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ABSTRACT 
Electrochemical measurements ( steady-stale current-voltage curves) were coupled 

with Mossbauer .spectroscopy techniques to investigate the corrosion of carbon steel in 
diluted ammoniacal media. The corrosion current for carbon steel in diluted ammoniacal 
media was determined from galvanostatic measurements, through extrapolation of the Tafel 
segments at the corrosion potential. Mossbauer measurements were pe1formed at room 
temperature in the transmission (TMS) and conversion electron spectroscopy (CEMS) using a 
conventional cons/ant-accelerating spectrometer with a 57 Co-Rh source. The result of the 
corrosion is the layer appearance (nonstoichiometric iron oxide) on the sample swface. 
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RESUMO 

A co"osiio do a~o de carbono em meio amoniacal diluido Joi 
estudada usando tecnicas de espectroscopia Mossbauer acoplada com 
medidas eletroquimicas (curvas potencial-corrente).A corrente de 
corrosiio do a~o carbono em meio amoniacal diluido f oi determinada 
com medidas galvanoestaticas , exJrapolando os segmentos de Tafel no 
potencial de corrosdo. As medidas Mossbauer foram efetuadas a 
temperatura ambiente com espectroscopia eletronica de transmissiio e 
conversdo (EMT e EMCE) usando um espectrometro convencional 
com acelerariio constante e uma Jonte de 57 Co-Rh. 0 resultado da 
corrosiio e o aparecimento de uma camada (oxido de ferro niio­
estequiometrico) na superficie da amostra. 

p ALA VRAS CHA VE: a~o de carbono, meio amoniacal, corrosiio, 
espectroscopia Mossbauer 
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Industrial and residual waters contammg anunonia/ammonium have been long 
neglected by researchers, as these were considered inoffensive to the environment and 
regarding the corrosion they exercise on the pipes used in cooling circuits especially in the 
ammonium-based fertilizers industry. 

Recent research has demonstrated that waters containing ammonia/ammonium have 
negative actions on the environment concerning over-fe11ilization of surface waters resulting 
in the multiplication of the inferior organisms, e.g. phytoplankton and algae, in the toxic 
action on the live organisms in waters and in the destruction of oxygen through nitrification.1.2 

The corrosion action of the ammoniacal solutions is associated with the nitrification of 
the ammonium in tow stages: first as a nitrite and then as a nitrate. The first stage is achieved 
by the Nitrosomonas bact1..ria that oxydate the ammonium ion. At the second stage, the nitrite 
is turned into nitrate in presence of Nitrobacter bacteria. 

The first stage is very slow, but the second is relatively fast. This is why only residual 
concentrations of nitrite can be found. There have been many studies on the ammonium 
recovery from water through chemical procedures3

.4 or through biological purification.5
·
6 The 

processes of corrosion or of inhibition can be studied by associating electrochemical 
measurements with analytical tehniques.7 

The aim or the present study is to investigate the carbon steel corrosion in diluted 
ammoniacal media by using electrochemical measurements. 

ln the carbon steel fabrication, no significant differences appear in the composition of 
different ingots, and this is why the corrosion rates do not differ under the same given 
conditions. 

The variation in the ratio propor1ion of carbon manganese and silicon (elements that 
condition the value of the mechanic characteristics) does not influence the sens itivity to the 
corrosi\'e action too much. Nevertheless, an increase in the ratio of these elements leads to 
some decrease in the sensitivity to the corrosive action, which is not the case with carbon 
steel. In the corrosion processes. the common carbon steels liberate a very small quantity of 
hydrogen. Tn the representative corrosion processes water appears as a solubilization agent, as 
a reactant and as favoring the ionic conductivity of the surface layer, a conductibility 
necessary to the transfer of ferrous ions.8•

9 

The basic/alkaline media determine the start of punctiforrn corrosion process and its 
development in the classic way of the electrochemical corrosion. 

Experimental details 
The samples chosen for this investigation was carbon steel with the following 

composition: C = 0.35%, Mn = 0.65%, Si = 0.25%, S = 0.035% and the remainder iron up to 
I 00%. For all experiments the samples were polished, cleaned in water, degreased in ethilic 
alcohol and dried in warm air. 

The corrosion medium was produced from anunoniacal solutions that contained: 
10-3 N NI 13 and different concentrations of Nll4CJ and Nl-:14N03. The investigation has been 
done at a temperature of 25°C, whi le the corrosive medium has been kept in contact with air. 
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Electrochemical measurements 
A standard corrosion cell was used to study polarization. The working electrode was a 

carbon steel plate with an area of 4 cni2. A calomel-saturated electrode was used as a 
reference electrode and the auxiliary electrode was a carbon steel plate identical to that of the 
working electrode. The galvanostatic measurements were made by using a continuos cuITent 
supply in the circuit, a variable resistance, a miliampermetre and a milivoltmetre. Data were 
computerized. 

