Available online www.jocpr.com

Journal of Chemical and Pharmaceutical Research, 2@, 4(11):4836-4844

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

Inhibition of corrosion of aluminium in alkaline medium by succinic acid in
conjunction with zinc sulphate and diethylene trianine penta
(Methylene phosphonic acid)

Shanmugam Rajendran*, C. Thangavelu and G. Annamaia

PG and Research Dept of Chemistry, Periyar E. \Cétlege (Autonomous), Trichirapalli —
620023, TamilNadu, India.

ABSTRACT

The inhibition efficiency (IE) of succinic acid (Shk conjunction with Zfi and diethylene triamine penta
(methylene phosphonic acid) [DTPMP] on the corrasad aluminium in 0.01M NaOH was investigated byghie
loss and electrochemical techniques. The ternastesy SA (240 ppm) —Zn(20 ppm) - DTPMP (20ppm) has 98%
IE. IE values calculated from electrochemical p&ation studies were in good agreement with thadeutated
from weight loss studiesAG Values were calculated from surface coverageesml&ffect of temperature on the IE
was also studied from which Ea adliH were computed. Surface morphology studies wene dising scanning
electron microscopy (SEM) and atomic force micrascAFM). The inhibitors act as mixed inhibitorsdaobey
Langmuir adsorption isotherm.
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INTRODUCTION

Corrosion of aluminium and its alloys have beemlgect of numerous studies due to their high teldgical value
and wide range of industrial and house hold aptitina. Aluminium and its alloys are very good caiom resistant
materials in neutral agueous solution, due to trendtion of passive film. It is well known that tilg corrosion
occurs on metals covered with passive films. TheéoDk cause the passive film to break down at rewaak spots
on the metal surface. During pitting corrosion é&arts of the metal surface are covered with geptiwe film and
are in the passive state, while other small paftshe surface are in the active state. Corrosionabiur of
aluminium in various media has been studied. Sévatabitors have been used to control the cornosad
aluminium. To prevent the corrosion of aluminiumaicid medium, inhibitors such as imidazoline deiixes [1],
Capparis decidua [2] polyethylene glycol and paiyVialcohol [3], delonix regia extract [4] and Samwieria
trifasciata extract [5], have been used. In allalimedium, adipic acid-DTPMP[6], polyvinyl alcoho¥][
gongronema latifolium extract [8], bismark browned@], methyl orange [10], [3 — (4 — hydroxy — 3 thexy —
phenyl) — 1 — phenyl — propenone] [11], 1 — (2dikydroxy phenyl) — 3 - (2 — hydroxyl phenyl) -openone [12],
adathoda vasica leaves extract [13] and onion amonoextract, [14] have been used as corrosiorbitdrs to
prevent corrosion of aluminium. Corrosion inhibitiof aluminium using super hydrophobic films [1S{fucture
and stability of adhesion promoting aminopropy! ghltonate layers at polymer / aluminium oxide irteet [16],
microbially infuenced corrosion of aluminium [1€prrosion inhibition of aluminium by rare earth latides [18],
effects of inhibitors on corrosion behaviour ofdisilar aluminium alloy corrosion using fluorometimethods
[19], surface modification for aluminium pigmentibition [20] and filiform on 6000 series aluminiu[21], have
been investigated. Because of the voice raisedblyamental scientists, several corrosion reseaschave started
using environmental friendly natural products asr@sion inhibitors [22-26]. Water extracts from Vea of date
palm, phoenix dactylifera, henna, Lawsonia inerro@n and Zea mays, were tested as corrosidhitofs for
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steel, aluminium, copper and brass in acid chloedd sodium hydroxide solutions, using weight Iagdution
analysis and potential measurements [27]. Priyal.etave studied the corrosion behaviour of aluammin rain
water containing garlic extract [28]. Jain et avé investigated the electrochemical behaviourlwfaium in
acidic media [29]. Several investigators have reggbthe corrosion inhibition behaviour of carbosest mild steel
and copper in acidic medium[30-33].

This paper reports the corrosion behaviour of comiakaluminium metal in 0.01 M NaOH solution arkt
inhibition of corrosion of aluminium by succinicid, Zrf* and DTPMP at 3) 4¢° and 56C. Weight loss method
and electrochemical techniques were used to cadctiia IE Values.

Free energy change, activation energy and enthalajues were computed and discussed. Surface wiogphof
the metal surface was studied using SEM and AFMghauir adsorption isotherm was drawn and analysed.

