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ABSTRACT

Mannich base was synthesized and characterizedgusihIR. HNMR, 2D NMR, & NMR and Mass spectral
studies and it was tested as a corrosion inhibfarmild steel in 5% HCI solution using weight lasgthod over
the temperature range of 303 — 353K. The inhihitefficiency was increased with respect to conetioin of
inhibitor and decreased with respect to temperatarg% HCI at constant immerse time 30 minutes.
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INTRODUCTION

Mild steel corrosion is one of the major issuesniany chemical industries because of the increassiage of mild
steel and inorganic acids in chemical industriese ©f the best methods to control mild steel cdoross using
organic inhibitors. Acid inhibitors are usually dsi@ several industrial processes to control theosion of metals.
Most of the well-known acid inhibitors used areanmig compounds containing nitrogen, sulphur andyeryatoms.
These compounds are strongly adsorbed on mild stefdce by forming a co-ordinate bond betweenuth@aired
electrons present on nitrogen, sulphur and oxygemsand vacant d-orbitals in mild ste&iThe mannich reaction
is a three component condensation reaction in whichactive H atom(substrate) is allowed to readh vain
aldehyde or ketone and primary or secondary arsimegomitant release of water to produce a new kagen as a
Mannich basé&:* The synthetic utility of Mannich reaction is eviddrom its application in the synthesis of many
natural products and biologically important compast® such as antitubercular, antimalarial, analgesigsftt®
has been reported 1((Cyclohexylamino)methyl)urdaleixpotent corrosion inhibitor.

The adsorption of the inhibitors on the metal stefadecreases the corrosion rate. The most effigibibitors are
compounds containing bonds. The adsorption of these compounds is infee by the electronic structures of
inhibiting molecules, steric factor, aromaticitye@ron density at the donor site, molecular aned molecular
weight of the inhibitor. Compounds having functibgeoups such as —CHO, -CO,=N and R-OH also act as good
anticorrosive inhibitoré? In the present study the inhibition potentialtbé Mannich base of (PABU) in 5%
hydrochloric acid have been investigated.
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MATERIALSAND METHODS

All reagents were commercially available and usdthaut further purification. Solvents were distdlefrom
appropriate drying agents subsequently prior to 0$® C, H and N were analyzed on a carlo — Erb@611
elemental analyzer. IR spectra were recorded drinasizus FTIR affinity 1 spectrophotometer in KBraklting
points were taken in open capillary tube8Gnby using richerkjung Heizbank melting point aggtas, Ultraviolet —
visible (UV — Vis) absorption spectra were recorded a Perkin-Elmer Lambda 35 spectrophotometethat t
wavelength of maximum absorptiok,)in DMSO at room temperature. Raman spectra weooiided on Bruker
RFS 27,'HNMR, *C NMR and 2d NMR spectra were recorded on a Brédidance DPX 400 MH ultra-shield
FT —-NMR spectrophotometer in DMSQ-dith TMS as internal standard chemical shifes expressed ir6(units
ppm). SAIF IIT Madras-36. The mass spectral studiere recorded on JEOL D - 300 (El) mass speet®m

2.Experimental

2.1 Synthesis of Mannich base

PABU was synthesized by employing the Mannich sgtthroute. To the aqueous solution of urea (0.6.01
mol), ethanolic solution of 4-chlorobenzaldehyde94d2g, 0.01 mol), was added, followed by 4-ammymigiine
(1.4057g, 0.01 mol) with constant stirring at romperature, for about 3h. The solid began to sepafter 2h.
After 10 days the hard cake obtained was washedu distilled water several times and finally witlsmall amount
of acetone, dried in air and then kept atZh an air oven. The compound was recrystallizethfmethanol. The
yield of the compound was found to be 90%. The ammpl is a creamy white solid and decomposes afQOR is
insoluble in water, partially soluble in carbonréehloride and methanol. It is insoluble in dimésiwfoxide and
dimethylforamide (Manjula, 2009)
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1-[(4-chlorophenyl) (pyridin-4-ylamino)methyljurea

Spectral data

M.F: Cyi3 Hiz CIN,O yield 90% m.p 100-162, Mol.wt: 277. FTIR KBrv in cm™: 3426 (-NH), 3206, 2973 (CH
aromatic and aliphatic), 1704 (C=0), 15%NH), 1158, 1061 (C-N-C) 988 (Pyridine ring breathimode), 800
(CH opb of pyridine and benzene ring), 763NH (Wagging and twisting), 5266 (O-C-N). FT Raman
polycrystalline powdew in cmi*: 3058 (-NH), 3029, 2916 (CH aromatic and aliphaticl60, 1090y C-N-C), 846
(CH opb of pyridine and benzene ring), 115, 88 [&kébending vibration):H NMR (400 MHz, DMSO g), 5 9.99
(S,NH), 5 8.04-8.02 (d, NH),8 7.94 — 7.91 (d, Nb), & 7.70-7.30 (m, 4H Phenyl ring},6.58-6.02 (m, 4H pyridine
ring), & 5.99 (S, CH)*C NMR (400 MHz, DMSO g, & 160.29 (S, 1C C=0} 158.20 (S, 1C); 152.45 (S, 2C)%
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109.3 — 108.6 (S, 2C}, 154.78 (S, 1C)5 149.86 — 149.72 (S, 1CJ,128.85 (S, 2C)5 132.81 (S, 2C), 2D NMR
(400 MHz,DMSO ¢). The'H —'H and'H — *3C correlation of PABU (fig 1). Which shows the leetresults
corresponding to the those dHNMR and > CNMR spectral data. The 2d NMR spectral study ef (RABU)
substantiates thtHNMR and**CNMR spectral assignment. FAB Mass (Positive mad&): 277 (GsH13CIN,O),
base peak m/z: 218 (E1,,CIN,"),m/z: 139 (GHsCIN™), m/z:112 (GHsCI") m/z: 79 (GHsN™). Calculate: C 40.62%
N 12.50% O 3.12%. Found: C 40.60% H 40.61% N 1%.483.10 %.
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2D NMR spectrum of PABU

