕpf and ϕrp 
potentials defines, in essence, the stability to the pitting 
corrosion. Movements speed impact on parameters of the Al-
Mn alloy anodic polarization curves is studied in the sea 
water warmed up to 90o C under the disk electrodes rotation 
speeds of 1000, 2000, 3000, 4000 rpm that corresponds to the 
linear speeds of the liquid movement of 0,84; 1,19; 1,45 and 
1,68 m/s inside the pipe. 

Electrochemical measurements have been made in the 
thermostatic three-electrode cells made of pyrex glass with 
electrode spaces divided by taps. Investigated heat 
transmitting disk electrode has been placed in the middle part 
of the cell and connected to the reference electrode by Luggin 
capillary. Platinum has been used as an auxiliary electrode 
(AE) and silver chloride in the saturated solution of KCl – as 
a reference electrode. 

 The cells had plane bottom enabling mixing up of 
solution by MM – 3 type magnetic mixer when necessary. 
Working volume of the cell (investigated electrode’s section) 
is 50 ÷ 100 sm3, quantity of solution in it is 20 ÷ 50 sm3. 

Polyethylene hose connected the cell to the vessel for 
preparation of solution, equipped by casing for thermostating 
purpose like the cell itself. U-1, U-10, LP-201, TC-16 
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thermostats have been used for thermostatting. The 
thermostat’s liquid is distilled water (up to 90oC) or glycerol 
(over 90oC). 

Investigated disk electrodes have been made of aluminum 
alloy reds pressed into the teflon. To avoid gap effects, close 
fitting to the insulating material’s metal had been carefully 
checked. 

Before experiment the disk electrodes have been cleaned 
out by fine files of different numbers with consecutively 
decreasing size of the abrasive grains, degreased by ethyl 
alcohol, washed by distilled water and working solution. 

 Polarization curves have been taken based on steady-state 
corrosion potential (ϕcor) after 1-2 hours following immersion 
of the electrode. The potential have been changed by 10 – 30 
mV steps with 2 – 3 min time delay per step. The delay have 
been extended up to 10 – 20 min nearly the pitting formation 
potential ϕpf (when potentials were approx. 100 mV lower 
than ϕpf). To take cathode curves the polarization have been 
stopped at potentials 0.5 – 0,6V lower ϕcor. Each polarization 
curve have been taken 3–6 times. Findings have been 
averaged. 

Taking into consideration the recommendations [5, 6], 
stability to pitting have been estimated according to 
conventional width of passive area ∆ϕp=ϕpf – ϕcor, i.e. 
according to potentials interval higher ϕcor, where metal is 
passive as well as according to difference between 
repassivation potential and corrosion potential  (ϕrp - ϕcor) i.e. 
according width of the area where pittings could not happen; 
to measure the pittings repassivation potential (ϕrp) after the 
current density achieves approx. 10–3 A/sm2 during the 
anodic activation process, polarization have been changed in 
the opposite direction and back stroke anodic polarization 
curve have been taken with the same speed until intersection 
with the part of the direct stroke curve corresponding to the 
passive area. 

Time delay per each potential have been extended up to 
5–7 minutes nearly ϕrp. Results of the ϕrp measurement by 
potentio-static method (potential shifting speed is 20mV/min) 
are the same. 

Findings (fig.2) show that along with increase in the disk 
rotational speed the corrosion and repassivation potentials are 
changing a little like the corrosion current in the passive area, 
passive area ϕrp – ϕcor width exceeds 200 mV all over the 
investigated liquid speeds’ range (the potential values are 
shown reduced to the n.h.e. – normal hydrogen electrode). 
Along with increase in rotation speed up to 2000 rpm, the ϕpf, 
potential is shifting into the passive side (that is in  
conformity with data [11] for aluminum in the (NaCl) 
solution at 110 mV); further increase in the electrode rotation 
speed shifts the ϕpf into the more negative values’ side, 
however this potential is more positive than in the static 
conditions ever when n = 4000 rpm. 

Experiments with disk electrodes have been made under 
heat transfer conditions with n = 1000 rpm (0,84 m/s). 
Presented in the table are the parameters of received anodic 
polarization curves competitive to the relevant characteristics 
under the heat balance.  

As it seen from the table, if there are no descalers in the 
water, the corrosion speed and pittings repassivation potential 
are unchangeable under heat transfer through the disk, ϕcor 
potential is shifted first 30 mV into the negative side under 
the temperature drop of 120o C/90o C and then 90 mV – into 

the positive side under the temperature drop of 140o C/90o C. 
ϕpf Potential is shifted into the negative side maximum 
100mV under the temperature drop of 140o C/90o C, however 
∆ϕp (0,28V) and ϕrp - ϕcor  (0,21V) values are quite sufficient 
to avoid pitting corrosion in this case.  

Under the temperature drop of 140o C/90o C and the 
electrode rotation speed of 1000 rpm the anodic polarization 
curves have been also taken in the modes of scale prevention 
by acidification of water by sulfuric acid (5,7 ≤ pH ≤ 6,3) and 
injection of 100 mg/kg of anionic surfactant – sulphonic 
carbonate acid dysodium salt. 

 

 
Fig.1. Schematic anodic potentio-static polarization curve of  
          direct (      ) and back (         ) stroke for aluminium and its  
          alloys in the Caspian sea water. 

 

 
Fig.2. ϕrp - ϕcor, ϕcor, ϕrp, ϕpf and dependences of the Al-Mn  
          alloy in sea water under 90oC on disk electrode rotation  
          speed. 

