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Abstract : The epoxy coatingson A3 steel sheets containing calcite or al uminum triphophate
(AITP) , were investigated by Eectrochemica Impedance Sectroscopy (EIS). The results
showed that calcite pigment is not an inhibitor , but an extender pigment , and that Al TP pigment
can congderably enhance the protective performance of epoxy coating. The triphogphate ion at the
interf ace between the steel substrate and the coating can complex with the corroson-product , such
asferric and ferrousions, and form a compact protective film which effectively ssparates the steel
substrate from the aggressve media.

Key words:  Hectrochemical impedance spectroscopy , Inhibitive performance, Aluminum
triphogphate, Organic coating
CLC Number: TaGi74.3 Document Code: a

1 Introduction

In 1995, the cost on corroson of metasin the United States has reached amost 300 hil-
lions per year. Inorder to reduce the lossof corroson, many protection methods have been used.
Organic coating isone of the most effective, economica and popular methods asyet. It costsover
60 percent of the cost of the totd methods ™. The various pigmentsin anticorrosve coati ngs pro-
tect the meta substrates by different mechanisms, either by creation of akaline environments, by
passvation of the active centers originating from geometrical or structura defects, by decreasng
the oxygen permeation from the environment or the iron ion diff uson through the coating , or by
buffering the formation ions, or by sacrificid metal powersin the coating!?’. A small amount of
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inhibitors can obvioudy retard corrodon, 0 inhibitors have been cond dered more and more i npor-
tant. Although the traditiona inhibitors, such aslead and chrome- based pigments, have good
i nhibitive performances, they have high toxicity too , they are strictly limited , or prohibited to use
in many countries and regions. Thus the gpplication and research of inhibitors are bound to focus
on the highly effective, multifunctional and environment-friendly inhi bitors®!.

Analyssof impedance datais commonly carried out over a wide f requency range with the aid
of Nyquist complex plane plotsor Bode plotsin order to determine the individual componentsof an
equivalent eetrical circuit modd that represents the painted metal/ slution interface. The relative
changesin the values of these components, such as paint film regstance, Ry , and capacitance,
Cyi , substrate double layer capacitance, Cq , charge-trander regstance, Ry and Warburg diff u-
don impedance, Z, , over the immerdon time history of the sample, can supply va uable mecha
nistic information on the stages involved in corroson degradation of the painted metal , as well as
providing a quantitative means of comparing the performance of different sarrples[4]. Further-
more , with the little disturbance of alternate current , the sanples can be sustained quas-stable
state and measured during a long period without being damaged'®®!. As a result , a very impor-
tant area for agpplication of ac impedance is the evaduation of the corroson behavior of polymer
coated metals. The equivalent circuit for coated stedl sheet is usualy regarded as Fig. 1.

2 Experimental

To prepare the coated electrode, the sur-
face of the A3 sted sheet (100 x 200 mm) was
abraded with 60% ,80" sand cloth in successon,
cleaned, degreased with ethanol , covered with
the coating 165 + 20 m in thickness and air
dried in ambient temperature for one week,
placed a plagtic tube (inner diameter = 90mm)
on the ocoated sheet with 704 binder , air dried.
The pigment compostion of three coated sted
sheetsarelisted in Table 1. A saturated calome
electrode and a platinum plate were used as ref-
erence and counter eectrodes, repectivey. The
wlution was made of digtilled water and NaCl
(AR) , and the concentration was 3 % (wt %) .

Impedance data were obtained by CH Instruments 604 Eectrochemical Analyzer at ambient
temperature and air-open system. Thefrequency span was 10° to 102 Hz with +20 mV ac Sgndl.

Fog.1 Equivdent circuit for coated sted sheet
Rs0: lution regstance R,f : redstance of

ocoating film C,f :capacitance of coating film
Cql : capacitance of double layer at dectro-
chemica reaction at meta/ coating interface
Rct : redstance of dectrochemicd reaction at

