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GreenApproachtoCorrosionInhibitionofMildSteelby
LigninSulfonateinAcidicMedia

MunaA．ABUＧDALO,　NathirA．F．ALＧRAWASHDEH,　AhmedA．MUTLAQ
(DepartmentofAppliedChemicalSciences,JordanUniversityofScienceandTechnology,Irbid２２１１０,Jordan)

Abstract:Theinhibitioneffectofligninsulfonateagainstcorrosionformildsteelinacidicsolutionhasbeenexamined
bymeansofFTIR (fouriertransforminfraredspectroscopy),FAA (flameatomicabsorption)spectroscopy,SEM
(scanningelectronmicroscope),EDS(energydispersiveXＧrayspectroscopy),andmasslosstechniques．Theresults
revealedthatligninisabeneficialinhibitorformildsteelcorrosioninacidicmedium．Ithasbeenfurtherfoundthat
Langmuiradsorptionisothermisobeyedbythetestedlignin′sadsorptionoverthesurfaceofmildsteel．Therangeof
inhibitionefficiency(IE)in２molL－１ HClwasfoundtobe７５８８％－８７８８％forReax８８A,４０７２％－６０３２％
forReax８８B,and５４３２％－６３０３％forReax１００M,afterimmersedat２９８Kfor２４htime．
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　　TheextensiveuseofmildsteelinmostindusＧ
triesandtheproblemsassociatedwithcorrosioncreＧ
ateanurgentneedofprotectingmildsteelfromthe
occurrenceofcorrosionwithinacidicmedia[１Ｇ３]．CorＧ
rosionhasbeenacommonanduniversalproblembeＧ
ingfacedbymildsteel．ThereareanumberoftechＧ
niqueswhichhavebeenappliedforensuringthereＧ
ductionofcorrosionrateofmetals．Outofallthese
techniques,themethodofusingcorrosioninhibitor
hasfoundtobethe mostwidelyusedtechnique．
Manycriteriashouldbetakenintoconsiderationfor
industrialandlargescaleforusinginhibitorssuchas
inhibitor′scost,itsavailability,toxicity,aswellas
environment friendliness． Therefore, in recent
years,varioustypesoforganic[４Ｇ１０]andnaturalmaＧ
terials,suchasplantsextractsthatnamedas“green
inhibitors”,havegainedsignificantattentionsasa
valuableandeffectualinhibitorforcorrosionfor
metalinthepresenceofacidicmedia[１１Ｇ１３]．Mostof
thestudiedorganicinhibitorswerecomprisedofsulＧ
phur,oxygenandnitrogenintheirmolecule[６,１４Ｇ１７]．
　　LigninisconsideredasahighＧmolecularmass
andcomplexpolyＧphenolicpolymer,whichusually
takesplacewithinthecellwallsoftreesandplants[１７],
aswellassomealgae[１８]．DifferentligninswerereＧ
portedandidentifiedinliteratures,andwerefound

tobecosteffectiveforseveraldifferentapplicaＧ
tions[１９]．PreviousinvestigationsandtheirpreliminaＧ
ryfindingsrevealthatligninisagoodcorrosioninＧ
hibitorandhasthepotentialtobeappliedasacorroＧ
sioncontrollingagentinthepresenceofdifferent
systems[２０,２１]．Inaddition,ligninhasfoundtobe
compatible withtheenvironmentalrequirements．
LigninhasfoundtoberichinthepresenceofpheＧ
nolicand carboxylicfunctionalgroups．Potential
complexationsitesareconstitutedbytheacidicmoiＧ
etiesformetallicionssuchasironwiththehelpof
cationexchangemechanism[２２Ｇ２４]．ThesignificantadＧ
vantageofligninoverinorganicinhibitorsisthatligＧ
niniscapableofadsorbingoverthesurfaceofsteel
throughtheacidmoiety′sinteractionwiththefilmof
metalhydroxide．Ligninalsooffersprotectivelayer
againstoxygenorwater,andithasfoundtobe
cheapandabundantlyavailableconstituentinthe
formofunwantedwaste．
　　Thisworkaimstoexaminetheefficiencyand
effectivenessofseveraltypesofsulfonatedlignin,
whichcanplayaroleofcorrosioninhibitorsformild
steelwhenitispresentinacidicsolution．Inorderto
carryoutthisresearch,differentmethodssuchas
FTIR (Fouriertransforminfraredspectroscopy),
EDS(energydispersiveXＧrayspectroscopy),SEM



