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ABSTRACT

The cationic Copolymers CQGP of Quaternary 4-vigsilfine (QVPy) Graft N-vinylpyrrolidone PVP with rrad
molar ratios were synthesized by radical copolyzegion in solution with 2, 2_azobisisobutyronitriés an
initiator. The process of the synthesis is basedtwn steps, first step vinylpyrrolidone (PVP) temated 2-
Hydroxyethylmethacrylate (HEMA) is produced by @aitt polymerization using HCIO4 as an initiator.eTRVP
product has different chain lengths of moleculaight average ranging 1500, 2000 and 3000 g/mol. $éeond
step 4-vinyl pyridine was quaternized using Octgnhide (C8Br), as quaternarizing reagent. The sinoe and
composition of quaternary monomer, macromonometsthe copolymer were characterized by their FTIR, 1
NMR and ultraviolet spectra. The molecular weightswestimated by the technical viscosity using athas
solvent. The corrosion inhibition of Armco steelOrb M sulfuric acid in the presence of cationicpGtymers
CQGP of Quaternary 4-vinylpyridine (QVPy) Graft hwdpyrrolidone PVP was studied by weight loss
measurement the results show that inhibition efficy increases with the increase of concentratibimtwbitor ,
and also we compared corrosion efficiency of eamimponent of our copolymer separately PVP macromamnse
and ploy(quaterny 4-vinylpyridine) by SEM the réslowed that the PVP macromonomer hasn’t any &ioro
inhibition properties and cationic copolymers passes excellent corrosion inhibition.

Key words: Quaternary 4-vinylpyridine, N-vinylpyrrolidone, maeonomers, FTIR,*H NMR, corrosion
inhibition.

INTRODUCTION

Recently graft copolymers received a lot of atmmtdue to excellent properties of flocculation arairosion
inhibition [1]. In fact, these grafted copolymen® avidely utilized in industry as surface modifides coatings,
adhesives, dispersants and compatibilizing agenpoiymer blends and also for biomedical use. Ii@aar, the
amphiphilic graft copolymers have been extensivelgstigated for their particular physicochemicadgerties and
self-assembly morphologies and antibacterial behrg#i 3].

Graft copolymerization has been successfully usedlter significantly the solution properties of mgapolymers
like starch, cellulose, synthetic polysaccharides ley grafting suitable acrylic polymers onto therhe viscosity,
gelling characteristics, solution rheology e.g. r@egof pseudo plasticity, ion compatibility etcndae drastically
altered through graft copolymerization reactionh&mced functionality can also be imparted to sabess$r which
will allow them to be more effective in flocculatiodispersion and other applications such as iietemtids in
paper, dry strength additives etc. Polyelectrobitte chains can be introduced into suitable sulestray either
grafting an ion-containing monomer or a suitablenomoer which can then be transformed to an eledcadly a
simple chemical reaction. An example of the lattewhen methylmethacrylate or acrylonitrile candsafted onto
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starch and then transformed by alkaline hydrolysiscrylic acid or methacrylic acid grafts. Vinyyrmine or
dimethyl aminoethyl methacrylate can be grafted theth subsequently quaternized [4].

Cationic polymers are a class of polyelectrolytes tlerive their unique properties from the denaitg distribution
of positive charges along the macromolecular bas&bdhain conformation and solubility of such floleats
depend on the extent of ionization and interactidth water. Cationic functional groups can strongiteract with
suspended, negatively charged particles or oil ldtspand are useful in many applications, includimgste
treatment and paper making process. Water-solullign@rs containing cationic charge can be divided three
categories: ammonium (including amines), sulfonamd phosphonium quaternaries [4].

Cationic copolymer of poly (4-vinylpyridine) and lga(N-vinylpyrrolidone) is used to improved flocauts and
pigment retention aids useful in paper making afipalar interest is the work Baojiao Gao et all flso it used to
determine copper (ll) trace and as a homogeneatadyst witch formed a complex with palladium [5,6]

The purpose of the present work was to produceomiatigraft copolymers with two interesting monométs
vinylpyrrolidone and 4-vinylpyridine by involvememtf two methods first preparation of macromonmessa
method of Fatima Zohra Sebba [2] and the secotitkisyntheses of cationic copolymer by following thethod of
Baojiao Gao et all [1].

