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Abstract

Corrosion of aluminum in oxalic acichad been investigated by using wt-
loss technique in absence and in presence of 0.0@1concentration of different
additive compounds (sodium tungstate [ST], sodium olybdate [SM] and
thiourea [TU]) at different temperature. It is noticed from the observed
thermodynamic parameters derived from wt-loss measements thatAH,q4 for the
adsorption of ST, SM, and TU resulted in a positivevalue (endothermic), the
adsorption typed is physical - chemical adsorptionThe dissolution of aluminum
in oxalic acid is decreasing as the concentratioof the acid increased due to the
collective properties of organic acid were the oxa acid behave as dimmer
molecular at different concentration. The dissolutbn of aluminum in oxalic acid
decreased after short period due to fast formationof oxide passive layer
[Al ,03.3H.0].

Introduction

The importance of aluminum is refeto widely used for industrial
processes and humane uses, nontoxic and its goadrosion resistance etc..., SO
that the corrosion studies of aluminum and its allg become topic in recently
years [1-5]. These remarkable combinations of qudies make it a preferred
choice for many critical applications in food handing, buildings, heat exchange
and electrical transmission [6]. The inhibition efects of molybdate and tungstate
on the corrosion in acids solution were investigatk the results reveal that both
molybdate and tungstate are very good inhibitors wh little concentration [7].
The effect of addition of halides is also reported8]. Byran's studies on the
corrosion of aluminum in citric acid and tartaric acid [9] indicates that the rate
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of attack of aluminum in organic acid is not propotional to H-ion concentration

but is related to the rate of diffusion of the acidthrough the corresponding film

of corrosion products. It showed that corrosion beome raped in the region of
pH = 7.0. Aluminum resists corrosion in many enviraments because of the
formation of a protective oxide film on the metal srface [10], oxalic acid (0.1 N)
has a severe corrosion effect on Al at 2%. The film is the generally stable in
solution of pH 4.5-8.5 [11], but it dissolves in sbng acids and strong alkaline
media, therefore in such cases, the metal shows aglm rate of corrosion.

Inhibition of the corrosion of aluminum in ( HCI ) by sulfonic acid, sodium
sulfonate derivatives, and sodium alkyl sulfate &s been studied [12] too.
Thermodynamic functions for both dissolution and adorption processes were
determined [13].

Experimental:

The chemical composition of aluminunmetal used is [AL 91.1%, Zn
5.7%, Mg 1.7%, Cu 1.5% (Germany)]. Oxalic acid GH;04.2H,0O assay 99 %
Himedia , India company. The additives (ST, SM andlTU EI-Nasr Company
Egypt) had been used as inhibitors. All solutions &are prepared from ordinary
distilled water, thermo-stated to within +/- 0.1°C of the indicated temperature.

The specimens are polished according to the methodkescribed earlier [14,15]

the corroded media is prepared as (0.1, 0.2, 040 M) oxalic acid

Type of additive Abbreviation Molecular formula

Sodium Tungstate Na, WO, 2H,0O

Sodium Molypdate Na, M0O4.2H,O

Thiourea Nbkl- CS - NH

The additives prepared as 0.001M if.1M oxalic acid solution. Al

sample were used in the form of sheet (2 X 2) cmhd sample were chemically
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cleaned [16] weighted and suspended in 50 ml of tesolution. then weighted

again at the end of the reaction after drying.

Results and Discussion:

The weight loss of the aluminum sample that immeesd in different oxalic
acid concentrations was measured as (mg/énat 25°C. The dissolution of
aluminum in oxalic acid decreased as acid concentian increased. The effect of
acid concentration at 25C on the dissolution of aluminum is recorded in Tale
(1) and showed in Fig. (1).

Weight-loss — time curves of Al in 0.1 M oxalic adiin presence of (0.001
M) of different additives (ST, SM, and TU), at 25°C are illustrated in (Fig. 2)
and the treated data is listed in Table (1). The stace coverage area®) and the
inhibition efficiency (IE %) were calculated as [17 ;

O =(Wo—-W)/Wqp Q)
IE % = [(W— W)/ Wo] x 100 ; (2)
W and W indicate the weight loss in absence and pres=e of additives.

The corrosion rate (r) is calculated aslBj;

R (mpy) = 3448 Wmg) / d (g/cn?) x A (cm?) x t (hr),  (3)
Where A = specimen area, d = density and; t = expoe time.