EXPERIMENTAL SECTION

Commercial aluminium specimens, of dimensions 140X x 0.14 cm, containing 99% pure aluminium were
polished to a mirror finish, degreased with trichl@thylene, and used for the weight loss methatifansurface
examination studies. All the weighings of the alionm specimens before and after corrosion wereezhout
using a Denver Electronic balance (TP214) with abddy of and 0.1 mg in 200g range. This balan@s h
reproducibility (standard deviation) of 0.1 mg. ARRade ZnSQ succinic acid and DTPMP were used to prepare
inhibitor combinations in double distilled water.

Determination of inhibition efficiency (IE)

The weighed specimens in triplicate were suspethgecsieans of glass hooks in 150ml beakers contaib@@gml
of various test solutions in 0.01M NaOH medium.eAfbne hour of immersion, the specimens were taken
washed in running water, dried and weighed. Froenctiange in weight of the specimens, the corrosibibition
efficiency (IE) was calculated using the equation:

IE =100 [1-(W / W4] %

Where W = Corrosion rate in the absence of inhibitor, 8gd= Corrosion rate in the presence of inhibitor.

Corrosion Rate (Cy) is calculated by using the following relationship mmpy unit.

Weight loss (mg) x 87.6

CR =
Immersion Time (h) x density of tmetal (g/cm) x area of specimen (én
(W—W,)
Surface coverage®) = -
w

Where W = Corrosion rate in the absence of the inhibitdarfk) and W= Corrosion rate in the presence of the
inhibitor.

The effect of temperatureon the IE was studied at three different tempeeatuinamely, 3T, 40C and 56C. Ea
values were calculated using Arrhenius equationftid/alues were calculated using the equatidkH = Ea — RT.

The free energy of adsorption AG® .4 ,is calculated using the equation :
AG%¢s= - RT In (55.5 x K49

Where 55.5 is the molar concentration of wateintion and Kg4=6/ C (19).
Electrochemical Polarization measurements

A conventional three electrode cell consisting dfirAinium as working electrode, Platinum as coumfectrode
and a saturated calomel electrode as referenceageavas
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used for potentiodynamic polarization studies. @ypbtentiodynamic polarization studies were cardget in VSF
electrochemical analyzemd the data weranalyzed by EC +ab for windows V 9.43(Software), Internet serv
9.40 (firmware) and commanuterprefor V 9.4 (frmware) % |.E. was calculated by using the fola

(b - Iinh)

IE %= x 100

lo
Where |} = Corrosion curnet in the absence of inhibitor al;,, = Corrosion current in the presence of inhibi

AC impedancespectroscopic studies were also carried csing the same electrochemical analy
Surface Morphology studies
Scanning Electron microscopy (SEM) and Atomic FcMicroscopy AFM) were used for surface morpholo

studies.

SEM images of polished Aminium metal, Corroded Metal and Corrosion inkdtitmetal surfaces are reccd
with VEGA 3 TESCAN microscope and compar

Atomic forcemicroscopy (also known as scanning force microsgis a powerful technique for the gathering
roughness statiss from a variety of surfas [34]. AFM is becoming a vileaccepted method oroughness
investigation [35-40].

All AFM images were obtained on a pico SPM 2100 AFlgtrument operating in contact mode in

Structure of inhibitors

DTPMP
0 0
I
{OH)P — CH CH;— P {OH).
MN— {.f:lf‘l'__g:':.?_ I Ef:l [:__:;]-.__.:— I
{OH)LP — CH. S B, CHo— P (OH).,
o 0

Succinic acid
HOOC - CH — CH,— COOH.

RESULTS AND DISCUSSION

Weight loss study

The percentage inhibition efficienc (IE%) of Zrf* ions, DTPMP and SAeparately and in combination, have b
evaluated in 0.01 NaOH mediunby weight loss technique at°C and the esults are summarized irable 1 to
1.

Table 1, illustratesthe effect of concentration of ¢ on the IE at 3. It is observed iat 280 ppm of SA has
maximum IE 69.3%.

Table 1, depicts the influence @n’*and SA on the IE, which increases from 4998%07% during increase of SA
from 40ppm to 280 ppm.

Table ) explains the combineeffect of DTPMP, Zii* and SA on the IE. At an optim constant concentration
20ppm of DTPMP, an increasing trend of IE is demonstratednduthe increase of concentration SA, which
reaches nearly 98 at a concentration 240ppm SA.

