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ABSTRACT 

Thisi explorationi meansi toi examinei thei Corrosioni hindrancei conducti ofi Sodium Potassium Tartratei (SPT)i ini blendi withi 

Aluminiumi particlei (Al3+)i oni thei consumptioni ofi carboni steeli ini groundi wateri utilizingi weighti lossi strategy.i Afteri 

effectsi ofi weighti lossi techniquei demonstratei inhibitioni efficiencyi (IE)i expandedi withi expandingi inhibitori fixation.i  
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1.i INTRODUCTION 

Corrosioni isi ai naturallyi occurringi phenomenoni whichi deterioratesi ai metallici materiali ori itsi propertiesi becausei ofi ai 

reactioni withi itsi environment.i Corrosioni cani causei dangerousi andi expensivei damagei toi everythingi fromi pipelines,i 

bridgesi andi publici buildingsi toi vehicles,i wateri andi wastewateri systems,i andi eveni homei appliances.i Iti isi onei ofi thei 

mosti seriousi problemsi ini thei oili andi gasi industry.i Thei usesi ofi organici andi inorganici inhibitorsi arei thei mosti widelyi 

practicali methodsi fori protectioni ofi metalsi andi alloysi againsti corrosion.i Thei efficiencyi ofi ani organici compoundi asi ai 

corrosioni inhibitori isi closelyi associatedi withi thei chemicali adsorptioni [1-4].i Mosti well-knowni organici inhibitorsi containi 

nitrogen,i sulfur,i andi oxygeni atomsi duei toi theiri abilityi toi formi ani adsorbedi protectivei filmi ati thei metal/i mediai interface.i 

Studiesi reporti thati thei adsorptioni ofi organici inhibitorsi mainlyi dependi oni somei physicochemicali propertiesi ofi thei 

molecule,i relatedi toi itsi functionali groups,i toi thei possiblei sterici effectsi andi electronici densityi ofi donori atoms:i adsorptioni 

isi supposedi alsoi toi dependi oni thei possiblei interactioni ofi P-orbitali ofi thei inhibitori withi d-i orbitali ofi thei surfacei atoms,i 

whichi inducei greateri adsorptioni ofi thei inhibitori moleculesi ontoi thei surfacei ofi carboni steel,i leadingi toi thei formationi ofi 

ai corrosioni protectivei filmi [5]. 

Ai surveyi ofi thei availablei literaturei revealsi thati thei Corrosioni inhibitioni ofi 2-naphthalenesulfonici acid,i 2,i 7-

naphthalenedisulfonici acidi andi 2-naphthol-3,i 6-disulfonici acidi oni Armco-i ironi electrodei ini sulfurici acidi hasi beeni 

investigatedi byi Vracari andi Drazic.i Thei inhibitioni efficiency,i changesi withi thei numberi ofi functionali groupsi substitutedi 

oni thei benzenei ringi andi increasesi withi concentrationi [6].i Thei inhibitioni actioni ofi 2-mercaptobenzoxazol,i 2-i mercaptoi 

benzimidazole,i N-cetyli pyridiniumi bromidei andi propargyli benzenei sulphonatei oni thei corrosioni ofi carboni steeli ini acidi 

mediai hasi alsoi beeni studiedi byi Prakashi Rajeshi Kumari Singhi andi Ranjui Kumar.i Thei corrosioni inhibitorsi arei usedi toi 

reducei corrosioni damagei ini sub-surfacei equipmentsi ini oili welli fields.i Thei corrosioni inhibitioni activityi wasi studiedi byi 

gravimetrici andi Potentiostatici polarizationi methodsi ini presencei ofi 20%i HCli [7].i Manickavasagam,i eti al.,i hasi reportedi 

thei corrosioni inhibitioni ofi Polyi (Styrenei sulphonici acid)i -i dopedi polyi anilinei oni carboni steeli ini acidi media.i Thei 

polymeri actsi asi ani anodici inhibitor.i Thei adsorptioni ofi thei compoundi oni thei metali surfacei obeysi Temkin’si adsorptioni 

isothermi [8].i Alievi hasi describedi thei influencei ofi saltsi ofi Alkyli phenoli Sulphonici acidi oni thei corrosioni ofi ST3i steel.i 

