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ABSTRACT

In recent years, there is a considerable effort devoted to find novel and
efficient corrosioninhibitors. High molecular weight heterocyclic aminothia-
zole adduct (ATS) is prepared through epoxy ring opening reaction of
epoxidized soybean ail (EPS) with 2-aminathiazole (AT) at 120 °C for 3 hours.
Thereaction product is characterized physically and isevaluated withinfra-
red spectroscopy (IR) and gel permeation chromatography (GPC). The pre-
pared AT Sisinvestigated as corrosion inhibitor for carbon steel in both 0.8
M HCI and 3.5% NaCl mediums. Weight loss, scan electron microscope
(SEM) and corrosion tests are different used techniques to prove the effi-
ciency of ATS to protect carbon steel from corrosion. Effect of the type of
exposure mediums of carbon steel on the efficiency of ATS is studied.

It isfound that high molecular weight heterocyclic ATS can protect carbon
steel from corrosion. The corrosion inhibition efficiency of ATS increases
by increasing its concentration in both 0.8M HCI and 3.5% NaCl mediums.
ATS shows high corrosion inhibition in 3.5% NaCl medium and moderate
corrosion inhibition in 0.8 M HCI due to protonation of ATS at low PH
medium and the protonated ATS, becomes weakly adsorbed on the carbon
steel surface. © 2014 Trade ScienceInc. - INDIA
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Among severd methodsused in combating corro-
sion problems, the use of organic compounds contain-
ing nitrogen, sulphur and oxygen alomsremainsthemost
effectivemethod, where corros on poses serious prob-
lemtotheservicelifetimeof aloysused inindustry!*7.

Heterocyclic compoundswith essential amino or
mercapto group give better corrosion inhibition for
metal scompared with linear amino or mercapto com-
pounds. The planarity of the heterocyclic compounds
inadditiontothelonepair of € ectronspresent on het-

eroatoms provide extra coverage and adsorption of
these structures onthemetal surfacel®29,

The adsorption of organic moleculesat the metal/
solution interfaceisof great interest in surface science.
Sincethedegreeof protection of meta sisafunction of
adsorption, theinvestigation of therelation between cor-
rosion inhibition and adsorption is of great impor-
tance[17,18].

Theexigting datashow that most organicinhibitors
act by adsorption onthemetal surface. Their efficiency
asasuccessful inhibitor ismainly dependent ontheir
ability to get adsorbed on the metal surfacewhich con-
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sists of the replacement of water moleculesat acor-
roding interfacg*2

Low molecular weight aminothiazole (AT) and its
derivativesarereported to have anti corrosive proper-
ties?!. In addition aminthiazoleand itsderivativesare
healthy compoundsand play animportant rolein bio-
logica reactionsbecause of their antimicrobid!?

It ismentioned that high molecular weight amines
and heterocyclic thiazoleswith repeating active units
and with high el cetron density have better adsorption
and better corrosion inhibition efficiency than low mo-
lecular we ght corresponding organi c compounds ascor-
rosioninhibitor and asmeta coverageinadditiontoits
novelty®2324,

Inthisresearch anove high molecular weight het-
erocyclic heterocyclic aminothiazoleadduct (ATS) is
prepared and confirmed by infra- red (IR) and Gel per-
mestion chromatography (GPC). It iseva uated as cor-
rosion inhibitor in 3.5% NaCl and 0.8M HCI for un-
coated carbon steel by weight lossand scan electron
microscopetechniques.

MATERIALS

Aminothiazole, chemica structureCH,N_S, MW
100.14, mdting point 86-89°Cisddivered from Sigma:
Aldrich, USA. Epoxidized soybean oil, Oxirane con-
tent 6.5% is delivered from Hobum Company, Ger-
many. Polyethyleneglycol sorbitan monolaurateisde-
livered from Sigma Aldrich under the trade name
Tween20, HLB 16.7. Sorbitane monolurateisdeliv-
ered from SigmaAldrich under thetrade name Span20,
HLB 8.6. Theused carbon stedl alloy compositionis
0.08% C, 0.35% Mn, 0.014% P, 0.018% S, 0.17%
Si andtherestisFe.