RES UL TS AND DISCUSSION 
We have studied the corrosion process of the carbon steel in diluted arnmoniacal 

solutions, which contain dissolved ammonia and different concentrations of ammonium 
chloride and ammonium 111.rate. 

The study of the carbon steel corrosion in diluted ammoniacal waters containing er 
anion 

The anodic polarization curves in stationary conditions for the carbon steel sample in 
ammoniacal solutions containing 10·3 N NH3 and different concentrations of NH4CJ are 
presented in figure 1. 
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Figure 1. Tlte anodic polarization curves for carbon steel in ammoniacal solutions 
containing different concentrations of NH4CI, suclt as: (1) 10·3 M; (2) 3 x 10·3 M; 
(3) 5 x J(f3 M. 
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ft can be observed that while the concentration of NH4CI increases, the anodic 
over-voltage decreases. Steel is active and dissolves after a Tafe l-type slope ba at 41 ±6 m V. 

The cathodic polarization curves are presented in figure 2 . The supplementary 
cathod ic polarization leads to an increase in the linear segments from 33.3 mV to 43.3 mV for 
a NI I4C I concentration o f 10-3 M. A lso an increase in the NH4CI concentration is concurrent 
with the increase in tre cathodic over-voltage (fi gure 2). 
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Figure 2. The cathodic polarization curves for carbon steel in ammoniacal solutions 
co11tai11ing differeut co11ce11tratio11s of NH4CI such as: (1) 10-3 M; (2) 3 x 10-3 M; 
(3) 5 x 10-3 M. 

The presence of Cr anion in the arnmoniacal solution slightly decreases the pH value. while 
no spontaneous passivation of the metal surface can be observed. The polarization curve 
E = f(I) in fi gure 3 proves that steel is active in the current density field under study, between 
15 mA/dm2 and 800 mA/dm2

. 
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Figure 3. Tlte polarization curve of carbon steel in tlte solution containing 10-3 N NH3 and 
5 x 10-3 M NH-1CI. 

For the determination of the corrosion current the anodic and cathodic polarization 
curves have been drawn for a sample of carbon steel in arnmoniacal solution containing 
I 0·3 N NI l3 and I 0·3 M NH4Cl for potentials far apart from the corrosion potential (figure 4). 
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Figure 4. Tile anodic and catltodic polarization curves for carbon steel in ammoniacal 
solution containing 10-3 N NH3 and 10-3 M NH4CI. 
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By extrapolation of the linear segments at y = 0 the corrosion current has been determined. 
The results are presented in Table 1. 

Table 1. The corrosion current for carbon steel in ammo11iacal solution containing J(f
3 N 

Nlh and 10-3 M N H-1CI. 

From anodic From cathodic From anodic + 
cathodic 

Icor (mA/dn/) 8.87 3.32 4.31 

The corrosion currents resulting from extrapolation of Tafel segments on the last part 
o r the curves for different NH.1C l concentration are presented in Table 2 . 

Table 2. The electrochemical parameters of the carbon steel sample in solution containing 
I 0-3 N NH3 and different NH4CI concentrations. 

Cone. NH.iCI (mol/L) I 04 10-j 3 x 10-j 5 x 10-j 

Ecor (m V) 126 90 37 33 
lcoranodic (mA/dml) 1.7 12.8 33 47 

l curCa th od ic 
6.5 17 50 59 

(mA/dm2
) 

lcoranodic + cathodic 
5 13 47 57 

(mA/dm2
) 

For the solution contammg I 0-3 M NH.1C l at cunent densities higher than 
I 00 mA/dm2

, it can be observed an increase of the corrosion curTent from 4.3 mA/dm2 to 
13 mA/dn/, which shows that while the current densities increase, the electrode swface 
changes, the metal dissolves. Also compounds are formed such as Fe(OH)3, which precipitate 
in the solution and from non-adherent, porous and non-uniform layers on the metal surface, 
under which the corrosion process continues. 

The cathodic reduction of the so lvent requires a higher over-voltage for decreasing 
NI L1Cl concentrations. The cathodic process is also determined by the total transfer of all 
compounds reduced cathodically (02, NII/ and H30 +) 

The study of the carbon steel corrosion in diluted ammoniacal waters containing N03-

anion 
The anodic and cathodic polarization curves are presented in figure 5. The corrosion 

process is spontaneous, whi le the N03- anion has hard ly any influence on the solution pll. If 
experimenta ll y the conditions created for the achievement of conosion can differ from the 
real coITosion conditions, the dissolving of steel was inhibited by the presence of N03- anions. 
The solution pII at the level of the corrosive spot increases with the NH4C I solution, leading 
to a slow down in the rate of di ssolution. The development of the corrosive spot is evidently 
inhibited by N03- anion or is a combined effect resulting from the synergetic action of the 
ammonium with N03-. 
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Figure 5 Tlte polarization curves for carbon steel i11 J(f
3 N ammoniacal solution co11tai11i11g 

different NH4N03 co11ce11tratio11s: (1) 10-3 M; (2) 3 x 10-3 M; (3) 5 x 10-3 M. 