Thei protectivei effecti increasesi withi temperature.i Thei investigatedi compoundsi inhibiti corrosioni ofi ST3i steeli asi ai resulti 

ofi chemicali adsorptioni [9].i Shakthiveli andi Vasudevani havei studiedi thei effecti ofi Acrylici acid-diphenylaminei sulphonici 

acidi copolymeri asi thresholdi inhibitori fori sulphatei andi carbonatei scalesi ini coolingi wateri systems.i Thei resultsi showi thati 

thei polymeri actsi asi ai veryi goodi anti scalingi inhibitori bothi ini thei carboi natei andi sulphatei brines.i Copolymeri ofi acrylici 

acid-diphenyli aminei sulphonici acidi cani bei usedi safelyi ini coolingi wateri systemsi [10].i Perusali ofi severali literaturesi 

revealsi thati therei isi noi informationi regardingi thei usei ofi SSodium Potassium Tartratei (SPT)i ini combinationi withi 

aluminiumi ioni (Al3+)i asi corrosioni inhibitor.i Thisi paperi focusesi oni thei IEi ofi SPT i ini controllingi corrosioni ofi carboni 

steeli immersedi ini dami wateri ini thei absencei andi presencei ofi Al3+.iThei mediumi whichi isi usedi ini thei presenti studyi isi 

groundi wateri collectedi fromi kanyakumarii (neari seai shorei area)i ini thei statei ofi Tamili Nadu,i India. 
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2.i EXPERIMENTALi METHOD 

Thei chemicalsi usedi ini thisi study,i Sodium Potassium Tartratei (SPT)i andi i Al3+i ionsi (Aluminiumi sulphatei Al2(SO4)3i 

.16H2O)i coi inhibitori werei ARi grade. 

 

2.1.Preparationi ofi thei specimen 

Carboni steeli specimensi ofi sizei 1.0i cmi ×i 4.0i cmi ×i 0.2i cm,i (areai 10i cm2)i andi chemicali compositioni 0.026i %i Sulphur,i 

0.06i %i Phosphorous,i 0.4i %i Manganese,i 0.1i %i Carboni andi thei resti ironi (densityi 7.87i gm/cm3),i werei polishedi toi ai 

mirrori finishi andi degreasedi withi trichloroethylenei andi usedi fori thei weighti lossi methodi andi surfacei examinationi studies. 

2.2.i Weight–lossi method 

Carboni steeli specimensi werei immersedi ini 100i mli ofi thei mediumi containingi variousi concentrationsi ofi thei inhibitori 

(SPT)i ini thei absencei andi presencei ofi Al3+i i fori 3i days.i Thei weightsi ofi thei specimensi beforei andi afteri immersioni werei 

determinedi usingi ai Digitali Balancei (Modeli AUYi 220i SHIMADZU).i Thei corrosioni productsi werei cleanedi withi Clarke’si 

solutioni preparedi byi dissolvingi 20i gmsi ofi Sb2O3i andi 50i gmsi ofi SnCl2i ini onei litrei ofi Conc.HCli ofi specifici gravityi 

(1.9)i [11].i Thei corrosioni IEi wasi theni calculatedi usingi thei equation 

 

IEi =i 100i [1–(W2/W1)]i %i --------------- (1) 

i Wherei W1i isi thei weighti lossi valuei ini thei absencei ofi inhibitori andi W2i isi thei weighti lossi valuei ini thei presencei ofi 

inhibitor.i Corrosioni ratesi werei calculatedi usingi thei followingi relationship.[12]i  

 daysimmersionofxPeriod)dm(specimentheofareaSurface

)mg(weightinLoss
rateCorrosion

2


i -----i (2) 

 Thei corrosioni ratei isi expressedi ini mddi unitsi [mddi =i mgm/(dm2)i (day)]. 

