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Corrosion inhibition of iron in hydrochloric
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Abstract: The corrosion protection and/or adsorption of polyacrylamide (PAA) of
number average molecular weight, M n, between 15,000 — 1,350,000 g mol-' on
mild steel and iron (99.99 % Fe) in 3 M HCI at room temperature was studied using
spectrophotometry (the phenanthroline method), the weight loss method and EIS
(Electrochemical Impedance Spectroscopy). It was found that the corrosion protect-
tion efficiency of the PAA — adsorbed layers strongly depends on both the molar
concentration of PAA in the solution and its molecular weight, reaching limiting
values between 85 and 96 %. Simultaneously, it was also concluded that a relatively
high surface coverage could be obtained with very low PAA concentrations
(0.5 — 2 ppm), indicating the good adsorption characteristics of PAA on mild steel
and iron in hydrochloride acid. The experimentally obtained results follow a Lan-
gmuir adsorption isotherm. According to the best fitting parameters, the adsorption
coefficient B ranged between 2x107 and 4x 108 mol! and depended strongly on the
molecular weight of the PAA: B=kM n (for o0~ 0.67 and k = 2.95x10%) or the size
of the polymer coil. As was found by EIS, the thickness of the adsorbed PAA layer
was approx. 1.1 nm (for & = 15) and corresponded only to the polymer segments
attached to the metal surface. On the other hand, as was found by ellipsometry, the
limiting layer of the adsorbed PAA molecules was highly voluminous and relatively
thick (100 — 200 nm), containing entangled polymer coils.

Keywords: mild steel, corrosion inhibition, polyacrylamide, electrochemical impe-
dance spectroscopy, adsorption isotherm.

INTRODUCTION

The adsorption of macromolecules at the solid/solution interface differs in
many respects from that of small molecules.! For example:
i) segments may be “adsorbed” although they are not in direct contact with
the surface, i.e., as loops or tails rather than trains;
ii) the nature of the adsorption isotherm differs, i.e., polymer adsorption
leads in general to high affinity isotherms;
iii) the polydispersity of polymers affects the adsorption;
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iv) the adsorption rates are much slower, particularly in the case of higher

polydispersity.

It has been observed that a very small amount of certain water soluble poly-
mers, which are effective as flocculating agents, are extremely effective in inhi-
bitting corrosion of ferrous materials in contact with water. Thus, it was found that
such polymers in an amount ranging from 5x107° to 2 wt. % remove the products
of corrosion formed prior to treatment and effectively prevent further corrosion.2

Therefore, it was of interest to explain the specifity of adsorption of macro-
molecules and to study their conformational behavior in solution, especially at
the metal/solution interface.34 It was shown that using a statistical-mechanical
treatment it is possible to estimate the number of conformations during the adsor-
ption of polymer molecules.>~7

Previous work on this subject was focused on the conformational behavior of
polyacrylamide (PAA) adsorbed on silver and titanium.® As shown by el-
lipsometry, the chemisorption of PAA on a bare silver surface is more pronoun-
ced compared with that on a Ti/TiO; interface. The presence of PAA in boric—
borate buffer, pH 8.4, mostly inhibits the processes in the active region of passi-
vetion of iron.8 These results show that PAA adsorbs mainly on the bare active
metal surface.

Double-layer capacitance measurements of the metal/solution interface can
give valuable additional information about the adsorption of polymers. An att-
empt to correlate the adsorption and/or inhibition characteristics of polyacryl-
amide with various molecular weights on iron from acidic solutions of HCI (a
very important industrial process for the removal of scales from steel surfaces)
with its conformational behavior in solution® was made in this study.

EXPERIMENTAL

The corrosion protection efficiency of PAA was followed on mild steel coupons
(70 mmX15 mmx2 mm) (0.1 % C, 0.012 % S, 0.015 % P, 0.01 % Si, 0.4 % Mn and 0.07 % Cu) in
3 M HCI at room temperature using the weight loss method and the spectroscopic phenanthroline
method at 508 nm for the determination of the Fe(II)-ion concentration in the solution. The duration
of the corrosion tests was 5 hours.