The decreasing of corrosion rate of aluminum by in@asing of oxalic acid
concentration may be due to the collective propertis where the oxalic acid has
dimmer structure at high concentrations [19] and tle adsorpition of the formed
aluminum complex. Fast formation of the protective oxide passive layer
[Al,03.3H,0] [20] appears after short period, then the passw layer dissolved
again and the corrosion increased gradually.

The effect of temperature is studied, weight-loss time curves of Al in 0.1
M oxalic acid in absence and presence of (0.001 Mj different temperatures
were illustrated in (Fig. 3.1) and the treated datais listed in Table (2). It
observed that the corrosion rate is increased by sing the temperature.

The study of the temperature effect allowed to invdigating the

thermodynamic activation and adsorption parameters.
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The activation energy of corrosion reaction invesgiated according to

Arrhenius equation [21];

rK: A e—E*/ RT (4)
Where the specific rate constant (K= dW/dt. (5)
log K=log A — (E / 2.303 RT) (6)
E= 2.303RT x [log A — log K] (7)

where K; is obtained from the slope of wt-loss —t (Fig..3)

Other activation thermodynamic functions; free enegy of activation AG’,
entropy of activation AS and enthalpy of activation AH", which recorded in
Table (3) were calculated from transition state eqation [22,23] as following;.

K= (RT/Nh) Exp ¢ /RT (8)
Or K/T = RINh Exp ¢ /RT
Where h is Blanck's constant and R is universal gasonstant and N is
Avogadro's number.
log KIT = log R/Nh -AG* /2.303RT 9

By taken N = (N, number of molecules that associated in reactionng
(R/Nagh) item can be obtained from the intercept of (lod /T — 1/T) curve (Fig. 4)
and Nys can be investigated.

AH* and AS* can be given as follows;

AH* = E" + RT (10)
AS*=(AH*—AG*) /T (11)
The activation thermodynamic calculated values wer listed in (Table 3).
It was found that can be applied the Langmuiadsorption isotherm [24],
where free energy of adsorptionAG®,4 can be determined from;
log ©/1- ©) = log CB — (AG°,q/2.303RT), (12)
where p is the adsorption equilibrium constant and C is tle additive
concentration, The parameter log @ obtained from the intercept of (log ©/1- ©)
—1/T) (Fig. 5).

At equilibrium of adsorption processes has;

adsorption rate = desorption rate; the free energys equal to Zero.
AG=0 and where, (13)
AG = AG%;q + 2.303RT log K (14)
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So that we can write,
AG®%q4 + 2.303RT logK=0 (15)
Hence; AG®%q4 =—2.303RT log K (16)

The thermodynamic parameters of adsorption can beatculated by using

Van't Hoff; isochore relationship [25].

d(In K/dT) = -A HJ/R (17)
or K = EXp—AGad IRT (18)
and where; AGaq = AHaq- TASyq
sothat, K= Exp bsad /iR Exp -AHad /RT (19)
In K=AS4/R - AH4/RT (20)
or  log k =AS.q/2.303R - AHaq/2.303RT (21)

By applied equations (12 and 21), we got the calaied adsorption
thermodynamic valuesAG,q, AS;g and AH,q that recorded in Table (4), where
AS,q can be investigated from the intercept of ( Log k- 1/T ) curve. The
enthalpy of adsorption (AH,q) can be calculated by substitutedAS,q value in
equation (21).

By applied Eq. (9) we can get the nurab of molecules (Ny that
associated in reactions.

It is observed that in presence of inbitor the associated molecules (N
were increased as the molecular weight of the inhitor increased.

The calculated values of (B) are found as:

1) in 0.1M oxalic acid solution = 1.55 x 18 molecules

2) in presence of 0.001M ST = 1.44 x *famolecules

3) in presence of 0.001M SM = 5.58 x ¥molecules

4) in presence of 0.001M TU = 1.47 x*@nolecules
Conclusion

 The dissolution of aluminum in oxalic acid decreask as acid
concentration increased may be due to the result oflimerization of
oxalic acid and to the adsorpition of the formed alminum complex.

* The corrosion rate is increased by rising the tempature.

« IE % at 25 °C in the order SM > TU > ST.
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* |E % decrease by temperature increase.