2.3.Influence of Duration of Immersion on the IE 

 

The power of duration of immersion on the IE of the SPT- Al3+ system has been studied for 1,3,5 and 7 days. 

 

2.4. Influence of pH on the IE of SPT- Al3+ System 

 

Influence of pH on the IE of SPT- Al3+ System has been analysed various from 6 to 12. 

 

2.5. Synergism Parameters (S1) 

 Thei synergismi parameteri isi calculatedi usingi thei followingi equation:[12] 

21

21
I

I'1

I1
S










 

Where;i i  

SI=i synergismi parameteri i  

i I1+2i =i (I1+i I2)i -i (I1.I2) 

I1=i Inhibitioni efficiencyi ofiS SPT s  

I2=i Inhibitioni efficiencyi ofi Al3+ 

I′1+2i =i combinedi inhibitioni efficiencyi ofi substancei SPT i andi substancei Al3+ 

 

3.0.I RESULTSI ANDI DISCUSSION 

Thei differenti boundariesi ofi groundi wateri arei giveni ini Tablei 1.Thei hindrancei efficienciesi (IE)i ofi SPT  ini controllingi 

consumptioni ofi carboni steeli ini groundi water,i fori ai timei ofi threei daysi ini thei nonattendancei andi nearnessi ofi Al3+i byi 

weighti reductioni strategyi arei giveni ini Tablesi 2i toi 6.i SPT i alonei hasi nearly 87.6%i i IE,i whilei Al3+i has 7.6%i IE.i Withouti 

SPT,i thei pacei ofi transporti ofi Al3+i fromi thei bulki parti ofi thei solutioni towardsi thei metali surfacei isi  moderatei [13].Ati 

thei pointi wheni SPT  isi joinedi withi Al3+i particlesi iti isi discoveredi thati thei theiri blendi showsi 97%i IE.i Thisi proposesi ai 

synergistici impacti amongi SPT i andi Al3+i particles;i SPT i cani movei Al3+i towardsi thei metali surface.i  
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Table I.THE PARAMETERS OF GROUND WATER WHICH IS USED FOR INVESTIGATION  

Parameter Value 

pH 8.0 

TDS 810 mg/l 

Alkalinty 389 mg/l 

Chloride 15 mg/l 

Sulphate 17 mg/l 

Calcium 82 mg/l 

Magnesium 92 mg/l 

Barium 14mg/l 

 

Table 2.CORROSION RATE (CR) OF CARBON STEEL IN GROUND WATER IN THE                  PRESENCE 

OF INHIBITOR SYSTEM AND THE INHIBITION EFFICIENCY                    (IE)  OBTAINED BY WEIGHT LOSS 

METHOD 

                           Inhibitor system:  SPT + Al3+ (0 ppm)    Immersion period –3 days 

SPT 

ppm 

Al3+ 

ppm 

CR 

mdd 

IE 

% 

0 0 19.52 - 

50 0 6.54 66.5 

100 0 15.95 18.3 

150 0 2.39 87.76 

200 0 8.58 56 

 

Table 3. CORROSION RATE (CR) OF CARBON STEEL IN GROUND WATER IN  THE  PRESENCE              OF 

INHIBITOR SYSTEM AND  THE INHIBITION EFFICIENCY  (IE)  OBTAINED BY              WEIGHT LOSS METHOD  

                           Inhibitor system: SPT + Al3+ (50 ppm)  Immersion period – 3 days 

 

SPT 
Al3+ 

ppm 

CR 

mdd 

IE 

% 

0 50 7.26 62.80 

 50 50 4.88 75.0 

100 50 4.05 79.26 

150 50 7.97 59.14 

200 50 2.5 87.19 
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Table4. CORROSION RATE (CR) OF CARBON STEEL IN GROUND WATER IN THE PRESENCE                 OF 

