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Abstract

Corrosion is one of the most important problems that adversely affects the metal industry in
economic terms. One of the most commonly used methods in the fight against metal
corrosion, which occurs more rapidly and intensively in acidic environment, is to use
corrosion inhibitors.[1] Surfactants have been discovered to be one of the most effective
inhibitors against corrosion of iron and steel in acidic media in recent years in order to control
and reduce the corrosion rate. In accordance with the aim of this discovery, in this study, two
cationic surfactants with different functional groups (one amide and the other ester group)
attached to pyridinium nitrogen were synthesized and their structures were confirmed by
spectroscopic methods (FT-IR and H-NMR). The inhibitory activities of these synthesized
products against corrosion of mild steel in 1.0 M HCI medium were determined and compared
among themselves. The weight loss method on metal plates was used to determine the
inhibitory activity. For this, metal plates were immersed for 24 hours in 1M HCI solutions
without inhibitors and with different concentrations of inhibitors. At room temperature of 25
°C, the corrosion inhibition of both synthesized compounds was found to be close to each
other. However, at the lower inhibitor concentrations studied, the inhibitor containing the
ester functional group showed slightly better inhibition activity. Adsorption isotherm studies
were performed to obtain accurate information about the corrosion inhibition mechanism.
Isotherm studies based on gravimetric measurements revealed that the adsorption of the
synthesized compounds was consistent with the Langmuir isotherm. In addition, in order to
support the corrosion inhibition efficiency results, at the end of the corrosion tests, the
morphological changes of the surface were observed by taking images of the metal surface
with an optical microscope camera.

Key words: Synthesis, Corrosion inhibitor, Weight loss, Adsorption isotherm, Acidic
medium

220
May 1-3, 2023 Manhattan, New York City



STH INTERNATIONAL NEW YORK

CONFERENCE ONEVOLVING TRENDS IN INTERDISCIPLINARY
RESEARCH & PRACTICES

MAY 1-3, 2023

aki

NEW YORK

MANHOATTAN, NEWYORK CITY

SYNTHESIS OF TWO MONO-CATIONIC SURFACTANTS |
__ CONTAINING AMIDE AND ESTER FUNCTIONAL GROUPS @

LINKED TO PYRIDINIUM NITROGEN AND COMPARISON OF & &
THEIR ANTI-CORROSION PROPERTIES ' )

Glilsen AKGUL, Serkan OZTURK

Bursa Uludag University, Faculty of Arts and Sciences, Department of Chemistry, Gorikle /
BURSA
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[INTRODUCTION (CORROSION)]

YAPILAN DENEYSEL CALISMALAR
(EXPERIMENTAL STUDIES)
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(CONCLUSION)



KOROZYON

Korozyon, malzemelerin icinde bulunduklari ortamin etkisiyle, kimyasal ve
elektrokimyasal reaksiyonlar sonucunda fiziksel, kimyasal ve mekanik
6zellikleri kapsaminda degisime ugramalaridir.

[1] ASTM International. ASTM G15-02. Standard Terminology Relating to Corrosion and Corrosion Testing. West Conshohocken:
ASTM International; 2002

CORROSION

Corrosion is the change in the physical, chemical and mechanical
properties of materials as a result of chemical and electrochemical
reactions with the effect of the environment they are in.




KOROZYON
(CORROSION})

Kimyasal Korozyon Elektrokimyasal Korozyon
(Chemical Corrosion) (Electrochemical Corrosion)

» Gaz ortaminda » Sulu ortamda elektron aligverisi ile
(in gas environment) (By electron exchange in aqueous medium)

[2] Doruk, M. 1982. Korozyon ve Onlenmesi. ODTU Miihendislik Fakiiltesi, Yaym No: 70, Ankara.
[3] Uneri, S. 1998. Korozyon ve Onlenmesi. Korozyon Dernegi, Ankara, 413 s.



KOROZIF ORTAM (Corrosive Environment)

v Oksijen (Oxygen)
[yagmur suyu (rain water) , kullanim suyu (drinking water), yapi nemi
(building moisture)]

v’ Asitler (Acids)
[karbondioksit (carbon dioxide), hidroklorik asit (hydrochloric acid), siilfiirik
asit (sulfuric acid), v.s. (etc)]

v Tuz ¢6zeltileri (Salt solutions)
[Kiregli su (Limy water), Sodali su (Soda water), Alkalik sivi (Alkaline liquid),
v.s. - etc)]

v Tuzlar (Salts)

[yemek tuzu (table salt), kalsiyum ve magnezyum kloriirlii beton ve sap
katkilari (concrete and screed additives with calcium and magnesium
chloride)]

v Su buhari ve kiikiirt oksit ihtiva eden gazlar (Gases containing water vapor and
sulfur oxide)

[4] Bidi, A., Héffer, U. 2001. Tesisatta Korozyon. V.Ulusal Tesisat Miihendisligi Kongresi ve Sergisi, 3-6 Ekim 2001, Efes Convention Center, izmir.