The impedance measurements for iron in 3 M HCI at the corrosion potential (E =-250 £
10 mV/SHE) were carried out in the frequency range from 100 kHz to 10 mHz (with an a.c. signal
of 5mV). An iron rod (99.99 % Fe; 0.18 cm2) mounted in a Teflon holder and platinum foil
(10 cm?) were used as the working electrode and auxiliary electrode, respectively. The potentials
were measured versus saturated calomel electrode and are referred to the standard hydrogen elec-
trode (SHE). The aqueous solutions of 3 M HCI were prepared from 36 wt % HCI (p.a., Merck)
and redistilled water (x <2x107 Scm-1). PAA was obtained by the redox-initiated polymerization of
acrylamide. Six fractions of PAA with molecular weights from 15,000 to 1,350,000 g mol! were
used in this study. The polydispersity index of the employed PAA samples ranged from 1.2 to 1.35.

The experimental results were fitted using the Boukamp program. !
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RESULTS
Spectrophotometric and gravimetric measurements

As it was stated in the Experimental, the rate of corrosion of mild steel in
3 M HCI was following by spectrophotometry and weight loss measurements.
PAA with molecular weights from 15,000 to 1,350,000 g mol-! and concentra-
tions from 0.2 to 100 ppm in the solution were used as the corrosion inhibitors.
Using the obtained experimental results, the protection efficiency coefficient,
Mprot> Was calculated by means of Eqs. 1 and 2. It should be noted that the assum-
ption 7pror. = @ (where @is the relative surface coverage with adsorbed PAA mo-
lecules or segments), usually used for the adsorption of organic molecules at a
metal/solution interface,!! was made in the present case as well:

Nprot. = 6 = (Am-Am°) / Am (1)

where Am and Am¢ represent the weight loss of the steel coupons (mg cm2) in
the absence or in the presence of PAA (with the concentration Cpaa in
mol dm=3), respectively.

Using the spectrophotometric results for the concentration of Fe(Il)-ions in
the solution, the corrosion protection efficiency of PAA, or surface coverage (6)
of the steel surface with adsorbed PAA-molecules (or segments) was calculated
by means the equation:

0 0
Mprot. = € = (CFe(iry — CEe(in)) / CFe(in) )

where Cge(ll) and Cge(ll) represent the concentration of Fe(II)-ions in the solution
after the corrosion test (g cm=3) in the absence and in the presence of PAA of
concentration ¢ (mol dm3), respectively.

It should be mentioned that both methods showed fairly good agreement as
far as the protection efficiency of PAA is concerned. The experimentally obtai-
ned results are presented in Fig. 1, from which it can be seen that the surface co-
verage of the steel surface (6) or the corrosion protection efficiency of PAA ads-
orbed layer depends both on the concentration of PAA in the solution and its mo-
lecular weight, reaching limiting values between 0.85 and 0.96. Simultaneously,
it can be concluded that a relatively high value of & can be obtained using very
low PAA concentrations (0.5 —2 ppm), indicating the very good adsorption
characteristics of PAA onto mild steel in aqueous solutions of HCl. As it was
shown in previous papers,%12:13 PAA and/or poly(acrylic acid) are better anodic
inhibitors than cathodic ones. The adsorbed polymer layers which inhibit the cor-
rosion process are relatively thick, 100 — 250 nm, and highly voluminous, con-
taining a small amount of solid material (approx. 1 wt. %).

The presented results in Fig. 1 are in good accordance with a Langmuir ad-
sorption isotherm:
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6/ (1-6)=Bc 3)
where B is the adsorption coefficient (mol-!) and c is the concentration of PAA
(mol dm~3) in the solution.
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Fig. 1. Adsorption isotherms for PAA from 3 M HCI on mild steel at 293 K.

The best fitting parameters of the obtained experimental results are presented
in Table 1.

TABLE 1. Best fitting parameters for the adsorption of PAA on mild steel from 3 M HCI at 293 K;
using a Langmuir adsorption isotherm

M/ gmol! B/ mol-! ~AG® / kI mol-! r
15,000 2.0x107 50.74 0.978
85,000 6.25x107 53.51 0.987

200,000 9.8x107 54.61 0.995
600,000 2.4x108 56.80 0.992
1, 350,000 4.1x108 58.09 0.997

The values of AG® were calculated using the equation:12
—AG® =RT In (55.5B) (Jmol ™) 4)
where 55.5 is the concentration of water (mol dm ) in the solution.