(scanningelectronmicroscope),FAA(flameatomic
absorption)andmasslossmethodsweredeployed．
Anattemptwasalsomadetoelucidatetheeffectof
temperatureoncorrosionprocess,developmentof
newphaseoverthesurfaceofmetalandchemical
content,aswellasmorphologyofcorrodedsurface
ofmetal．

１　Experimental
１１　Materials
　　Couponsofmildsteel(AISI１０１０)wereused
throughouttheexperiments,withathicknessof
００９cmandthechemicalcomposition(mass％)of
C００８,Mn０３２,P００２７,S００３,Si０００４and
Febalance．Thecouponsof３cm×１cmwereformed
throughmechanicalpresscuttingofthesheets．AdＧ
ditionally,severaldifferentgradesofsiliconcarbidepaＧ
persintherangeof１００－８００gritwereusedforpolisＧ
hingthesurfaces．Afterthat,thesecoupons were
washedthoroughly with deionized water．SubseＧ
quently,acetonewasusedfordegreasingthecouＧ
ponsbeforeusingthecouponsineachexperiment．
　 　Threetypesofligninsulfonatenamed Reax
８８A,Reax８８B,andReax１００Mwereobtainedfrom
a paper manufacturing company (MeadWestvaco
Corporation,USA)．Thephysicalcharacteristicsof
testedligninsareshowninTable１．Thepreparation
ofreferencesolutionswascarriedoutwiththehelp
of１０００mgL－１ofligninsulfonate．Itwasfurther
dilutedinordertoattaintheconcentrationlevelsof
１００,３００,５００and７００mgL－１inthepresenceof
HCl(hydrochloricacid)．ThetestedligninsarewaＧ
terＧsolubleanionicpolyelectrolytepolymers,andthe
mainbuildingunitofthesetestedligninsisshownin
Fig１．ThestructureshowninFig１doesnotspecify
thestructuresincelignosulfonatesarecomplexmixＧ
tures;thepurposeistogiveageneralideaofthe
structureofthemainbuildingunitofthetestedligＧ
ninsulfonates．

Table１　Physicalcharacteristicsoftestedligninsulfonate

Lignin
pH (１５％ by
mass,aqueous

solution,２９８K)

Degreeof
sulfonation(moles
ofNaSO３/１０００g

oflignin１))

Molecular
mass/

(gmol－１)

Reax８８A ４２ ２９ ３１００
Reax８８B １１３ ２９ ２９００
Reax１００M ８９ ３４ ２０００

　　Note:１)Reportedasobtainedfrom MSDS．

１２　Masslossmeasurements
　　Tocarryouttheexperimentofmassloss,themass

Fig１　Buildingunitofthetestedsulfonatedlignins

ofpreＧcleanedcouponsofmildsteelwasmeasured．
ThesecouponswerethencompletelyimmersedverＧ
ticallywithintesttubescontaining１００ mLacidic
solutionsofdifferentinhibitorconcentrations．The
temperatureof２９８Kinathermostatbath(±０１K)
wasalsomaintainedforcarryingoutthisexperiment．
ThetesttubewascoveredtopreventanyevaporaＧ
tionandcontamination．Theexperimentofmassloss
hasbeencarriedoutthroughobtainingcouponsof
mildsteelatdifferenttime(suchas６,１２,and２４h)．
Aftereachtime,distilledwaterwasusedforwashＧ
ingcouponsandbristlebrushwasfurtherusedfor
cleaningthecoupon．Acetonewasusedforrinsing
thecouponaftercleaningprocess．Thesecoupons
werethendriedandtheirmasswasmeasuredaccuＧ
ratelybydigitalbalance (±０１ mg)．ThedifferＧ
encesincoupon′smassafterandbeforeimmersion
withindifferenttestsolutionswereconsideredinorＧ
dertocarryouttheexperimentofmassloss．TripliＧ
catewasdeployedforcarryingouttheexperiments．
Theresultswhichwereobtainedfromthemethodof
masslossweredeployedforcalculatingtherateof
corrosionusingEq(１):

　　　　CR＝
m１－m２

A×t
(１)

where,CRistherateofcorrosion,mgcm－２h－１;
m１isthemassbeforetheimmersionofmildsteel
withintestsolutions,mg;m２isthemassafterthe
immersionofmildsteelwithintestsolutions,mg;
Aissurfaceareaofspecimen,cm２;andtisexpoＧ
suretime,h．
　　Corrosioninhibitorisconsideredasachemical
substance,theadditionofwhichhelpstoefficiently
decreasetherateofcorrosion．TheefficiencyofinＧ
hibitorcanbecalculatedthroughestimatinginhibiＧ
tionefficiency．Similarly,theinhibitionefficiency
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