ASiDiIK ORTAMDA GERCEKLESEN KOROZYON

(CORROSION IN ACIDIC ENVIRONMENT)
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KOROZYONUN ONEMI (THE IMPORTANCE OF CORROSION)
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JOrtama az miktarda eklendigi zaman metalin
bulundugu ortam ile tepkimesini etkin olarak
denetleyen, azaltan ya da onleyen kimyasal
maddelere “Korozyon Iinhibitérii” adi verilir.

(Chemical substances that effectively control, reduce or
prevent the reaction of the metal with the environment
when added in a small amount are called "Corrosion

Inhibitor.)

[5] Papavinasam, S. 2000. Corrosion Inhibitors. In: Uhlig’s Corrosion
Handbook, W.R. Revie (Editor), Wiley Interscience, p.1089-1105.
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YAPILAN DENEYSEL CALISMALAR

(EXPERIMENTAL STUDIES)




1) Bilesiklerin sentezi
(Synthesis of compounds)

2) Sentezlenen bilesiklerin 1M HCI ¢ozeltisinde meydana gelen metal korozyonuna karsi

korozyon inhibisyon etkinliklerinin test edilmesi
(Testing the corrosion inhibition activity of the synthesised compounds against metal corrosion in 1M HCl solution)

3) Adsorpsiyon izoterm ¢alismalarinin yapilmasi (Langmuir izotermi)
[Adsorption isotherm studies (Langmuir Isotherm)]

4) Korozyon inhibisyon etkinligi sonuglarini desteklemek icin optik mikroskop ile metal

yuzeyi goruntulerinin alinmasi
(Taking images of the metal surface with an optical microscope to support the corrosion inhibition
activity results)



1) Bilesiklerin sentezi (Synthesis of compounds)

=

O g /\/\/\/\/\)OJ\ ’
M X ‘ g \ﬁ cl
N N

o 3
0 SRR

NH,

1-(2-amino-2-oxoethyl)-2-dodecanamidopyridin-1-ium chloride 2-dodecanamido-1-(2-ethoxy-2-oxoethyl)pyridin-1-ium chloride



REAKSIYON SEMASI

\\-\
o | 0 =
| 1
=
\T-TJ\DH > B cl triethylamine, 0 N N
10 1

Toluene
CH,Cl,

(o} Q

Acetonitrile \)‘\ \)J\ Acetonitrile
(24 hours reflux) cl a (24 hours reflux)
NH: o/\\
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Table 1
Characterization data of the catiomic surfactants.
1 /% — w1 /%% . 1
Chemical MW wicale.)/% — wi(found)/% Yield Mel!:mg
Compounds ol . Point
Formula (g/mole) C H N (%) =C)
2 C1sH3:CIN:O: 369.93 61.69-61.82 872-8.78 11.36-11.25 27.10 .
3 CnH3sCIN2Os 398.97 63.22-63.32 §.84-8.96 7.02 - 6.95 69.76 2

2 Since they are obtained in the form of a solid o1ly wax, their melting point was not observed.
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2) Sentezlenen bilesiklerin 1M HCI ¢6zeltisinde meydana gelen metal korozyonuna karsi korozyon
inhibisyon etkinliklerinin test edilmesi

(Testing the corrosion inhibition activity of the synthesised compounds against metal corrosion in
1M HClI solution)

1- Testlerde asagidaki tabloda elementel bilesimi verilen diisiik karbon ¢eligi kullanilmistir.

(Low carbon steel, whose elemental composition is given in the table below, was used in the tests.)

Table 2
Elemental composition percentages of the steel material used n corrosion tests

Elemental Composition Percentages (%)

C Mn P S Fe

0.07 0.35 0.015 0.015 the rest




2- Korozyon testlerinde kullanilan metal plakalar, sirasiyla 2.2 cm genisliginde 5 ¢cm uzunlugunda ve 0.1 cm
kalinliginda kesilmistir.

(The metal plates used in the corrosion tests were cut 2.2 cm wide, 5 cm long and 0.1 cm thick, respectively.)

3- Metal plakalar, oda sicakliginda 24 siireyle, inhibitor icermeyen ve farkli konsantrasyonlarda (5,25,50,100,250 ppm)
inhibitor iceren 1.0 M HCI ¢o6zeltilerine daldirilarak bekletilmistir.

[The metal plates were immersed in 1.0 M HCI solutions containing different concentrations of inhibitors
(5,25,50,100,250 ppm) and without inhibitors for 24 h at room temperature.]



4- Bilesiklerin inhibisyon etkinlikleri belirlenirken, 24 saat sonunda asit ¢ozeltisinden ¢ikarilan metal plakalardaki
kiitle kay1iplar dikkate alinmistur.

(In determining the inhibition efficiency of the compounds, the weight loss in the metal plates removed from
the acid solution at the end of 24 hours were taken into account.)

5- Kiitle kaybr degerlerinden yararlanilarak asagidaki formiillerle korozyon hizi (C.R.) ve yiizde inhibisyon
etkinligi (I.E %) hesaplanmistir.