It can be concluded that the adsorption coefficient B and AG® depend on the
molecular weight of the PAA and follow the empirical Equation:14

B=k Mn (foro=0.67and k=2.95x104) (5)
The same type of empirical Equations describe the relationship between the
molecular weight of a polymer and its dilute solution viscosity (7),!5 between the

adsorbed quantity of the polymer (m)!¢ and the radius of gyration of the polymer
coil in the solution (Rg).?
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Electrochemical Impedance Spectroscopy (EIS) study

The adsorption and/or corrosion protection efficiency of PAA on iron from
3 M HCI at room temperature was examined using Electrochemical Impedance
Spectroscopy (EIS) at the corrosion potential in the frequency range from
100 mHz to 100 kHz with a.c. signal of 5 mV. These experiments were per-
formed for several molecular weights of PAA (from 15,000 to 1,500,000 g mol-1),
usually in the concentration range of PAA from 0.5 to 200 ppm.

Analyzing the obtained Bode plots (log Z —1log f and ¢ —log f) for PAA ad-
sorption on iron presented in Fig. 2, the following can be concluded:

i) The logZ—logf and @—logf dependences indicate the existence of
three main regions. In the first one, at high frequencies (from 25 — 100 kHz), the
measured impedance (Z) of approx. 2 Q or 0.34 Q cm2, as well as the phase
angle (up to 5 degree) are very low, corresponding to an ohmic resistance of the
electrolytic solution (3 M HCI) between the working and the reference electrode.

10 K"
B XX
X XXt > OOOQQQQQ%QQQE%\ 80
X L=E 77 50000030 N 1
x)( 2 OOOO Oo\b\o\(\j
e I 700000, %2 f
QY 0 O (e 60 !
oF% Q% X\ O\\ Q O\ °
s (?/(5 ‘. X% 2 O\ o} =%
' fo) /(5 o \Q \
100 B XNY 100 ppm SOy T
G B 0 PP o Lo 40
N }jp b \\\'. \\ -_
g 05 o W\
X :
10 s 9 oo 20
& o I
0 ° '%_..\
e O'0 00
t'-!@‘-“)!j 0
1 10 100 1k 10k 100 k
f, Hz --+~

Fig. 2. Bode plots for the adsorption of PAA ( I\Wn = 15,000 g mol-!) on iron (A =0.18 cm?)
from 3 M HCI at room temperature and the corrosion potential.

i) The second region (from ~ 8 kHz to 20 Hz) shows a linear log Z — log f
dependence with a slope, d(log Z)/d(log f), ranging from 0.84 to 0.944 and phase
angles between 65 and 82 (non-ideal condenser), depending on the concentration
of PAA in the solution and corresponding to the capacitance of the iron/solution
interface (in the absence or in the presence of PAA in the solution).

iii) At low frequencies (from 5 Hz to 100 mHz) the measured impedances Z are
practically again not influenced by the frequency accompanied with an abrupt
decrease of the phase angle (¢ — 0). Thus, the measured impedances in this region
corresponds to the sum of charge transfer and electrolytic resistance (Z = R¢t + Rg)).

Evidently, regions 1 and 3 show typical ohmic behavior with Z; =R and
Z3 = R¢t +Rg|, respectively. As far as the second region is concerned (linear
log Z—log f dependences), the impedance for a non-ideal condenser can be re-
presented as:
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Z=1Q (j o" (6)
and for an ideal condenser (n = 1) as:
Z=1/Cqi (] @) (7

where Cy is a capacitance of the electrochemical double layer.

The Fe/3 M HCl-interface is presented in Fig. 3, without (case a) and with
PAA in the solution (case b), respectively. The simple equivalent electric circuit
(R(QR)) can be used in two cases:

i) For impedance characterization of the Fe/3 M HCl-interface, by determi-
nation of R¢t (or jeorr = (RT/ZF)(1/Rt)) and the values of Q and n(CPE) in the
absence of PAA in the solution.

i) For impedance characterization of the Fe/adsorbed polymer la-
yer/3 M HC1 (6> 0.7) with PAA in the solution, which form a compact and
stable inhibition layer on the metal surface, Figs. 4 and 5.