EXPERIMENTAL

Preparation of ATS is confirmed by FTIR spec-
trometer, Nexus 670, Nicolt, USA, (Resolution 4cm
1), accordingto ATSM D 5670- 95, MicroAnalytical
Center, National Research Center, Egypt.

ATSmolecular weightsisdetermined by gel per-
mestion chromatography (GPC)® usingAgilent-1100
GPC-Agilent technologies- Germany. THF was used
astheeuent with flow rate Iml mint, Commercialy

availablelinear poly methyl methacrylateand polysty-
renestandardswere used to calibratethe columns. The
GPC gpparatuswasrun under thefollowing conditions:
Flow rate=2.000 ml/min, Injection volume=100.000
ul, Sampleconcentration =1.000 g/l. Therefractive
index detector was G-1362A with 100-104-105 Ao
AltrAT Syragd columnsconnectedin series.

Carbon stedl panelsmust betreated®! before use
by removing al detrimental forelgn matter such asail,
grease, dirt, and other contaminants by acetone, re-
moving of dl rust with different grades of emery paper,
rubbing the panelswith aclean cloth to remove any
residud impuritiesand coated immediately.

ATSisdispersedinwater through emulsification
processwith co- emulsifier goan 20 and non-ionic emul-
sifier tween 20, using high speed homogenizer. 0.25g
ATSisdissolvedin 0.2 g span 20, then added to 0.5%
Tween 20 during high speed stirring and compl ete stir-
ring for 30 minutes.

A seriesof concentrations (0.05, 0.10, 0.15, 0.20,
0.25) of ATSisprepared in acidic medium by dissol v-
IngATSin 0.8 M HCI. In NaCl medium, ATS should
first emulsified asdescribed aboveto bedispersedin
water.

Weight |oss measurements are done according to
ATSM D 2688-94 (1999) For 2weeksin both 0.8M
HCI and 3.5 NaCl for uncoated carbon steel panels
Theobtained resultsare cal cul ated for only oneface of
the sted panels.

Surfacemorphol ogy of some chosen uncoated car-
bon sted specimensare examinedin both 3.5% NaCl
and 0.8M HCI in the absence and presence of
0.25%ATS, using scanning €l ectron micrascope (JXA
—840A, JECL - Japan).

RESULTSAND DISSCUSION

Prepar ation and char acterization of heterocyclic
amineadduct (ATS)

High molecular wel ght heterocyclic aminothiazole
adduct (ATS) isprepared through epoxy ring opening
reaction of epoxidized soybean oil (EPS) with 2-ami-
nothiazole (AT) at 120°C for 3 hoursin sealed glass
tube. The prepared adduct isfregly solublein benzene,
toluene, xylene, acetoneand butyl acetate. Thismeans
that no cross-linking has occurred during thereaction.
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Thereactionswere carried out according to the chemical equation, Figure 1.
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Figurel: Chemical reaction of ATS, n=no. of oxiraneper EPSmolecule

I nfra-red spectr oscopy

AsshowninFigures2(a), (b) & (c) the prepara-
tion of ATSisfollowed up by infra-red spectroscopy
(IR).

Figure2 (&) corresponding to epoxidized soybean
oil (EPS) showsavery characteristic band of epoxy
group at 825 cm™. The ester group exhibited two
bands, astrongband at 1735 cm™ dueto (C=O) group
and abroad band at 1160 cm* dueto (C-O) group.
Also, therewas astrong band near 2900 cnmrt dueto
(C-H) attached to the ester group. With respect to
Figure 2 (b) of AT, primary amine bands appears at
3300 - 3500 cm-1 (two bands) and a bending band
at 1560- 1640 dueto primary (N-H) group. Accord-
ingto Figure 2 (c) theR spectraof theAT S confirms
that all epoxy groupsof the EPS are consumed during
the reaction with the primary amine AT, where the
bands of the epoxy group 825 cmt are compl etely
diminished. Moreover, new characteristic bands of

secondary amino groups (one band) and hydroxyl
groups appears (they appears asan overlapped broad
peak) at 3200-3500 cnt. Also another bending band
appears near 1500 cm-1 due to secondary
aminogroup and another band dueto C-N appearsat
1000- 1350 cm-1.