(Corrosion rate (C.R.) and percentage inhibition efficiency (I.E %) were calculated by using the following
formulae based on weight loss values.)

Wy

Wo

C.R.= LE. (%) = ( W) X100



Table 3
Corrosion rate and corrosion inhibition efficiencies (%IE) calculated by weight loss measurement in

metal coupons exposed for 24 hours at room temperature for different concentrations of surfactants in
1.0 M HC] medium.

Inhibitor Corrosion Rate (mg cm? h') Inhibition Efficiency
Concentration x 102 (qw %)

(ppm) 2 3 2 3
0 21.06 21.06 - -

5 3.79 3.07 82.01 85.43

25 3.11 2.69 85.25 87.23

50 242 227 88.49 89.21

100 2.95 2.12 85.97 89.93

250 1.48 1.55 02.98 92.63




Adsorpsiyon izotermleri neden yapildi?
(Why were adsorption isotherms performed?)

> inhibitdrlerin metal korozyonuna karsi etkinlik gésterebilmesi icin metal yiizeyine adsorbe olmalari gerekir.
(In order for inhibitors to be effective against metal corrosion, they must be adsorbed on the metal surface.)

» Yuzey aktif maddeler metal ylzeyine fiziksel ve kimyasal olmak Gzere iki sekilde adsorbe olabilirler.
(Surfactants can adsorb to the metal surface in two ways, physical and chemical.)

» Hangi adsorpsiyon tliriinlin daha baskin oldugunu belirlemek i¢in adsorpsiyon izoterm calismalari yapilmistir.
(Adsorption isotherm studies were carried out to determine which adsorption type is more dominant.)
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— Chemical adsorption
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Langmuir izotermi Grafiklerinden Hesaplanan K_ . ve AG,,, Degerleri

Table 4

Adsorption equilibrium constants (Kags) and
Gibbs free energy values (AG%:) of 2 and 3
compounds determined according to the
Langmuir isotherm

Compounds Kai: AG%4:
po (x 10* M1y (kj mol)
2 11.90 -38.91

3 21.50 - 40.37




4) Korozyon inhibisyon etkinligi sonuglarini desteklemek icin optik mikroskop ile metal yiizeyi goriintiilerinin alinmasi

(Taking images of the metal surface with an optical microscope to support the corrosion inhibition activity results)

2 nolu yuzey aktif madde icin:




4) Korozyon inhibisyon etkinligi sonuglarini desteklemek icin optik mikroskop ile metal yiizeyi goriintiilerinin alinmasi

(Taking images of the metal surface with an optical microscope to support the corrosion inhibition activity results

3 nolu yuzey aktif madde icin:




SONUG

(CONCLUSION)

1-Piridin azotuna bagli birinde amit fonksiyonel grubu digerinde ester fonksiyonel grubu igeren iki adet mono
katyonik ytizey aktif madde sentezlendi ve yapilar1 spektroskopik yontemle aydinlatildi.

(Two mono cationic surfactants containing one amide functional group and the other ester functional group
attached to pyridine nitrogen were synthesized and their structures were elucidated by spectroscopic method.)

2-Bu iki maddenin, metal plakalardaki kiitle kayb1 degerlerinden yola ¢ikilarak, farkli inhibitor
konsantrasyonlarindaki korozyon hizlar1 ve inhibisyon etkinlikleri hesaplanmistir. Hesaplamalar sonucunda ester
fonksiyonel grubu igeren bilesigin (3), digerine gore korozyon hizini biraz daha fazla diisiirdiigiinii, buna bagh olarak
da daha iyi inhibisyon etkinligi gosterdigi tespit edilmistir.

(Based on the mass loss values of these two substances on metal plates, corrosion rates and inhibition
efficiencies at different inhibitor concentrations were calculated. As a result of the calculations, it was found
that the compound containing ester functional group (3) decreased the corrosion rate slightly more than the
other one and accordingly showed better inhibition efficiency.)



3-Bu sonucu destekler nitelikte, 3 nolu bilesigin metal yiizeyine daha baskin bir sekilde kimyasal adsorpsiyonla
tutundugu, Langmuir izoterm ¢alismalarindan anlasilmistir. Kimyasal adsorpsiyon tiirii daha saglam bir tutunmay1
ortaya koydugundan, ester fonksiyonel grubu igeren inhibitoriin metal yiizeyine daha saglam adsorbe oldugunu
sOylemek miimkiindjir.

(In support of this result, it was understood from Langmuir isotherm studies that compound 3 was more
dominantly adsorbed to the metal surface by chemical adsorption. Since the chemical adsorption type
reveals a more robust adsorption, it is possible to say that the inhibitor containing ester functional group
adsorbs more robustly to the metal surface.)

4-Inhibitorlerin korozyon inhibisyon etkinlikleri, optik mikroskop kamerayla metal yiizeyi goriintiileri alinarak
gorsel olarak da kanitlanmistir.

(The corrosion inhibition activities of the inhibitors were also visually proven by taking images of the metal
surface with an optical microscope camera.)
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