R(QR)-EEC

Q. n
[ CPE]

\/\N\' Rct N
WV

Cd/ - Q1/n

(inner Helmholtz layer)

R{Q[R(QR)]} - EEC

Fig. 3. Schematic representation
of the Fe/HCI interface in the
CPE (1) and R’ - for “free” metal surface (1-6)

l,‘_l‘f”‘ CPE (2) and R - for “covered” part of metal surface absence (a) and in the presence
with ads. PAA (6) (b) of PAA in the solution.

On the other hand, the more complex EEC — R{Q[R(QR)]} takes into ac-
count a parallel existence of covered parts of iron surface (0.1 <@ < 0.7) with ad-
sorbed PAA molecules or segments and uncovered parts of the metallic surface
(1-6) which are in direct contact with the electrolyte. In this case, the experi-




CORROSION INHIBITION OF IRON 693

mentally obtained impedance results should indicate the existence of two RC
constants (Q(R¢t; and QoR¢tp) or two relaxation times (77 = 1/C1R¢¢1 and
7 = 1/CyR¢2), Figs. 6 and 7.

Zre103, Q -

Fig. 4. Experimental (O; LJ; A; O;@®) and theoretical (—) Nyquist plots for 0, 0.5, 2, 10 and 100
ppm PAA (15,000 g mol™") adsorption on iron (A = 0.18 cm®) from 3 M HCI at
room temperature using R(QR) EEC.

Fig. 5. Experimental (@;C];l;A;%;0) and theoretical (—) Nyquist plots for 0, 0.5, 1, 2, 5 and
100 ppm PAA (600,000 g mol™) adsorption on iron (A = 0.18 cm?) from 3 M HCl at
room temperature using R(QR) EEC.

The best fitting parameters for PAA adsorption on iron from 3 M HCI at the
corrosion potential and room temperature were obtained using the impedance
data and the Boukamp program.!0 The results are presented in Tables II and III.
These data indicate the following:

i) The values of Q (or C) are strongly influenced by the PAA concentration
in the solution and/or by the coverage of the metal surface (€) with adsorbed
PAA molecules (segments).!” The limiting values of Q (or C) for 8 — 1 are
=26 QO ls"em2 or = 12 pF cm 2 (for n = 0.945) and they were found to be sli-
ghtly influenced by the molecular weight of the PAA. According to the two-con-
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denser model (8= (C9=0-C0) /(CI=0_CO=1)), the limiting values of & (for
Cpaa — o) in these cases should be between 0.91 and 0.95.

ii) The obtained values of the charge transfer resistance (R¢¢) strongly incre-
ase in the presence of PAA in the solution, clearly indicating a significant in-
hibition of the corrosion process. In the absence of PAA in the solution,
Ret = 150 Q cm? corresponding to jeorr = 84 HA cm™2, which in a very good
agreement with literature data for corrosion rate of iron in 3 M HC1.!8 The limit-
ing value of R in the present cases were ~1800 Q cm? and ~ 2200 Q cm? for
15,000 g mol~! and 600,000 g mol-! PAA, respectively, indicating again the high
degree of coverage 6 of the metallic surface (6 > 0.9).

iii) The value of exponent n (degree of surface homogeneity) also increases
in the presence of PAA adsorbed at the metal surface by decreasing its micro in-
homogeneity.

10k
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Fig. 6. Experimental and theoretical Bode plots for PAA (600,000 g mol™'; 0.5 ppm) adsorption on
iron (A = 0.18 cm?) from 3 M HCl at room temperature; --- R(QR) EEC and — R{Q[R(QR)]} EEC.

ZRe'1031 Q —e

Fig. 7. Experimental and theoretical Nyquist plots for PAA (600,000 g mol™; 0.5 ppm) adsorption on
iron (A = 0.18 cm?) from 3 M HCl at room temperature;--- R(QR) EEC and — R{Q[R(QR)]} EEC.
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TABLE 1I. Best fitting parameters for the adsorption of PAA (15,000 gmol™) on iron from
3 M HCI at the corrosion potential; 293 K