M olecular weight measurements

Gd permestion chromatography techniqueisused
to determinewei ght-average molecular weight (Mmw),
number average molecular weight (wn) and polydis-
persity (D = mw/mn) of EPSand ATS. The obtained
resultsaresummarizedin TABLE 1.

Accordingto TABLE 1, itisclear that GPC M.wt
of EPSand AT S adduct are approximately equivalent
tothetheoretical molecular weight. Thisprovesthat the
reaction between epoxidized soybean oil (EPS) and
heterocyclicATS arecompl etdly finished without any
by-products.
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Figure2: IR chart of: (a) Epoxydized soybean oil, EPS (b) Aminacthiazol, AT (c) Aminothiazol-soybean oil adduct, ATS

TABLE 1: Molecular weight measurementsof EPSand ATS
by gd per meation chromatogr aphy

Theoretical Mw Mn
Sampl ' ’ D
MR Mowt, (gmol)  (g/mol)  (g/mol)
Ep-So 1000 1226.30 84535 1451
ATS 1400 1396.50 42321 3.2901

Performanceof AT Sascorroson inhibitor

Performanceof ATSascorrosioninhibitor inboth
3.5% NaCl and 0.8 M HCl isstudied by weight loss
determination of the uncoated immersed sampl es of
carbon steel and by scan el ectron microscope tech-
nique. Inhibition efficiency of theinvestigated ATSis
determined accordingto equation 1.
| (%) =100 X (Wo—Wi)/Wo (1)
Where, Wo and Wi aretheweight loss valuesin ab-
sence and in presence of the prepared ATS, respec-
tively.

(a) Evaluation of AT Sin 3.5% NaCl

In order to make AT S dispersed in agueous me-
dium, aseriesof different concentrationsof ATS (0.05,
0.10, 0.15, 0.20, 0.25 g) arefirstly emulsified by dis-
solving ATSin 0.2 g of span20 and then addingATS
span20 to a continuous phase of 100 ml of 0.5%
Tween20 during stirring with high speed homogenizer
with minimum 4000 round per minute.

Weight | ossdetermination of theimmersed uncoated
carbon steel in3.5% NaCl isplotted inFigure 3. The
related corrosioninhibition efficiency of ATSiscacu-
lated according to equation 2 and plotted in Figure4.

Both Figures3 and 4 declarethat, corrosoninhibi-
tion efficiency of AT Sicreases by increasing its con-
centration and reachesupt090.17% at 0.25%ATS(in
theemulsfied form.

Themorphology of theimmersed carbon steel in
3.5% NaCL isinvestigated by SEM techniquein ab-
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sence and presenceof 0.25%ATSand represented in
Figuresba& b.

Smoothening of carbon stedl surfacein presence of
0.25%ATS is observed in Figure 5b compared with
high degree of roughnessin absence of ATSin Figure
5a. Surface smoothening is caused by the adsorption

of ATSonthested surfaceand thus, the surfaceisfully
covered and protected

—e—0%ATS
0.15%ATS

0.06

—— 0.05%ATS
0.20%ATS

= Fyj] Poper
(b) Evaluation of AT Sin acidicmedium (0.8M HCI)

Different concentrations of ATS (0.05, 0.1, 0.15,
0.2, 0.25 g) areweighted and dissolved in 100 ml of
0.8M HCI in addition to 0.8M HCI free from ATS
(acidic blank). Performance of ATS ascorrosionin-
hibitor for carbon steel samplesin0.8 M HCl isinves-
tigated by weight losstechnique. In addition surface
morphology of immersed carbon steel in0.25 gATY

—a— 0.10%96ATS
—e&— 0.25%ATS

0.05

0.03

Weight loss (mg/cm 2 )

0.02

0.01

92.00
90.00
88.00
86.00
84.00
82.00
80.00
78.00
76.00

Inhibition Effeciency %

74.00
72.00

O LNATS 0.10%ATS

0.15%ATS

Time (days)
Figure3: Weight lossdeter mination of theimmer sed carbon steel in 3.5% NaCl

0.20%ATS

0.25%ATS

ATS Concentration in NaCl medium %o

Figure4: Corrosioninhibition efficiency of ATSin 3.5% NaCl medium
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Figure5: (a) M or phology of steel surfacein 3.5% NaCl without ATS; (b) M or phology of steel surfacein ATS 3.5% NaCl
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0.8M HCl isinvestigated by scan € ectron microscope.

