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ABSTRACT

The inhibition of corrosion of stainless steel in acidic medium by the inhibitor Benzyl tri methyl ammonium chloride
has been investigated by weight loss method. The synergism between Kl and Benzyl tri methyl ammonium chlorideis
also established. The combination consists of 0.0025 M Benzyl tri methyl ammonium chloride and 0.0018 M of Ki
offers good inhibition efficiency of 96%. Polarisation study reveals that this combination functions as a mixed
inhibitor. Impedance spectra reveal that a protective filmis formed on the metal surface. The surface morphology
has been analysed by SEM.
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INTRODUCTION

Stainless Steel is a material frequently used tloproperties of resistance to corrosion in both itfdustrial and
maritime field, Chromium is the main alloying elemieand the steel should contain at least 11% odraflum.
Chromium is a reactive element, but it and its yallgpassivate and exhibit excellent resistance tmyma
environments. Type 430 stainless steel can belyefadimed and has good corrosion resistance tathmsphere.
This is one reason why it is most widely used mdlitomobile trim. The first chemical plant apgiica of stainless
steel was a type 430 tank for shipping nitric adifi The Corrosion of stainless steel in acididusons is a
fundamental academic and industrial concern thatréeeived a considerable attention [2]. The disehibitors is
one of the most practical methods of protectingasion. Most of the acid inhibitors are organianpmunds
containing nitrogen, sulphur and oxygen atoms [8hibition of metal corrosion by organic compounslis result
of adsorption of organic molecules or ions at thetahsurface forming a protective layer [4-9]. Theteroatom’s
present in the inhibitor having lone pair of eleas are responsible for adsorption by the metdhser

In the present study, BTMAC, a quaternary ammonizompound is chosen as a new inhibitor to preveat th
corrosion of stainless steel in HCl. Benzyl Tri thid Ammonium Chloride is widely used as a solvémt
cellulose, a gelling inhibitor in polyester resimschemical intermediate, paint dispersant, ancaylic dyeing
agent. Itis also used in plant growth regulatompositions and synthetic processes BTMAC has gtpasitively
charge Nion andr electrons from aromatic benzyl group for adsorptim take place on the stainless steel surface.
The aim of this work is to study the effectivene§8TMAC with Kl as a corrosion inhibitor for stdéess steel in
1.0 M HCI solution.
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MATERIALS AND METHODS

Material preparation

The composition of the stainless steel is as fal@®12% C, 1.00% Si, 1.00% Mn, 16.00% Cr, 0.75%0N4% P,
0.03% S and the balance is Fe. The 430 stainlesss the dimensions of 4.5cmx1.7cmx0.0457crey Tvere
polished to mirror finish and degreased with acetand used for the present study.

Weight — Loss Method

Stainless steel specimens were immersed in 100 fniheol.0 M HCI solution with and without inhibitdor 1h.
The weight of metal specimens before and after irsioe was determined by using Shimadzu Ay 220 model
digital balance. From the weight loss data, pdrgnbition efficiency (IE %) and corrosion rateaw/calculated.

CR-CR
IE% = ——  x100 1)
Cr

Where, CR and CR are the corrosion rates of the stainless stegignabsence and the presence of the inhibitor
respectively.

Corrosion Rate = Weight loss / (surface area x fimi&s) (2)

Electrochemical measurements

The stainless steel coupons, were prepared asledetabove, was used as working electrode. Befah e
experiment, the exposed area of the working eldetas polished with soft 3M 1500 sand paper, toetallic
shine. Then it was washed with distilled watergréased with acetone, and finally dried with saper. The
electrochemical measurements were performed in reverional three electrode glass cell which coasist
stainless steel as working electrode (WE), Calomseteference electrode, platinum as counter eletiBotential
was allowed to stabilize 60 min before starting theasurements. Measurements were performed usigitaDi
LCRZ bridge model TH 2816 A. Tafel polarizationneess were obtained. Impedance measurements weredca
out in frequency ranges from200kHz to 50 Hz.