Elements of EEC Craa /ppm
EEC 0 05 1.0 20 5.0 100 200 100.0 200.0
Re/ Q cm? 034 031 030 031 031 031 032 032 032
g Qx10%/ Q1 shem? 2206 83.6 599 47.0 407 351 310 273 253
& n 0.840 0.883 0.905 0.919  0.928 0.936 0.942  0.943 0.944
Ry / Q cm? 151 618 906 1125 1302 1471 1633 1793 1894
R,/ Q cm? 036 034 035 034 035 048 036 037
. Qpx109/Qrlstem? 240 203 174 170 134 109 11.1 85
=z n, o1 1 1 0998 1 1
% R,/ Q cm? 31.7 419 47.0 2.3x10'6 437 25x1071° 51.8 31.5
§ Q,x10%/ Q1 s" em2 131.7 89.2 60.6 66.8 404 342 299 288
~ n, 0.706 0.715 0.743  0.652 0.768 0.791  0.775 0.790
Ry / Q cm? 648 952 1157 1482 1511 1737 1836 1980

TABLE III. Best fitting parameters for the adsorption of PAA (600,000 g mol™) on iron from
3 M HCI at the corrosion potential; 293 K

Elements of EEC Craa/ppm
EEC 0 0.5 1.0 20 50 100 200 100.0
Rel/ Q cm? 0.34 0.30 0.31 030 031 030 032 032
g Qx10°/ Qlsm cm? 2206  85.6 44.4 414 361 322 300 289
= n 0.840  0.887 0930  0.930 0.938 0.945 0.944 0.943
Ret/ Q cm? 151 450 1152 1503 1710 1980 2088 2160
R,/ Q cm2 0.35 0.38 034 034 034 035 035
- Qx10%/ Qlsnem? 20.6 9.6 157 151 140 134 141
g n 1 0.990 1 1 1 1 1
= R,/ Q cm? 21.8  22x10° 405 43.6 427 472 617
O Q,x10g/ Q's" em2 176.1  81.7 528 422 361 299 28.8
~ n, 0.681  0.690 0.735 0.747 0.755 0.733 0.758
R;/Q cm? 497 1413 1586 1795 2034 2151 2205
DISCUSSION

As was shown by the EIS measurements of the Fe/3 M HCI (PAA) interface,
Tables II and III, the value of the minimum capacitance depends mainly on the
concentration and molecular weight of the polymer. On the other hand, it was
also confirmed that the limiting value of the minimum capacitance (12 uF cm2
for 8=1) and the effective thickness of the adsorbed layer (1.1 £ 0.05 nm; for
& = 15) are insignificantly affected by the molecular weight of the polymer.
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In accordance with these statements, it follows that impedance measurements
are not sufficient for the determination of the surface concentration (mol cm=2) of
the polymer adsorbed at the metal surface (or the surface area occupied by each
adsorbed PAA molecule, opa s / nm?), nor the thickness of the adsorbed layer.

However, assuming the same conformations for polymer coil in the solution
and in the adsorbed state at the metal surface, several basic parameters, such as
surface concentration of the adsorbed polymer (cg for & = 1), volume and/or wei-
ght of the adsorbed polymer coil (V¢ and/or m¢) and the polymer concentration in
the coil (wt % PAA,) can be calculated (Rg = 7.49x103x M 0.64 / nm9; Ré xm/nm2;
Ve =4/3 Réxn; M = M n/N; wt. % PAA. = m/(Ve pso1)x100). These values are
presented in Table V.

TABLE IV. Basic parameters for the statistical polymer coil in solution and/or at the metallic sur-
face (assuming a spherical polymer coil)

Mn /g mol! Rg/nm o/ nm? Cs / mol cm2 (6=1)/mg cm2 v,/ cm3 m./g W% PAA,
15,000 3.53° 39.0" 4.28x10712"  6.42x10°5"  1.84x10°19% 2.49x1020 =13
85,000" 10.7° 359.6° 4.62x10°13"  3.93x105"  5.13x10°18" 1.41x10°19 =26
200,000 18.5 1075 1.54x10°13 3.09x10°  2.65x10°17 3.32x10°19  =1.19
600,000  37.37 4387 3.78x10°!4 227x10°5  2.19x10°16 9.96x10°19  ~0.43
1,350,000  62.8 12386 1.34x10°14 1.81x105  1.04x10715 2.24x10°18 =02

*

It should be mentioned that empirical equation for calculating Rg (given
above) was obtained using viscosimetric and/or sedimentation data of dilute so-
lutions of relatively high molecular weight PAA? and consequently its applica-
tion for much lower values of M p(such as 15,000 and 85,000 g mol~!1*, Ta-
ble IV) is questionable.