Weight lossof immersed carbon sted pandsin0.8M
HCI, 0.05g ATS 0.8M HCI, 0.1gATS/ 0.8M HCl,
0.15gATS 0.8M HCI, 0.2gATS 0.8M HCl and 0.25g
ATS 0.8M HCI, aredetermined and ca cul ated for two
weeks at room temperature. The obtained resultsare
plottedin Figure®6.

Corrosioninhibition efficiency of ATSiscal cul ated
according equation 2 and represnted graphicaly in Fig-
ure’7

Itisclear that ATS caninhibit corros on moderately
anditsefficiency increased by increas ngitsconcentra-
tion up to 50.47% for 0.25%ATS/ 0.8M HCl for two
weeks.

Figures8 (a& b) show the micrographsfor uncoated
immersed carbon steel in 0.8M HCI in absence and
0.25¢. It isclear that surface morphology of carbon
sted isharmly affected and compl etely covered with
rust intheabsenceof ATS, which causeshigh degree of
roughness. On the other side, in the presence of
0.25%ATS, thested surfaceismoderately affected with
rust and aproximately 50% of the steel surfaceisex-
posed to roughness and pits.

Themoderateinhibition efficiency of ATSin 0.8M
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HCI (IE %) may be dueto the protonation of ATSin
acidic medium, thusit becomes cation existing in equi-
librium with the corresponding molecular formasshown
inFigure9.

According totheschematic diagram of the adsorp-
tion mechanismof Figure 9, the protonated ATS, be-
comesweakly adsorbed on the carbon stedl surface,
whichispositively charged in acidic medium?#.. Thus
it becomescation existing in equilibriumwith thecorre-
sponding molecular form.

The Satom of thethiazolering isexpected to have
weak coordination ability??, sincethelonepair on
thisatom participatesin the resonating structure of the
molecule, resultinginareduction of eectron density on
the S atom and a decrease in the electron donating
power.

The O atominthe hydroxyl group of high molecu-
lar weight ATS givesthe adduct extraadvantage com-
pared withlow molecular we ght aminothiazole (AT). It
isclear that AT hasonly threelonepairs of electrons
which reduced totwo lone pairsof eectronsinlow pH
mediums. TheATS moleculehasfour repeated hetero-
cyclicringandfour atomswith four lonepairsof elec-
tron availablefor coordination, which areN, Satoms

20um 000X

Figure8: (a) Morphology of steel surfacein 0.8M HCIlwithout ATS; (b) M or phology of steel surfacein ATS 0.8M HCI

w»w-waH wwwHC
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Figure9: Adsorption mechanismof ATS
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inthe heterocyclicring, O atominthehydroxyl group
andtheN atom of amino group. Eachfour lonepairsof
electronsarereducedtothreein caseof ATSinlow pH
medium

CONCLUSIONS

The prepared aminothiazole adduct structureiscon-
firmed by IR and its molecular weight is proved by
GPC. Thereection product wasrdatively high molecular
weight adduct and had both primary amino group and
hydroxyl groupswith availablelone pairsof electrons
inadditionto the planarity of the heterocyclic structure
whichwasrichwith nitrogen and sulfur atomswith high
electrondensity.

TheATSunder investigation hashigh corrosionin-
hibition efficiency in 3.5% NaCl whichincreaseswith
increasingitsconcentration (IE 90.17%for 0.25%ATYS).

ATShasmoderateinhibition efficiencyin0.8M HC
(IE50.47%), sincethemoleculeisprotonatedin acidic
medium. So the protonated ATS, becomes weakly
adsorbed on the carbon stedl surface, whichisposi-
tively charged in acidic medium(2"-28,
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