Poly (N-vinylpyrrolidone) (PVP) has been generatydied for applications in various fields, as batiterial for
pharmaceutical applications as cancer therapy .[H8mo and copolymers of N-vinylpyrrolidone (VP) apé
considerable academic and industrial interest @uthéir unique properties, allowing the use of ¢heslymer
systems in lithography as light sensitive thin owg for printing plates, for the preparation ofpaeting
membranes for ultra-filtration, biocompatible polgra with low toxicity and carriers of biologicallgctive
compounds, sorbents, coagulants and flocculart979,

4-Vinyl pyridine (4VP) is a functional monomer atite N atom on pyridine ring is a strong donor afcélons.
Thus, Polyvinylpyridine and its derivatives haveebewidely studied, with particular interest in ibtion of
corrosion Fe, Cu, Al, Zn, and their alloys in acidiedia especially when N atom on pyridine ringrfed cationic
copolymers [1,11JHomo quaternized poly (4-vinyl pyridines) have b&gédely studied [12,13Rllowing the use of
these polymer for chromium retention and inhibftarcorrosion of pure iron in molar sulphuric aidi,15] farther
more these types of quaternized 4-vilpyridinium ased with other monomers to produce new copolyméits
interesting properties [16f used with styrene to prepare a series of mengwrgh7] and an interesting work of
Christian Chovino, to prepare single-ion conduetih fixed cation [18].

MATERIALS AND METHODS

2.1. Materials and measurements

4-vinylpyridine VPy was purchased from Merck-Schaictt and purified by being stirred over solid petam
hydroxide pellets for 24 h and distilled under mifen at a reduced pressure (68—70 °C at 15 mmHg}. \Was also
a Merck-Schuchardt product and was purified byiltiibn before polymerization. Perchloric acid (lg,
Prolabo) is used as received. 2-Hydroxyethyl nethiate was purified by vacuum distillation at 688@mHg
.2,2-Azobisisobutyronitrile  (AIBN) was purified by recrystallization twice from methanol, and
N,Ndimethylformamide (DMF), purchased from Wako @@hemical Industries, Ltd., were purified by vatuu
distillation before use. Alkyl bromide with a C8rban chain (Aldrich) was used as quaternizing raage

2.2 Preparation of Quaternary 4-vinylpyridine QVPy

We applied the same protocol for quaternizatiofoapolymer of poly (4-vinylpyridine) and that goted by usual
method to prepare amphiphilc monomers by nuclempsiibstitution of tertiary amine group at low tesmgture and
protected from light to prevent polymerizationrobnomers [19]. A given amount of 4-vinylpyridineV@) was
dissolved in methanol. The quaternization reacti@s carried out at room temperature under magisétiing.
Octyl bromide (@Br), as quaternarizing reagent, was used in fiveé-fxcess to the pyridine units in the monomer
to ensure complete quaternarization reaction, Weagysadded into the monomer solution. The reacti@s run for
12 h at room temperature. The Quaternary monomeéPgQthen was precipitated by THF and washed thginbu
with THF. After filtration, the product was driechder vacuum at room temperature for 24 h, and stered in a
desiccator [1,21].

2.3 Preparation of NVP macromonomers

N-Vinyl-2-pyrrolidone was dissolved in 2 mL of fidg distilled dichloromethane and then placed unu&ongen
atmosphere in a three-necked flask equipped witbnalenser and magnetic stirring. The flask wastbstated at
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30 °C then the initiator perchloric acid was intnodd into the mixture. After 02 hours, 2-hydroxydtiethacrylate
2HEMA same concentration as initiator was addethéoreaction mixture. The precipitate was filteredshed off
with ether and dried in vacuum [2].