* AH* and AH,4 values indicates that the majority adsorpition tyge is
physical adsorpition.

» The corrosion rate is affected by the molecular strcture of additives.

» The passive oxide layer [AlO3.3H,0] is moderate stable in 0.1 M oxalic
acid solution.

 The associated molecules @y increased as the temperature increased
and the coverage area6)) increased as () increased.

* The adsorption is subordinate to Langmuir adsorptia isotherm
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Tables

Table (1): Effect of acid concentration on dissoludn of aluminum in
absence and in presence of 0.001M different addis at 25°C

Medlum Conc IE(%) Corr rate
m/cm2 m
Free . .
Oxalic acid ) )
STin
0.1 M 0 001 0 125 44 696
Oxalic
SMin
0.1 M 0.001 0.25 25 34.331
Oxalic
TU in
0.1 M 0.001 0.25 25 39.555
Oxalic

Table ( 2): Effect of temperature on dissolutiorof aluminum in 0.1M oxalic
acid in absence presence of 0.001M single adddi

Wi- Ioss Corr rate
addltlve [E(%
-m (mg/cn?) -“ (mpy)
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57.419
76.558
89.318
102.078

Table ( 3): The thermodynamic activation parametes for corrosion of
aluminum in 0.1M oxalic acid in absence and in prgence of 0.001M different
additives at different temperature.

addltlve AE AH AS AG
kJ/moI kJ/moI J/mol /degree kJ/moI

n

22
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Table ( 4): The thermodynamic adsorption parametes for corrosion of
aluminum in 0.1M oxalic acid in absence and in prgence of 0.001M different
additives at different temperature.

additive T AH g4 ASyq AGyq
°K KJ/mol. J/mol./degree KJ/mol.

T

-
n
-

Figures

23



. ffz g%ﬂ«l@’o (’2{‘; %wm qe(-. 14!""'!“ 1—'!!m5-|"
Taiz University | _ o h.nlq
s bl g e el Calty bl bl i
AaSnn 93 Aone Dl s Tl apkalty ¥ Al

Wt. - loss (mg/cm ™ 2)

[ |=01M =02M +0.4M -=1M

Time (hr)

Fig.(1) Weight loss - Time Curves of Aluminum
of Different Concentration Oxalic a

Wit-loss (mg/mm ™~ 2

|=BLANK —=-ST —SM =TU

0 1 2 3 4 5 6
time(hr}

Fig.( 2) Weight loss - Time Curve of Aluminum
In 0.1M Oxalic acid with difflent additive

24



T Rpstio (J Yhonen a-aind| &_yyamesdl

Taiz University A o h.nlq
a0 daels Gy e el anally el byl i

HaSina B 50 B Ty B pghadl 1331 Ak

5 Wit-loss (mg/mm ~ 2)

| [+=25C —30C =35C —40C =45C
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1
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time (hr)
Wit-loss (mg/mm ™ 2)
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Fig. (3.1.1) Effect of temperature on dissolutiof aluminum in 0.1M oxalic acid
in absence and presence of 0.001M single additive
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Fig. (3.1.2) Effect of temperature on dissolutadraluminum in 0.1M
oxalic acid in absence and presence of 0.001blesiadditive.
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Fig. (3.2.1) Effect of temperature on dissolutadraluminum in 0.1M
oxalic acid in absence and presence of 0.001blesiadditive.

5 Wit-loss (mg/mm ~ 2)

t (S) (Thousands)
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Fig. (3.2.2) Effect of temperature on dissolutafraluminum in 0.1M
oxalic acid in absence and presence of 0.001lblesiadditive.

log k/T

log (k/T) = log (R/Nh) - [(dG*/2.303R)x1/T] ~ [ZOx —ST —sM —Tu

2R log RINN ~ ]
Ox -2.0918
ST -4.0598
SM -2.6479
TU

Y R e T
B Y e e
-8
0 0.5 1 1.5 2 2.5 3 35
1/T 1E-3
Fig. (4 ) Evaluation of log (R/Nh) intercept ainde energy
g LogO/1-0
|—-ST -sM —TU|
6 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
log (©/1-©) = log @ — (AG%,4s/2.303RT)
4 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
2 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
0 \
o e
0 0.5 1 1.5 2 25 3 3.5
1/T (1E-3)

Fig. ( 5) Evaluation of log Eintercept and adsorption eney@°.q
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