2.2 Specimen preparation

Mild steel plates were used in this study, havirgpmposition of Mn: 0.01%, Cu: 0.02%, Si: 0.02%0R2%, C:
0.08%, and Fe: 99.75%. The specimens of dimensmm>4l.5 cmx0.15 cm are used. The specimens weighpdl
using 1/0, 2/0, 3/0, and 4/0 grade emery papersfimally degreased with acetone and immediatelyd ufes
experiments.

2.3 Corrosion monitoring technique

2.3.1 Weight loss method

The 5% hydrochloric acid are prepared by usingildidt water in 100 mL standard flasks. Weight loss
measurements were carried out by weighing the spat before and after immersion in 100mL acid smiutor

30 min in the absence and presence of inhibitov&rdus inhibitor concentrations. From the initadd final mass
of the specimen, the weight loss was calculatesinRhis weight loss value, inhibition efficiencyejland corrosion
rate were determined.
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IE has been determined by the following relatiop¥hi

Inhibition Efficiency (%) = [(W, — W))/W,] x 100

Where W, and W are the weight loss without and with inhibitor.

The corrosion rate has been determined by thaaesdtip (Ambrish et al., 2010):
Corrosion rate (mmpy) = (87.6xW)/(AxTxD)

Where W is the weight loss in mg; A is the arear®; T is the time of immersion in hours and D is tremsity in g

cm®,

Table 1.1 variation of I1E in 5% HCI with 30 min at 303K

Conc. of inhibitor(ppm) | Weight loss(mg) | Corrosiaig(mmpy) | 1E(%)
00 0.0047 0.0149 -
05 0.0020 0.0063 57.44
10 0.0017 0.0054 63.82
15 0.0015 0.0048 68.08
20 0.0009 0.0029 80.85
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Figure.3 Variation of | E with various concentration of inhibitorsat different temperature for 30mins

Table 1.2 variation of IE in 5% HCI with 30 min at 333K

Conc. of inhibitor(ppm) | Weight loss(mg)  Corrosiaia(mmpy) | 1E(%)
00 0.0051 0.0162 -
05 0.0027 0.0086 47.04
10 0.0023 0.0073 54.9(
15 0.0020 0.0063 60.78
20 0.0017 0.0054 66.671
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Table 1.3 variation of |E in 5% HCI with 30 min at 353K

Conc. of inhibitor(ppm) Weight loss(mg) Corrosi@ia(mmpy) IE(%)
00 0.0058 0184 -
05 0.0033 0105 uB.
10 0.0031 0@8 35,
15 0.0025 0@r9 5.
20 0.0020 0@63 L

RESULTSAND DISCUSSION

3.1 Weight loss method
Tables 1.1-1.3 and Fig.3 represent the IE of thebitor as a function of different temperature atifferent
inhibitor concentrations at constant time and camistoncentration of hydrochloric acid solution.

PABU efficiently inhibits the corrosion of mild skin 5% HCI solutions (devaraj karthik et al., 201 The
corrosion rate decreased considerably with an @s&rén concentration of inhibitor. These experiraentlues
prove that as the efficiency of inhibition incresseith concentration of inhibitor increases. Thenperature
increases the rate and influences adsorption equith and kinetics as well. The effect of tempematan the
corrosion inhibition with and without inhibitor arghown. It can be seen that the weight loss ineseasth

temperature in the absence and presence of inhiittsorption and desorption of inhibitor molecuéesmtinuously
occur at the metal surface and an equilibrium eximtween two processes at a particular temperaiVith

increase of temperature, the equilibrium betweesodation and desorption processes is shifted taghaeh
desorption rate than adsorption until equilibritsragain established at a different value of equilib constant. It
explains the lower inhibition efficiency at highesmperature. PABU is able to maintain it's inhibitiat about
80.85% at 303K and the inhibition efficiency isghlily decreased to 63.79% at 353K. The corrosidnibition

property of these compounds is attributed to th@tecular structure. The planarity and the loneg phEctrons in
the hetero atoms are important features that déeterthe adsorption of these molecules on the netalrface. The
effect of inhibitors adsorbed on metallic surfacesacid solutions, is slow down the cathodic anddin process of
dissolution of the metal. This is due to the formatof a barrier of diffusion or by means of thedkage of the
reaction sites and there by reducing the corrosits

CONCLUSION

The synthesized new Mannich base 1-((4-chlorophéwidine-4-ylamino)methyl)urea have been chandotel on
the basis of above spectroscopic method and symtitesompound assigned for corrosion inhibitionleation and
discussion.
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