INHIBITOR SYSTEM AND THE INHIBITION EFFICIENCY (IE) OBTAINED BY               WEIGHT LOSS METHOD  

                      Inhibitor system: SPT + Al3+ (100 ppm)    Immersion period – 3 days 

SPT 

ppm 

Al3+ 

ppm 

CR 

Mdd 

IE 

% 

0 100 10.95 43.9 

50 100 8.21 57.92 

100 100 6.66 65.85 

150 100 0.24 98.78 

200 100 7.62 60.97 

 

Table 5. CORROSION RATE (CR) OF CARBON STEEL IN GROUND WATER IN THE                           PRESENCE OF 

INHIBITOR SYSTEM AND THE INHIBITION    EFFICIENCY (IE)                           OBTAINED BY WEIGHT  LOSS 

METHOD   

                          Inhibitor system:SPT + Al3+ (150 ppm)     Immersion period – 3  days 

 

SPT 

ppm 

Al3+ 

ppm 

CR 

mdd 

IE 

% 

0 150 15.83 18.90 

50 150 7.38 62.19 

100 150 11.42 41.46 

150 150 7.86 59.75 

200 150 0.47 97.56 

 

Table 6. CORROSION RATE (CR) OF CARBON STEEL IN GROUND WATER IN THE                   PRESENCE OF 

INHIBITOR SYSTEM AND THE INHIBITION EFFICIENCY (IE)                  OBTAINED BY WEIGHT LOSS METHOD  

                           Inhibitor system: SPT + Al3+ (200 ppm)   Immersion period –3 days 

SPT 

ppm 

Al3+ 

ppm 

CR 

mdd 

IE 

% 

0 200 13.53 30.67 

50 200 3.93 79.87 

100 200 2.35 87.80 

150 200 4.99 74.39 

200 200 0.59 96.95 

 The influence of duration of immersion on the IE of the SPT-Al3+ system is given in Table –7. It is found that as the duration 

of immersion increases with the inhibition efficiency found to decrease. When the immersion period is 1 day IE=73%, when the 

immersion period is 3 days IE =98%. When immersion period is 5 days IE=90%, when the immersion period is 7 days IE = 85% 

TABLE 7.INFLUENCE OF DURATION OF IMMERSION ON THE IE OF THE                         SPT(150ppm) +Al3+ 

(100ppm) SYSTEM. 

Immersion 

Period Day 

1 3 5 7 

SPT 0 ppm + Al3+ 

0 ppm 

15.63 19.52 21.53 23.65 

SPT150ppm + 

Al3+ 100ppm 

1.58 0.24 0.36 0.28 

IE % 73.2 98.78 90 85 
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 This may be due to the fact that as the period of immersion increases the protective film formed on the metal surface namely 

Fe2+ - SPT Complex is broken by the aggressive chloride ion present in ground water and hence IE decreases. 

 

Lowering or raising the pH brings down the value of IE. The reduction in IE on decreasing the pH may be due to the inability of 

SPT to form a complex with Al3+ ions in the presence of acid. Hence, Al3+ ions are not in a position to transport the inhibitor to the 

metal surface. The added Aluminium ions form insoluble complexes with SPT and repair the protective porous oxide layer and 

prevent further corrosion. As a result, the rate of dissolution of iron is faster than the rate of transport of inhibitor to the metal 

surface. At higher pH, the low value of IE is attributed to the formation of Al(OH)3. Hence, Al3+ ions are not free to carry the 

inhibitor from the bulk to the surface of the metal. At pH a marginal raise is noticed. The raise is due to the formation of soluble 

Aluminate ions. 

 

 Table 8. INFLUENCE OF PH ON THE IE OF THE SPT(150 ppm) –Al3+(100ppm)                                  SYSTem.  

pH 6 8 10 12 

SPT 0ppm + Al3+ 

0ppm 

12.56 13.85 14.23 12.58 

SPT150ppm + 

Al3+ 100ppm 

2.04 1.28 1.55 1.33 

IE % 87 98 88 91 

 

It is found from Table 8 that when PH is decreased from 8 to 6 (by addition of  dil. H2SO4 ) the IE decreases from 98% to 87%. This 

is due the attack of H+ ion of the H2SO4 on the metal surface and hence increases in corrosion rate and decrease in IE. When PH is 

increased from 8 to 10 (by addition of dil NaOH) the IE decrease from 98% to 88%. This is due to the fact when NaOH is added 