Electrochemical Studies

The results of the potentiodynamic polarizationdsta for the blank and various environments coimgirthe
inhibitor systems are summarized in Tabl,. |E values calculated from the polarization date & gooc
agreement with those obtained from weight loss.ddthe Tafel curves in figures 1(a) to 1(d) illade that the
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nature of the curves remains almost the same, aften the addition of inhibitors. However, on inaseng the
concentrations of the inhibitors, the curves gradually shifted towards lower current Bign

Table 1(a)
Zn? = NIL, DTPMP =NIL Temp 30°C
Concentration of SA (ppm) | Corrosion Rate G (mmpy) | IE% | Surface Coverage 0 ;
0(Blank) 29.43 _ _
40 25.83 12.3 0.123
80 18.02 38.8 0.388
120 14.42 51.0 0.510
160 12.61 57.0 0.570
200 11.41 61.2 0.612
240 9.61 67.4 0.678
280 9.01 69.3 0.693
Table 1 (b)
Zn? =20ppm, DTPMP-NIL Temp. 36C
Concentration of SA (ppm) | Corrosion Rate G (mmpy) | IE % | Surface Coverage 0 2
0 (Blank) 29.43 - -
40 15.02 49.0 0.490
80 9.61 67.0 0.670
120 8.41 71.4 0.714
160 6.61 77.5 0.775
200 541 81.6 0.816
240 4.81 83.7 0.837
280 4.20 85.7 0.857
Table 1 (c)
Zn* =20ppm Temp. 30C
C(E)rll?spﬂt;atlon (Fg):]) Corrosion Rate Gz (mmpy) | IE % | Surface Coverage® ;
20 40 12.26 58.9 0.589
20 80 6.66 774 0.774
20 120 5.61 81.0 0.810
20 160 245 89.3 0.893
20 200 3.15 91.7 0.917
20 240 0.71 97.6 0.976
20 280 0.72 97.5 0.975

The corrosion potential values also are shiftedatols negative direction, indicating the decreasthénrate of the
cathodic reaction. Further, the decrease in théeliarand cathodic Tafel slop@a andpc are related to the decrease
in both the cathodic and anodic currents. Thebiidris act as mixed inhibitors.

Table 2 (a) - Potentiodynamic Polarization Data

Zn?' 20ppm; DTPMP 20 ppm -
SA (ppm) | -Ecorr (V) [ Icorr (mA) | IE % Respective Figure
0 (Blank) 1.58 7.556 - 1(a)
80 1671 1.8 76.2 1(b)
160 1.623 1.0 86.7 1(c)
240 1.605 0.35 95.4 1(d)

Table 2 (b) — Impedance Data

Zn** 20 ppm; DTPMP — 20 ppm -
SA (ppm) | R (@ sz) Ca (uF/cmZ) Respective Figure
0 (Blank) 0.876 56.3 2(a)

240 1.80 0.1928 2(b)

The impedance Nyquist graphs are given fig 2(a)2(b)l. The R and G, values tabulated in Table 3 (b) confirm
the adsorption of the inhibitor system and formaté the layer of the inhibitor on the metal sugac
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Figure 2 (a) Impedance graph
(Nyquist)

Table 3 (a). Effect of temperature on IE

Figure 2(b) Impedance graph
(Nyquist)

Concentration of SA
(ppm)

Zn* = DTPMP = 20 ppm

IE % at 30°C

IE% at 40°C

IE% at 50°C

40

58.9%

55.9%

29.6%

80

77.4%

65.8%

40.8%

120

81%

76.%

53.1%

160

89.3%

80.6%

64.6%

200

91.7%

81.7%

73.9%

240

97.6%

92.1%

76.9%
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Table 3 (b) Activation Energy and Enthalpy Changes

Process Average Ea (KJ/mol)| AH (KJ / mol)
Corrosion in the absence of Inhibitors 17.6 15.0
Corrosion in the Presence of inhibitors (SA =240ppm 109.5 106.9

Effect of temperature on inhibition efficiency

The effects of the inhibitor systems containing @@pDTPMP, 20ppm Ziiand various concentrations of SA were
studied through weight loss measurement at theatsdvtemperatures of %D and 568C also and the results are
presented in Table 3(a). The IE values decreasethétrise of temperature.

Activation energy (Ea) values andEnthalpy change ( AH) values for the corrosion process are calculated and
given in Table 3(b).