metal/ coating interface



- 128 - 2001

Tab.1 The pigment compostion of three coated sted sheets

Sample pigment Compostion

Blank Titanium dioxide

Cdcite Cdcite + titanium dioxide

AITP Aluminum triphophate + titanium dioxide

3 Resultsand Discussions
3.1 Deterioration processes of various samples

3.1.1 Deterioration process of blank zample

The EiS giectrafor Blank sample are presented in Fig. 2. The coating red stance was 1. 8 x
10’Q - cm? cfter the sample was immersed for one week. It indicates that the amount of the agr
gressve media reaching the interface between the steel substrate and the organic coating through
the pinholes is gill smal at the initiad stage of immerson, and the steedl substrate is protected
well. The EIS gectrum shows two time constants ater the sanmple was immersed for eleven
days, namely , a smicircle and a large deviated semicircle. It is probably because the aggressve
media on the interface are continuoudy accumulated with immerson time, and the corroson on
the stedl substrate becomes more serious. Then, the coating red stances were fluctuant and dight-
ly reduced (at the same order of magnitude) because of the auto-repairing action”!”!. The devi-
ated semicircle at the lower frequencies was changed into a semicircle after the sample was inr
mersed for fifty-four days, and the coating resstance further decreased to 2.5 x 10°Q - cm?. It in-
dicatesthat the swell and degradation of the organic coating are more serious, the adheson be
tween the sted substrate and the organic coating is obvioudy reduced because the volume of the
corrosorrproduct islarger than that of the sted itsalf , then the coating is delaminated , and the
aggressve media can eadly arrive the interface, s the corroson is accelerated.

3.1.2 Deterioration process of calcite sample

The EIS pectrafor Cacite sample are presented in Fig. 3. (a) The coating res stance was
1.5x10'Q-cm? ater the sample was immersed for one week. Thus, the steel substrate ispro-
tected well by the coating at this stage. (b) The EIS ectrum showstwo time constants after the
sample was immersed for twenty-three days, and atypical semicircle at the lower frequencies a ter
fifty-three days. It isprobably because the amount of the aggressve media increases with immer-
gon time, and the corrodon of the stedl substrate is more serious. Conpared Fig 2 with Fig 3, it
can be sen that the EIS repponsesof Calcite sample and Blank sample are very smilar , i.e. , (a)
and (b).
3.1.3 Deterioration process of AITP sample

The EIS gectrafor Al TP sample are presented in Fig. 4. The coating red stance was 5. 0 x
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10°Q - cm? ater the sample was immersed for one week and subsequently decreased with time.
However , it was ater several immerson weeks when the coating red stance began to rise and star
bilized at 4 5% 10'Q - cm?for aperiod of time. The coating resistance remained 3.5 x 10'Q - cm?
even at the 94th day. The probable reaons are asfollows: active functional groupsof Al TP make
themselvescombine well with the epoxy redn. This resultsin that the coating with Al TP can
form more compact film. S the aggressve media are more difficult to reach the coating/ stedl in-
terface through the coating of the Al TP sample than that of the Blank or Cacite sample. Asthe
immerdon time increases, the coating swells with more and more aggressve media, the coating
red stance decreases, and the corroson on the sted substrate is accelerated. The accumulation of
the aluminum triphosphate arrives at a certain quantity very soon. Triphosphate ion can complex
with the corrogon-product , such asferric and ferrousions. A compact protective film forms on
the surface of the sted , © the sted substrate is sgparated from the aggressve media. The coating
res ¢ance ascends at beginning, then, remains stable for a very long time. Subsequently , because
of the degradation of the coating and the arrival of large amount of aggressve mediaon the surface
of the protectivefilm, the protectivefilmis damaged. At the same time, the damaged film can be
repaired by the® auto-repairing action” of aluminum triphogphate. These two processs exist s-
multaneoudy and compete with each other on the surface of the sted substrate. In the end, the
corroson process is gradually predominant. The coating red stance dowly decreases, but the de-
scent is dower than those of the Blank and Calcite sanples. It is3.5 x 10’Q - cm? even &ter nine
ty-four days of exposure to 3 % NaCl solution.

3.2 \Variations of coating resistance in deterioration process

It iswell known that the coating cannot protect the steel substrate well when the coating re-
dstanceislessthan 1.0 x 10’Q - cm?. The variations of coating resstance with immersion time
are compared in Fig. 5. The ooating res stances of the Blank sample and the Calcite sample were
only alittle more than 1.0 x 10’Q - cm? at theiinitia stage, but became lessthan 1.0x 10°Q - cm?
ater twenty-three days. During the whole measurement period , the coating res stance of the Cal-
cite sample was amost equa to that of the Blank sample, suggesting that cacite pigment has no
inhibitive performance.

However , the Al TP was not the case. The ooating redstance of the Al TP sample was much
larger than those of the Blank and Cacite samples during the whole period of measurement. It
even rose ater severa immerson weeks and stabilized at 4 5% 10’Q - cm?for a very long time,
then decreased dowly , but still remained higher than 1.0 % 10'Q - cm’ at the 94th day. There
fore, AITPisa good inhibitor.
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4 Conclusions

Fg.5 Variations of coating resstance with immer-
don time

(a) Cdciteisnot aninhibitor, but an extender pigment in the epoxy coatings.

(b) The aluminum triphosphate that is an active pigment can consderably enhance the pro-
tective performance of the gpoxy coatings. The triphogphate ion at the interface between the sted
and the coating can complex with the corroson-product , such asferric and ferrousions, and form
a compact protective film that sgparates efectively the stedl substrate from the aggressve media.
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