 
Acidification itself shifts ϕcor to 40 mV into the negative side 
and ϕpf to 30 mV into the positive side under some increase 
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of corrosion current in the passive area (from 28 up to          
50 mkA/cm2). Injection of surfactant shifts ϕcor, to 80 mV 
into the negative side and ϕpf to 100mV into the positive side 
increasing significantly the passive area width ∆ϕpf. Thus, the 
alloy corrosion speed decreases 17,5 times (from 28 to 1,6 
mkA/sm2). 

Pittings repassivation potential is unchangeable in the 
scale prevention modes mentioned, however ϕpf - ϕcor and ϕpf 
- ϕrp values  are  increased   70 and 30 mV accordingly  in  
case  of acidification and 180 and 100 mV accordingly – in 

case of descaler injection (anionic surfactant) due to change 
of ϕcor and ϕpf. So, from the stability to pitting corrosion 
standpoint, movements of the sea water is a favorable (factor) 
facilitating removal of the metal dissolution products out of 
metal surface. As a result, the, ϕpf potential is more positive 
in dynamic conditions than in static conditions. Heat transfer 
through the surface doesn’t lead as well to the dangerous 
contraction of passive area especially when descaler (anionic 
surfactant exists). 

 
                                                                                                                                                                              Table 

Corrosion potential and parameters of anodic polarization curves for the Al - Mg alloy in the sea water under the heat balance 
and the heat transfer conditions (n = 1000 rpm) 

Measurement conditions ϕcor, V ϕpf,V ϕrp, V ίp·105, А/sm2 ∆φp, V ϕrp-ϕcor,V ϕpf-ϕrp, V 

Heat balance, 90о С -0,79 -0,35 -0,52 3,0 0,44 0,27 0,17 

Heat transfer, 120о С/90о С -0,82 -0,43 -0,52 3,2 0,30 0,30 0,09 

Heat transfer, 140о С/90оС -0,73 -0,45 -0,52 2,8 0,28 0,21 0,07 

The same in acidified sea water 
(5,7 ≤ рН ≤ 6,3)  -0,77 -0,42 -0,52 5,0 0,35 0,25 0,10 

The same in the sea water with 
100 mg/kg of anionic surfactant 

additive 
-0,81 -0,35 -0,52 0,16 0,46 0,29 0,17 
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À.Ô. ßëèéåâ 

ÄÈÍÀÌÈÊ ÈÑÒÈËÈÊ ÞÒÖÐÌß ØßÐÀÈÒÈÍÄß ÕßÇßÐ ÄßÍÈÇÈ ÑÓÉÓÍÄÀ ÀËÖÌÈÍÈÓÌ ßÐÈÍÒÈÑÈÍÈÍ 
ÅËÅÊÒÐÎÊÈÌÉßÂÈ ÚßÙßÒÄßÍ ÞÇÖÍÖ ÀÏÀÐÌÀÑÛ 

 

Õÿçÿð äÿíèçè ñóéóíäà ìöõòÿëèô ùÿðÿêÿò ñöðÿòëÿðèíèí âÿ èñòèëèê þòöðìÿ ïàðàìåòðëÿðèíèí àëöìèíèóì ÿðèíòèñèíèí åëåêòðî-êèìéÿâè òÿñèðè, î 
÷öìëÿäÿí ñóéóí òóðøóñóíó àðòûðìàãëà âÿ àíèîíëó ñÿòùè-àêòèâ ìàääÿëÿðèí äàõèë åäèëìÿñè öñóëëàðäàí èñòèôàäÿ îëóíìàñû òÿäãèã åäèëèá. 
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Ìöÿééÿí îëóíìóøäóð êè, 2 ì/ñ — äÿê ñöðÿòèí àðòìàñû, ïèòòèíý-êîððîçèéàñûíûí äàéàíûãëûüû öúöí ÿëâåðèøëè àìèëäèð, àììà ñÿòùäÿí èñòèëèê 
þòöðìÿ ìàéå-ìåòàë ñèñòåìèíäÿ òåìïåðàòóðóí 90 îC / 140 îC — äÿê äÿéèøèëìÿñè ïàññèâ ñàùÿíèí òÿùëöêÿëè äàðàëìàñûíà ýÿòèðìèð, éÿíè íþêòÿëè-
éàðàëû êîððîçèéàíûí ÿìÿëÿ ýÿëìÿñèíÿ òÿùëöêÿ éàðàòìûð. 

 

А.Ф. Алиев 
 

ЭЛЕКТРОХИМИЧЕСКОЕ ПОВЕДЕНИE АЛЮМИНИЕВОГО СПЛАВА В КАСПИЙСКОЙ ВОДЕ ПРИ 
ДИНАМИЧЕСКИХ УСЛОВИЯХ ТЕПЛОПЕРЕДАЧИ 

 
Исследовано влияние различных скоростей движения и параметров теплопередачи на электрохимическое поведение 

алюминиевого сплава в каспийской морской воде в том числе при использовании методов предотвращения накипи подкислением 
воды и введением анионных поверхностно-активных веществ. Установлено, что увеличение скорости до 2 м/с является 
благоприятным фактором устойчивости к питтинговой коррозии, а теплопередача через поверхность при перепаде температур в 
системе жидкость-металл до 90о С / 140о С не приводит к опасному сужению пассивной области, т.е. не представляет опасности с 
точки зрения возникновения точечно-язвенной коррозии. 
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