Table 1. Experimental conditions and cationic polyrarization yields of N- vinyl-2- pyrrolidone initiated by HCIO,

Macromonomer| [monomer] mol [ 10° | [HCIO,] mol L*10° | [2HEMA] mol L™ | Yield %
PVP, 0.0057 0.0425 0.0425 91
PVP, 0.0058 0.0325 0.0325 93
PVP; 0.0060 0.0221 0.0221 92

2.4 Preparation of cationic copolymer of poly (Quatrnary 4-vinylpyridine-graft 2-Nvinypyrrolidone) CQ GP

The cationic copolymer of poly (Quaternary 4-vingligine graft 2-Nvinypyrrolidone) CQGP were obtainby
radical polymerization of the mixture solution oy and PVP in DMF using AIBN as an initiator adagta
technique described elsewhere[1]. A fixed amourit@®@mol QVPy, 1 mol PVP and 1% of AIBN was mixedwi
DMF (4 cnt), and the mixture was placed in an ampule. Theurgxwas reacted at 70° C for 24 h. The product was
dissolved with metanol, and the cationic copolymwess precipitated in excess ether. The cationic lyoper was
purified three times by such reprecipitation.

The molecular weights of series of cationic copaym(QVPy-gr-PVP) CQGP were estimated by the viscos
technique, using a ViscoClock viscometer and ethasosolvent, in a thermostatic bath at 25 + 0.1[2C]
supposing the skeleton in our dominant copolyménesdvinylpyridine poly quaternized withgBr.

Threes series of CQGP were synthesized Quaternanipylpyridine graft PVP1 (CQGP1), Quaternary 4-
vinylpyridine graft PVP2 (CQGP2) and Quaternaryidylpyridine graft PVP3 (CQGP3), for studying thiéeet of
grafting length in corrosion inhibitor.

Table 2. The starting Macromonomers PVP1,PVP2 and W3 mol% and QVPy mol% on polymerization on polymeization, the
copolymers and the number average molecular weigh¥(n) .To calculate the number of moles of each macmonomer we consider the
number average molecular weight(Mn) (Viscosity) weake it the law for high molecular weight jy] = 6.08 10*M,,*®*[21] see Table 3

Copolymer | [Macomonomer] mol £10° | [QVPy] mol L*10° | Mn(Viscosity) 10° | Yield %
CQGP1 0.0424 0.424 2.321 87
CQGP2 0.0326 0.326 2.581 85
CQGP3 0.0227 0.227 3.122 88

RESULTS AND DISCUSSION

Structure and characterization of Quaternary 4-vinylpyridine (QVPY), macromonomers (PVP) and cationic
copolymer poly (QVPy-gr-NVP) CQGP

3.1 Structure and characterization of Quaternary 4vinylpyridine (QVPY)

FTIR spectrum

The FTIR spectra of 4VP samples were evaluatecaemgresented in fig.1 [22]. Bands at 994 and 87 e’ are
due to the vibration of the vinyl group, and theration near 3400 cfnis due to imines.

In the IR spectrum of QVP-C8Br (Fig.2) alkylatioeads to complete disappearance of bands corresmptali
alkylation leads to complete disappearance of #rab corresponding to the valence oscillationsg/iidme rings at
1597 and 1415 ch and to the appearance of the new bonds corresmpnd the valence oscillations in the
quaternised pyridine rings at 1465°tf20,23,24].

The quaternization degree was determined by foligwihe shift of the 1600cthIR band of the pyridine ring to
1639 cm' characteristic of the respective quaternized gribugas confirmed by the work of R'ios et all [25]2
The reaction was considered finished once the En#i600 crit had disappeared completely. The extent of
guaternization was 100% [14].
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Figure 1. FTIR spectrum of 4VP monomer
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Figure 2. IR spectra of Quaternary 4-vinylpyridine (QVPy) with octyl bromide

'H NMR spectra
Further evidence for the quaternarization of they With CsBr was obtained from th# NMR spectra.

Figure 2, trace a shows tl¢ NMR spectra of QVPygBr.The peaks ai = 8.6 (ppm) and &t = 7.7 are ascribed to
the proton at the 2, 6 sites and 3, 5 sites oflalég pyridine rings respectively. Comparing theNMR of 4VP

Fig.1 with that of the QVPygBr Fig.2, a new peak at= 4.7 is assigned to the seventeen protons ofyingtbup
bonded with N atom in the pyridine ring [1].
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Figure 3.'H NMR of Quaterny 4-vinylpyridine with octyl bromid e
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3.2 Structure and characterization of PVP macromonmer