At low current densities the curve presents a signifi cant leap from the corrosion potential to a 
potential of 600 mV, aft.er which the process proceeds slowly (figure 6), with metal dissolv ing 
a fter a Tafel-type curve ba at 43±10 mV. 
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Figure 6. Tlte polarization curves for carbon steel in ammoniacal solution containing 
J(J3 N NH3 and3x10-3 M NH;tN03. 
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The cathodic process proceeds with depolarization of N H/ , 0 2 and of the solvent at 
cathodic over-vo ltages increases concurrent with the increases in N 0 3- concentration. 

The corrosion currents were determined from the anodic and cathodic Tafe l segments 
for the final portions of the polarization curves. Data are presented in Table 3. 

Table 3. Tlte electroc/1emical parameters for tlte carbon steel sample in ammoniacal 
solution 10-3 N NH3 and different NH.tN01 concentrations. 

Cone. NH.iN03 (mol/L) i o-"' 3 x 10-.; 5 x 10-j 

E cor (mV) 138 12 8 132 ,____ 
Iroranodic {mA/dm~) 0.09 0.3 1 0.75 

lcorcathodic (mA/dmi) 5.8 3.79 5.7 
l c0 ,.anodic + cathodic 

2.03 1.46 2 .65 
(mA/dm2

) 

Irrespective of the N0 3- concentration, the corros ion currents have very c lose values, which 
confirms the passivant role of the anion at current densities higher than 2 m N dm2

. The 
corros ion currents are s ignificantly sm aller than in so lutions containing N II4C I and have 
higher va lues than in solutions containing only di ssolved ammonium. 

Mossbauer spectroscopy was performed at room temperature in the transsmision 
( rMS) and conversion electron spectroscopy (CEMS) using a constant accelerating 
spectrometer with a 57Co-Rh source. 

In figures 7 and 8 are presented the T MS and CEMS spectra of reference sample 
before corrosio n processes. T he best fi tting of the TMS spectrum shows the p resence of single 

sextet. T he parameters of this singlet are practic lly the same as for a -Fe samp le. The CEMS 
spectrum shows the presence of a.-Fe. 10 
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Figure 7. Transmission Mossbauer of tlte reference sample. 
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Figure 8. Con version electron Mossbauer spectrum of an uncorroded sample. 
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The CEMS spectra of the sample con-oded in 5 x 10-3 M NH4N03 and 5 x I 0·3 M 
Nl I4CI solutions are showed in figures 9 and 10. 
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Figure 9. CEMS spectrum of corroded sample in a 5 x 10·3 M NH~03 solution. 
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Figure 10. CEMS spectrum of corroded sample in a 5 x I 0·3 M NH4CI solution. 

The best fit of the CEMS spectra uses an addition w ide line to the sextet. The 
parameters of the wide line correspond to an nonstoichiometric oxide. In all CEMS spectra 
intensities of the second and fifth peaks of the a -Fe spectrum w ith regard to the third and 
fourth peaks shows that the direction of the y-ray and magnetic moments are nearly 

d. 1 11 perpen icu a r. 
There is a magnetical anisotropy on the surface of the samples. The result of the 

corrosion is the layer appearance (nonstoichiometric iron oxide) on the samples surface . rhe 
layer tickness increases for the corroded sample in NH4C I solution regard to in NH4N03 

so lution. 

CONCLUSIONS 
The corrosion of carbon steel in diluted ammoniacal media comes from current 

densit ies ranging between 15 mA/dm2 and 800 mN dm2
. The process becomes significant 

from densities of 130 mA/dm2
. Steel is active and di ssolves aner a Tafel slope ba of 

4 1±6 mV. 
The cathodic process proceeds wi th a depolarization of 0 2, NH/, H30 t and of the 

solvent with slopes varying from 33.3 mV to 43.3 mV. 
The corrosion current increases with the increase in the N II4CI concentration . No 

metal passivation was observed during the corrosion process. 
The products precipitate in solution and do not form adherent and uniform layers 

under which corrosion continues. 
The corrosion process of carbon steel in a mmonium solutions containing N03-

procceds spontaneous ly at low current dens ities, the polarization curves presenting a 
significant s lope. Current densiti es higher than 2 m A/dm2 retards the process because o f the 
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passivant action of N03- or because of a combined effect resulting from the synergistic action 
of the ammonium wit N03-. 

The corrosion currents are significantly smaller than in solutions conta ining Nll4CI, 
but higher than in waters containing only dissolved ammonium. Irrespective of the NH4N03 
concentration they have very close values, which proves that the development of the corrosion 
spot is inhibited by the N03- anion. The cathodic process proceeds with the depolarization of 
the solvent, 0 2 and NH/ at a Tafel slope of 32.5 mV. 

Mossbaucr spectroscopy shows the presence of the nonstoichiometric iron oxide layer 
on the samples surface. The layer tickness increases for a corroded sample in N H4Cl solution 
regard to the corroded sample in N H4N03 solution. 
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