Al3+ is precipitated as Al(OH)3 in the bulk of the solution so the transport of inhibitor towards the metal surface decreases and hence 

the IE decrease when PH  is increased from 10 to 12 (by addition of dil. NaOH) the IE increases from 88% to 91% . This is due to 

the fact that further addition of NaOH converts Al(OH)3 precipitate into soluble sodium Aluminates. Now the transport of inhibitors 

towards the metal surface is favoured. Hence the IE increases.  

 

Synergismi parametersi arei indicationsi ofi synergistici effecti existingi betweeni inhibitorsi [14,i 15].i i Fromi Table 9i iti isi cleari 

thati %i IEi fori SPT -Al3+i systemi inhibitori isi higheri thani i i thei %i IEi fori singlei SPT i andi fori singlei Al3+inhibitor,i whichi 

isi synergistici ini nature.i S1i approachesi unityi wheni therei arei noi interactionsi betweeni thei inhibitori compounds,i whilei S1>i 

1i pointsi toi ai synergistici effect;i ini thei casei ofi S1i <i 1,i thei antagonistici interactioni prevails. This result clearly shows the 

synergistic effect between SPT and Al3+ 

 

Table 9.  SYNERGISTIC PARAMETERS (S1) OF SPT-Al3+ SYSTEM. 

 

 

Concn. of 

SPT ppm 

I.E. 

% I1 

Concn

. of 

Al3+ 

ppm 

I.E. % 

I1 

Combined 

I′E. I1+2
 

Synergis

m 

S1 

50 66.5 100 58.5 57.92 66.15 

100 18.3 100 58.5 65.85 15.30 

150 
87.7

6 
100 58.5 98.78 50.99 

200 
56.0

0 
100 58.5 60.97 52.69 
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3.1.i MECHANISMi OFi CORROSIONi INHIBITION 

Withi thesei discussions,i ai mechanismi mayi bei proposedi fori thei corrosioni inhibitioni ofi carboni steeli immersedi ini dami 

wateri containingi 150ppmi ofi SPT +50ppmi ofi Al3+. 

Wheni thei formulationi consistsi ofi 150ppmi ofi SPT +50ppmi ofi Al3i ini groundi water,i therei isi formationi ofi SPT –i Al3+i 

complexi ini solution 

 

1.Wheni carboni steeli isi immersedi ini thisi solution SPT–i Al3+i complexi diffusesi fromi thei bulki ofi thei       solutioni towardsi 

thei metali surface. 

2.SPT –i Al3+i complexi isi convertedi intoi SPT –Fe2+i complexi oni thei anodici sitesi ofi thei metali surfacei withi thei 

releasei ofi Al3+i ion. 

i i i i i i i i i i i i i i i i i i i i i i i i i Al3+– SPT +i Fe2+i ––––––––––>i Fe2+i – SPT i +i Al3+ 

Thei releasedi Al3+i combinesi withi OH–i toi formi Zn(OH)2i i oni thei cathodici sitesi of 

thei metali surface 

 

Al3+i +i 3OH–i ––––––––––––>i Al(OH)3i ↓ 

3.i Thusi thei protectivei filmi consistsi ofi SPT Fe2+i complexi andi Al(OH)3 

4.i Thisi accounti fori thei synergistici effecti ofi SPT –i Al3+i system. 

 

IV.i CONCLUSIONS 

Thei presenti studyi leadsi toi thei followingi conclusions 

⮚ Thei inhibitioni efficiencyi (IE)i ofi SPT controllingi corrosioni ofi carboni steeli immersedi ini groundi wateri 

ini thei absencei andi presencei ofi Al3+i hasi beeni evaluatedi byi weighti lossi method.i 

⮚ Thei formulationi consistingi ofi 150ppmi ofi SPT +100ppmi ofi Al3+i hasi 97%i IE.i  
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