UV analysis of chain end of PVP

UV analysis was employed to observe the fixationhef chromophoric 2HEMA group on the PVP chain and
also to determine the number-average molecular weign) of the polymer. Assuming only one chromoptio
group was attached to the polymeric chain end ambumolecular extinction coefficient of a moleautaodel, in
this case the 2HEMA, the molecular weights of thengles were calculated. Thus, with the aid of ébration
curve representing the variations of the opticalsity according to the 2HEMA concentration in aoétie, a
curve closely following the Beer Lambert’'s law (Big1l) was obtained and it allowed to determine2ZHEMA
molecular extinction coefficient taken as a modet 8819 atumax= 220 nm in acetonitrile) [2] .
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Figure 4. 2HEMA Calibration curve taken as a mode[solvent:acetonitrile, Amax=220 nm)

UV absorbance spectra of VRnfax = 235 nm) [2] 2HEMA (max = 220 nm) and PVP macromononeméx
=210 nm), respectively.

The UV absorbance spectra shows the disappearantiee omonomer double bonduwfax = 235), and the
appearance of a new maximum of absorbandenatx= 210 nm which characterizes the HEMA doubledbdrhe
values of the number-average molecular weighth@fpolymer, which were obtained from UV analysig, listed
in Table.3.

Determination of the number-average molecular weigts by viscosimetry

Viscosity measurements were used to determine gwarmlecular weights of the synthesized polymerpdasn
The Mark-Houwink equation was employed to calculde viscosity average molecular weights [27,281],=
K.M* . Table 3 provides the values of the average-numbmolecular weights determined in three différemays:
theoretically, by UV analysis and viscosity measuwgats.

Table 3. Number-average molecular weights of PVP pamers

Macromonomer| Mn (Theory) Mn (UV) Mn(Viscosity
PVP1 1500 1600 1765
PVP2 2000 2150 2300
PVP3 3000 3200 3300

Values of the number-average of molecular weigleteminined by UV analysis and viscosity measuremargs
quite close to theoretical ones. These results esigidpat the contribution of transfer reactions rbayof little
importance and therefore the reaction can be dssédito a “living system” [2].

FT- IR analysis

PVP macromonomers structure and composition

Fig. 5 compares the FTIR spectra of a PVP macromens and the corresponding monomer VP. All PVP $asnp
in the experimental have identical FTIR spectra.

The FT-IR spectra of the PVP macromonomer in Figushows a band absorption occurring at 1659 wrhich
corresponds to the carbonyl group ( C=0 ) and & pe2892 criit due to C-H stretching in GHand CH groups .
The bands appearing between 1423 and 149%amrespond to the Gtécissor vibration of a VP unit. The peak at
1291 cni' is attributed to N-C stretching vibration.
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Upon observing the FT-IR spectra, one can notiealtsappearance of the characteristic bands at 468081 cm
is related to the monomer double bond and the pcesef a new characteristic peak at 1374' aahich is due to
the HEMA double bond [2,22,29-30].
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Figure 5. FT-IR spectrum of PVP Macromonomer in CHG3; PVP3 (3000)
'H-NMR analysis

The macromonomerrH-NMR spectrum plotted in Figure 6 shows the chemstic peaks of the PVP3
macromonomer. All PVP samples in the experimerdaakhidentical 1H-NMR spectra.
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Figure 6.*H-NMR spectrum of PVP in CDCl;macromonomers

The resonance signals for the main chain methyfotons of NVP are aé 2.23-2.90. The resonance signals
betweens 5.2; 6 ppm correspond to protor®QH) and t'CH), respectively. The methine backbone protGas]

of the VP units appear as a broad peak%6 ppm. Further, the methylene protof@Hy), ®(CH,), show resonance
signals at 4.17 — 4.22 ppm whereas the ring matleyotons in NVP signals can be assignedab (CH,) § 2.20
(’CH,), & 1.94 for ¢CH,), and& 2.07 for CH,) respectively. Finally, the methane protoi€Hs) , at§ 1.20
ppm[2,29,30-31].