Evidently, the surface concentration of adsorbed polymer (Cg) is a function of
the molecular weight of the polymer and follows the equations:

Cs=9.6x10-7x M 7128 or ¢y = 5.313x10-11/RE (mol cm~2) (8)

where Rg is given in nm.

The same type of empirical equation has already been obtained for the ad-
sorption of many other polymers, mainly at non-metallic surfaces,!® and implies
that the quantity (Cg) of the adsorbed layer, as well as its thickness should depend
on the molecular weight of the polymer (Table IV).

On the other hand, the thickness of the adsorbed polymer layer of about
1.1 nm, determined by impedance measurements (for & = 15) corresponds only
to the polymer segments directly attached to the metal surface. The other parts of
the adsorbed polymer coils (loops and tails) do not significantly contribute to the
value of the measured capacitance due to the very low participation of the poly-
mer material (<1 %) in the overall volume of the coil (& coil ® &.s01)- Thus, the
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sharp decrease of the dielectric constant (from & o] = 80 to & ads = 15) occurs in
the thin layer of polymer segments adsorbed at the metallic surface.

Relatively high degree of coverage (6> 0.7) or high “protection” efficiency
of the metallic surface most probably results from further involvement of the
polymer molecules in the adsorbed layer causing its additional structuring (slow
process). Therefore, in the state of limiting coverage, the adsorbed layer is highly
voluminous and relatively tick (100 — 200 nm), as it was found by elipsometry,6:19
and contains entangled polymer coils.

CONCLUSIONS

1. It was found that the efficiency of corrosion protection by adsorbed layers of
PAA strongly depends both on the molar concentration of PAA in the solution
and its molecular weight, reaching the limiting values between 85 and 96 %. Si-
multaneously, it was also concluded that a relatively high value of surface cove-
rage can be obtained with very low concentrations of PAA (0.5 — 2 ppm), indica-
ting the good adsorption characteristics of PAA on mild steel and iron in hydro-
chloride acid.

2. The experimentally obtained results follow a Langmuir adsorption isotherm. Ac-
cording to the best fitting parameters, the adsorption coefficient B ranged between
2x107 and 4x108 mol~! and strongly depended on the molecular weight of the PAA,
B=kxM & (for o = 0.67 and k = 2.95x10%), or the size of the polymer coil.

3. As found by EIS, the thickness of the adsorbed PAA layer was approx. 1.1 nm
(for & = 15), which corresponds only to the polymer segments attached to the
metal surface. On the other hand, as found by ellipsometry, the limiting layer of ad-
sorbed PAA molecules was highly voluminous and relatively thick (100 — 200 nm),
containing entangled polymer coils.

4. It was also found that the degree of coverage or inhibition efficiency of the
metal surface with adsorbed PAA molecules (segments) was strongly influenced
by the molecular weight of the PAA, following the relation:

Bi/B2 = (61/6h)c = RG1/RG2 = (M / My, )0-67

where B is the adsorption coefficient and Rg the radius of gyration of the statisti-
cal polymer coil in solution.

U3BOJ

NXWBUINUIA KOPO3UJE I'BOXDBA YV XJIOPOBOJOHUYHOJ
KHNCEJIMHU ITOJIMAKPUIIAMWJIOM

DRAGICA CHAMOVSKA, MAJA CVETKOVSKA 1 TOMA GRCHEV

Faculty of Technology and Metallurgy, St. Cyril and Methodius University, 1000 Skopje, FYRO Macedonia