Scanning electron microscopy (SEM)

The surface morphology of the stainless steel irsatkin 1.0 M HCI in the presence and absence oBTHAC
with KI was studied by using scanning electron wscopy. The immersion time of the electrodes lfier $EM
analysis was 1h.

RESULTS AND DISCUSSION

Weight Loss method

Corrosion rates (CRs) of stainless steel immensddd M HCI in the absence and presence of inhilBIBMAC are
given in Tables 1and 2. The inhibition efficierscigE) are also given in these Tables. It is olegfrom Table 1
that 0.0005 M of BTMAC has 55 percent IE. As tbacentration of BTMAC increases the IE also incesas

Influence of Kl on the Inhibition Efficiencies of BTMAC

The influence of Kl on the inhibition efficiency TMAC is given in Table 2. It is observed that the
concentration of BTMAC increases the IE increas&imilarly, for a given concentration of BTMAC tH&
increases as the concentration of Kl increasess diso observed that a synergistic effect exXistsveen BTMAC
and Kl. For example, 0.0018 M of Kl has 75 perdé&ht0.0025 M of BTMAC has 70 percent IE. Intenegly
their combination has a high IE, namely, 96 percefitin Further addition of KI decreases the contbiim@ibition
efficiency.

Tablel: Corrosion Rates (CRs) of Stainless Steel mersed in 1.0 M HCI in the presence and absenceiohibitor system at various
concentrations and the inhibition efficiencies (IEsobtained by weight loss method

-3

BTMAC x10°M | K ’,\‘Alo CRx10% g cn? mint | IE%
0 0 4.83 -
0.5 0 2.17 55
1.0 0 1.79 62
15 0 1.75 63
2.0 0 1.71 64
25 0 1.42 70
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Percent inhibition efficiency of
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Figure: 1 shows the increase in the PCIE

Table 2: corrosion rates (CRs) of stainless steehimersed in 1.0 M HCI in the presence and absence iohibitor system at various
concentrations and the inhibition efficiencies (IEsobtained by weight loss method

Blgﬂfﬁx KIx10°M | CRx10% g cm? min® | IE%
0 0 4.83 :
25 0.6 0.36 90
25 12 0.29 92
25 18 0.14 96
25 2.4 0.18 95
25 3.0 0.18 95

Synergism parameter {jShas been used to know the synergistic effecttiagidetween two inhibitors [10-16].
Synergism parameter {)an be calculated using the following relatiopshi

Synergism parameter{)S=  --------- , 3)

Table3: Inhibition efficiencies and synergism parareters for various concentrations of Benzyl tri metlgl Ammonium chloride-KI, when
Stainless Steel is immersed in 1.0 M HCI

Inhibition Surface Kl Inhibition Surface | Combined Combined Synergism
BTMAC _ 3 . Surface
x10° M efficiency Coverage| x10 efficiency Coverage IE % Coverage Parameter
IE (%) 0 M IE (%) 0, ez N 9 S
1+2
25 70 0.70 0.6 61 0.61 90 0.90 1.17
2.5 70 0.70 1.2 70 0.70 92 0.92 1.13
25 70 0.70 1.8 75 0.75 96 0.96 1.89
25 70 0.70 2.4 77 0.77 95 0.95 1.38
25 70 0.70 3.0 81 0.81 95 0.95 1.14
Where

0142= (O1+02)-(0102)

0, = surface coverage by Benzyl Tri Methyl Ammoniuntociie,

0, =surface coverage by KiI,

0 1.o=surface coverage by both Benzyl Tri Methyl Ammaniahloride and K,

The synergism parameters of BTMAC and Kl are giirefTable 3. For different concentrations of inkdos, S
approaches 1 when no interaction between the tohibbmpounds exists. When $1, it points to synergistic
effects. In the case of 8 1, it is an indication that the synergistic effecnot significant [17]. From Table 2, it is
observed that values of synergism parametgjcéculated from surface were found to be oneabule.
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This indicates that a synergistic effect existsMeein BTMAC and Kl [18-20]. Thus, the enhancemeithe
inhibition efficiency caused by the addition of I BTMAC is due to the synergistic effect.