Structure and characterization of cationic copolyme poly (QVPy-co-NVP)

-1 H-NMR and ** C-NMR analyses

The cationic poly (Quaterny 4-vinylpyridine — grafPVP) CQGP copolymers were characterizedHyNMR and
13C-NMR which generated the spectra shown in Figidresid 8, respectivelyH-NMR analysis of the PVP side
chains confirms that the chains are capped witly f@Laterny 4-vinylpyridine) with gBr backbone Figure7. The
aromatic protons of the pyridine ring appear at tiféerent positions .the mat proton (3, 5) ancorprotons (2, 6)
appear at aroundl 8.08 and 9.07 ppm respectively. the resonancalkaound 2.51 ppm is assigned to CH region
of N-unit while the broad resonance signal resoeasignal around 1.27 ppm is assigned the overlapg3gsrotons

of V- and N-unit?CH, and>CH, proton of V-unit. The resonance signal arown8.38-4.54 ppm is assigned to the
overlap of*CH,and —CH proton of V-unit [1,2,29,30-31].
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1H NMR Spectra of CQGP
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Figure 7.*H-NMR spectrum of CQGP in CDCl,

The®C-NMR spectrum of V/N cationic copolymer in CDg4long with the complete spectral assignment in3Fig.
the carbonyl carbon arfiCH2 carbon of V-unit appear as singlet arounti74.93 and 31.53 ppm. The aromatic
carbons of pyridine ring in N-unit appear as ateete resonance signals around 138.59, 124.23 488 $pm are
assigned to C-1, C-2 and C-3, the resonances signailind 31.39, 31.05 are assigne8id and°CH, of pyridine
ring of N-unit respectively.

The resonances signal around8.05 and 14.36 ppm is assigned@i; of carbon of V-unit andCH; of HEMA
respectively.

The signal around 59.53, 31.39 and 45.64 ppm are assignedCid, *CH, andCH, of V-and N-unit .The
resonance signals aroudd5.41-47.08 and 31.392 are assignetCtd and®CH  of V-unit [1,2,29,30-31].
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Figure 8.%*C-NMR spectrum of CQGP in CDCl

CORROSION INHIBITION
The corrosion test was carried with two methods:

4.1 Gravimetric measurements

The experiment test were executed on Armco stetiieofollowing composition (wt.%): 0.14 % C, 0.2134 0.09

% Mn, 0.012 % S, 0.01 % Al, 0.006 %Cu, 99.532 % Hee samples were polished mechanically with dffier
grades (600, 800, and 1200) silicon carbide pagegreased in acetone, washed with distilled watdrdxied in
warm prior to each use. The test solution was pegpb&om analytical-grade 98 %,80, with bi-distilled water.
The corrosion behavior was tested in 0.5 M 98 ¥® solution in the absence and presence of different
concentrations of CQGP [32,33-34].
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The gravimetric tests were realized on the carlieal specimens having as form sheets of 1 cm 1 @m that
were polished with different grades of emery pagég0, 800 and 1200) and then washed with acetadeba
distilled water. Before and after 2h of immersionthe acidic medium with and without addition offelient
concentrations of CQGP (100, 50, 10, 5, and 4.0Ljnghe samples are weighed using analytical balanic
accurately [32,33,34-35].

The corrosion rate (CR) was calculated by the falhy equation:

w
Cr= — (1)

St
Where w is the weight loss of carbon steel specjrBenas the total area of one carbon steel shegt, was time of
immersion. The inhibition efficiency (IEwt %) obteid from corrosion rate can be evaluated usingahewing
Equation:

CR° —CR
[Ewt% = ——— @)
CRo
RESULTS AND DISCUSSION

Concentration effect

Gravimetric tests

Different corrosion rates (CR) and inhibition effincies (IEwt %) values obtained by gravimetric megaments for
natural compound tested as inhibitor on the coorosiehavior of Armco steel at different concentnagiin 0.5 M
H,SO, are summarized in Table 4.

Table 4. Corrosion parameters obtained from gravim&ic measurements for Armco steel in 0.5 M HSO, containing various
concentration of CQGP at 25°C

Inhibitor | C(mg/l) | t(h)] CR (mg/h.cfh | IEw (%)
Blank - 2 54 -
100 2 9.31 82.75
10 2 11.90 77.96
CQGP1 5 2 13.20 75.55
1 2 14.23 73.64
0.5 2 16 70.37
100 2 9.42 82.40
CQGP2 10 2 12.68 76.51
5 2 13.46 75.07
1 2 14.52 73.11
0.5 2 16.43 69.57
100 2 95 82.40
10 2 12.5 76.85
CQGP3 5 2 14.5 73.14
1 2 15 72.22
0.5 2 17 68

From Table 4 it is clear that the decreasing of corrosion iataccompanied to the rising of inhibition effictgn
values when increasing the concentration of theedesompound. The result show that CQGPL1 is basbsion
inhibition it can be explain by short length of PVRore accessible to charge of pyridinium ring geteeic.