More positive the values of Ea anHi, less spontaneous is the corrosion processagosion is decreased in the
presence of inhibitors.

Adsorption Isotherms

The surface coverage valu@3 ¢alculated from weight loss measurements wetedfiinto the Langmuir adsorption
isotherm.

The Langmuir adsorption isotherm model has the 6= 1/Ky4s+ C.

Where C is the concentrationgis the equilibrium Constant of adsorption procesglot of CH Vs C is linear

(Fig 3 ). The slope deviates from unity indicatithgt there is attraction or repulsion in the abedrlayer of
inhibitor on the aluminium surface [41-42]

FiGgi. 3
LANGMUIR ADSORPTION 1SOTHERM

[

From the Kgsvalues, calculated using tRevalues for various concentrations of inhibitorglifferent temperatures,
AGlads values were also calculated and tabulatedlie #a

Table : 4.Free energy of adsorptionAG’qs) values ( KJ / mof)

SA 4'—_ Additiyes added to SA —>
(ppm) DTZF:]'X'P: Ni'l\“" ZE:]I+P='\"2'30 (p'\;'lh) DTPMP = 20 ppm ; ZH = 20 ppm.
at 30C at 36C at 36C at 46C at 56C

40 -25.3 -30.15 -31.16 - 30.85 - 28.01
80 -27.38 - 29.63 -31.61 - 30.15] -27.57
120 -27.58 -29.79 -31.14 - 30.39 -27.8
160 -27.48 -29.89 -31.11 - 30.35| -28.20
200 - 26.82 - 29.95 -32.25 -29.97 -28.82
240 - 27.57 - 29.97 - 35.07 -31.92 - 27.8¢

The values of AG%sare negative and range from - 31.11 to — 35.26nK". The negative values indicate that the
adsorption of the inhibitors on the aluminium sagfds spontaneous.

The AG’,4svalues decrease with the increase of temperatggesting that there is a decrease in adsorptidmeof
inhibitors as the temperature increase from 30€5
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In general, the values oAG’4saround — 20 KJ mot correspond to physisorption while those abovekadenol *
correspond to chemisorption. [43,44].

Analysis of SEM images
The SEM images of polished metal, the same immeirséd01M NaOH solution and in the combined inhabit
system are given in Fig 4(a), 4(b) and 4(c), respely.

A comparative examination of these images, clesuygest that the surface of Aluminium specimemriecthened
to a very large extent in the presence of the coatbiinhibitor system. This smoothening might be tué¢he
adsorption of the inhibitor molecules on it andsthiue surface is fully covered.

SASTRA S 3.0kV 1,000 WD 6.8mm 10pm

Figure 4 (a) SEM
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Analysis of AFM images
Fig 5(a), 5(b) and 5(c) show the AFM images of gfzdid metal, corroded surface in the absence dbitohs and
the smoothened surface in the presence of inhiiteispectively. Table 5 gives the correspondinghoess and

peak-to-valley height values.
Table-5 - AFM roughness data

RMS(Rq) Average . L
Sample Roughness| roughness(Ra) Ma)ﬂg;um ?:?\j() t(?]:)l”ey Respective Figure
(nm) (nm) 9
Polished Al metal 32 24 130 5 (a)
Al immersed in 0.01M NaOH solution 72.6 56.2 314 (bp
Al immersed in combined inhibitor system 41 33 182 5 (c)

A comparative view of the above roughness tablarbiedemonstrates that the surface of the metsimsothened
due to the adsorption layer formed.

CONCLUSION

i. SA has a maximum of 69% IE at % for alumiuium in 0.01IM NaOH medium. In the pnese of 20ppm
Zn*ions, the |IE of SA shifts to a maximum of 85.7% at 2&@rpconcentration. The ternary system consisting of
20ppm DTPMP, 20ppm Zhiand 240ppm SA has a remarkably high IE, 97.5%.

ii. The IE% decreases with increase of temperatur8%® dnd 56C.

iii. The IE Values calculated from electrochemical ppédion studies are in good agreement with thoseveight
loss studies. Electrochemical polarization studlesw that the inhibitor system acts as a mixedbildi.

iv. Observations made from SEM, AFM and Langmuir adsampisotherm suggest that the corrosion inhibition
occurs through the adsorption of inhibitors onghgace of aluminium .

v. The negative values ofAG indicate that the adsorption of the inhibitorstioa aluminium surface is spontaneous.
Ea andAH values of the corrosion process also supportabséervation.
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