VMcnuTuBaHa je KOPO3HMOHA 3allTHTA W/WIM ajcophuuja monmuakpui-amuna (ITAA) cpenme
monapHe Mace M n= 15000 — 1350000 g mol-! Ha ™MexoMm uenuky u TBOXHY (99,99 % Fe) y
3 M HCI =a co6Hoj Temmeparypu kopumhemeM crekrpodoromerpuje (HeHaHTPOIMHCKA METOa),
MeToje TyOuTKa Mace M CIeKTpockomuje enekrpoxemujcke nmnenanmuje (CEN). YBpheno je na
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e(pUKaCHOCT KOPO3HMOHE 3alITUTHTE aacopOoBaHor cioja [TAA jako 3aBHCH O KOHIIEHTpamuje
ITAA y pacTBOpYy 1 BETOBE MOJIEKYJICKe Mace, HocTiwxkyhu rpanuuHy BpegHocT m3Mehy 85 u 96 %.
Takobe je moka3aHo Ja ce peIaTHBHO BUCOKE BPEIHOCTH CTEHEHA IIOKPUBEHOCTH MOTY JOOUTH NPH
BeoMa HUCKMM KoHIeHTpanujama [TAA (0,5 — 2 ppm), mTo ykasyje Ha 100pe aacopIIHOHe Kapak-
tepuctuke [IAA Ha MexoMm dwenuky u TrBoxhy y pactBopy HCl. Excnepumentanno nobujene
BPEIHOCTH CTENEHa MOKPHBEHOCTH ciefe JISeHrMHpOBY aJCOPHIMOHY H30TepMy. AJCOPIIUOHK
koeduumjenrt, B, ce kpehe ox 2x107 g0 4x108 mol™! u 3aBucu ox BEJIMYMHE HOIMMEPHOT KIyIKa,
OJJHOCHO OfI cpenme MonapHe Mace ITAA mpema jemHaumaun B=kxM$ (rme je a=0,67 u
k =2,95x10%). Kao mro cy mepema merogom CEM mokasana, ne6isina agcopbosaHor croja [TAA
je oxko 1,1 nm (3a & =15) n oxrorapa cerMeHTHMa IOJIMMEPHOT JIaHIA aJCOPOOBAaHUM Ha ITOBp-
e MeTana. C Ipyre cTpaHe, paHHje je MOKa3aHO EIMICOMETPHjCKOM METOJIOM /i je TPaHuYHH
cioj agcopboBanux Monekyia [TAA m3pa3uto BomymMuHO3aH U penatuBHO faedeo (100 — 200 nm) u
Jla ca/ip>KU 3aMpIICHE MOJIMMEPHE JIaHIIe.

(ITpumubeno 3. aBrycra 2006, peBuaupano 15. hedpyapa 2007)

REFERENCES

B. Vincent, ACS Symposium Series 240, Polymer Adsorption and Dispersion Stability, Eds.
E.D.Goddard, B.Vincent, Amer. Chem. Soc., Washington D.C., 1984 p.3
The Patent Office, London, Patent specification 1, 133,382;28 February 1966, No. 8607—66 (1966)
A. El-Sayed, Corr. Prevent. Control 43 (1996) 27
M. Mekki Daouadji, N. Chelali, J. Appl. Polym. Sci. 91 (2004) 1275
G. G. Parfitt, C. H. Rochester, Adsorption from Solution at the Solid-Liquid Interface, Eds. G.
G. Parfitt, C. H. Rochester, Ch. 4, Academic Press, New York, 1983
Lj. Arsov, T. Grchev, M. Cvetkovska, Gj. Petrov, Bull. Soc. Chim., Beograd 48 (1983) 417
A. Silberberg, J. Phys. Chem. 66 (1962) 1872
T. Grchev, M. Cvetkovska, 36th ISE Meeting, Ext. Abst. 06070, Salamanca, 1985
9. T. Schwartz, J. Francois, G. Weill, Polymer 21 (1980) 247
10. B. A. Boukamp, Solid State Ionics 20 (1986) 31
11. S. Sathiyanarayanan, S. K. Dhawan, D. C. Trivedi, K. Balakrishnan, Corros. Sci. 33 (1992) 1831
12. T. Grchev, M. Cvetkovska, T. Stafilov, J. W. Schultze, Electrochim. Acta 36 (1991) 1315
13. T. Grchev, M. Cvetkovska, J. W. Schultze, Corros. Sci. 32 (1991) 103
14. D. Chamovska, Ph.D. Thesis, Sts. Cyril and Methodius University, Skopje, R. Macedonia (2000)
15. E. Collinson, F. S. Daiton, G. S. McNaughton, Trans. Faraday. Soc. 53 (1957) 489
16. Yu. S. Lipatov, L. M. Sergeeva, Adsorption of Polymers, Ch. 3, John Wiley & Sons,
NewYork, 1974
17. K.S. Khairou, A. El-Sayed, J. Appl. Polym. Sci. 88 (2003) 866
18. J. O'M. Bockris, B. Yang, J. Electrochem. Soc. 138 (1991) 2237
19. A. Takahashi, M. Kawaguchi, K. Hayashy, T. Kato in: Polymer Adsorption and Dispersion
Stability, Amer. Chem. Soc. (1984) 39.

wokwN =

® N o