We are studying also poly(Quaterny 4-vinylpyridingith C8Br PQVCS8Br with Scanning electron microsgop
measurement to see the influence of quaterny allorhide to corrosion inhibition because recently toteresting
work of L.Larabi and Y.Harekthe were studying thigect of lodide lons on Corrosion Inhibition of MiSteel in
0.5 M H2S04 by Poly(4-Vinylpyridine) [36ind A. Chetouani et al Quaternized Poly(4-Vinyldine)-Graft-
Bromodecane in Sulphuric Acfdand finally the work of R. Karthikaiselvi , S. Swuisthini on The water soluble
composite poly(vinylpyrrolidone—methylaniline): Aew class of corrosion inhibitors of mild steel indhochloric
acid media [37for this reason we are combined Quaternary 4-vimdine (QVPY) to N-vinylpyrrolidone PVP to
have an excellent compound for corrosion inhibition

4.2 Scanning electron microscopy measurements:

The morphology of a selected example of N-vinylplidone PVP macromonomer, Poly(quaterny4-
VinylpyridineGgBr) and the cationic poly(Quaterny 4-vinylpyridirggraft — PVP) CQGP copolymer was examined
by SEM(Jeol JSM-6610 LA instrument). The SEM sampées prepared by putting a cube Armco steel witmd
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on solution of dilute solution of each simple im&aconcentration 100 mblon 0.5 M H2S04 and after 2 hours we
take a SEM.

The study of selected examples of derivatives uSBY measurements showed that the surfaces of Aubeo
steel were more corroded with PVP3 and Poly(qusteNinylpyridineGBr) has also inhibition properties due the
presence of the charge along the chain and thentatpoly(Quaterny 4-vinylpyridine — graft — PVPRGP has
more efficiency in corrosion inhibition.

View002 JEOL  1/1

Bila

JED-2300 A SR atic ==

a) PVP3 b) Poly(quaterny4-VimgyridineC8Br) c) CQGP3

Figure 10. The SEM images of the a) N-vinylpyrrolidne PVP macromonomer , Poly(quaterny4-Vinylpyridin€€8Br) and c) The cationic
poly(Quaterny 4-vinylpyridine — graft — PVP) CQGP mpolymer ( a,b,c X=1000)

CONCLUSION

The copolymers P(QVPy-gr-PVP) CQVP of vinylpyrraite (PVP) macromonomers and quaterny 4-vinyl pyedi
(4VP) monomers was synthesized by radical copolizaton. The process of the synthesis is basedvorsteps,
first step vinylpyrrolidone (PVP) terminated 2-Hgayethylmethacrylate (HEMA) is produced by cationic
polymerization using HCIQas an initiator.

The PVP product has different chain lengths of mar weight averages ranging from 1500, 2000 ab@i03
g/mol. The second step 4-vinyl pyridine was quateh using Octyl bromide @Br).
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The structure and composition of QVPy; PVP and CQMe characterized by their FTIBI NMR and UV
spectra.

The experimental results for the Gravimetric measents show that CGQVP1 has more inhibition efficiethan
the others; it can be explained by the accessilidippositive charge due to low steric hindranc®aP1.

The good corrosion inhibition property of CGQVP watiributed to CGQVP forming a dense and compact
adsorption film on the metal surface by physicaaxgtion through electrostatic attraction betweesitpve charge

of CQVP polymer chain and anionic surface of thdainand by chemical adsorption through coordinatidm-
electrons of pyridine rings with d-orbit of Fe at®fi]. Scanning electron microscopy measurements it coefthe
presence of the Bin the copolymers Figure 10. And confirm that CQN#s more corrosion efficiency than Poly
(quaterny4-VinylpyridineC8Br) and PVP macromonomggs no corrosion inhibiting property.
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