Analysis of polarisation study

Polarisation study has been used to confirm thmddion of protective film formed on the metal sedaduring
corrosion inhibition process [21-23]. If a proigetfilm is formed on the metal surface, the coimourrent value
(lcor) decreases. The potentiodynamic polarisation cuofestainless steel immersed in 1.0 M HCI in theemce
and presence of inhibitor are shown in Figure @,dbrrosion parameters are given in Table 4. W&inless steel
was immersed in 1.0 M HCI the corrosion potentiasw— 494.171 mV versus SCE. When BTMAC (0.0025 M)
and Kl (0.0018 M) were added, the corrosion po#trehifted to noble side -477.446 mV versus SCHere is
slight shift in K, value, denotes that it act as mixed inhibitor.e Targe shift in cathodic Tafel slofig[24], from
70.674 to 128.806 mV shows that it predominantiytads the cathodic reaction.

Table4: Corrosion parameters of stainless steel imensed in 1.0 M HCI in the absence and presence ohibitor from polarisation study

Concentration in M Er, mv leorr LA B, MV | BamV | IE%
Blank -494.171| -329.83¢ 70.674 53.767 1
0.0025 M BTMAC + 0.0018 M KI| -477.44¢ -89.514 12883| 37.014 73
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Figure 2: Polarisation spectra of Stainless Steahnmersed in 1 M HCI in the absence and presence afhibitor (0.0025 M BTMAC +
0.0018 M Kil)
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Figure3: Impedance spectra of Stainless steel imn&ed in 1 M HCI in the absence and presence of intiibr (0.0025 M BTMAC +0.0018
M KI)
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Analysis of Impedance Spectra

Impedance spectra have been used to confirm theaf@n of protective film on the metal surface, rgjeatransfer
resistance (R increases, double layer capacitance valug) (@=creases[ 25]. The AC impedance spectra of
stainlesssteel immersed in 1 M HCI in the absemezkmesence of inhibitors BTMAC-KI are shown in tig 3.
The Riand Gvalues obtained from impedance spectra are giValie5.

20kV X500 50pm 11 28 SEI

Fig-4(a)

Fig-4(b)

20kV X500 10 29 SEI

Fig-4 (c)

Figure 4 (a) SEM analysis of stainless steel beforamersion, (b) Stainless steel immersed in 1.0 MCI (Blank), (c) Stainless steel
immersed in 1.0 M HCI+0.0025 M BTMAC + 0.0018 M KI
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Table 5: Corrosion parameters of stainless steel imersed in 1 M HCI in the absence and presence inhfbr obtained from impedance

spectra
Concentration in M Re, Ohm | Cy 10°% F | IE%
Blank 50 7.2380 -
0.0025 M BTMAC+ 0.0018 M Kl 155 2.2747 67

The increase in the charge transfer resistangg ({®ue from 50 to 155 ohm and the decrease irdtuble layer
capacitance value (J from 7.2380 F to 2.2747 F on the addition of bitur system confirms the formation of a
protective layer on the surface of the metal.

SEM Analysis

The SEM photograph of polished stainless steeinlets steel dipped in 1.0 M HCI, and in 1.0 M H@th the

inhibitors is shown in fig 4a, 4b and 4c respedjive Figure 4(a) shows the smooth surface of tieéam The SEM
photograph in figure 4(b) has shown the roughnésseometal due to corrosion by 1.0 M HCI. Figd(e) clearly

shows the formation of a film by the adsorptioBGIMAC and Kl on the stainless steel surface whiak made the
surface smooth.

CONCLUSION

Based on the results obtained from this study,ftflewing conclusions can be deduced BTMAC contrthle
corrosion of stainless steel in acidic medium. Trtebition efficiency of BTMAC increases with thacrease in
inhibitor concentration. Addition of KI to inhildt shows synergistic effect on the corrosion irtioi efficiency
towards stainless steel in acidic medium. Poltoeastudies reveal that the inhibitor functionsaamixed inhibitor.
However the large shift in the cathodic slope rés/éaat it controls the cathodic process more pmadantly. SEM
analysis and impedance spectra confirm the formatfdhe protective film on the metal surface.
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