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ABSTRAK
SINTESIS SENYAWA TURUNAN IMIDAZOL DAN PENENTUAN
AKTIVITAS INHIBISI KOROSINYA PADA PERMUKAAN BAJA
KARBON

Oleh
Deana Wahyuningrum

NIM: 30504013

Korosi merupakan salah satu masalah pelik di pertambangan minyak dan gas
bumi di seluruh dunia, yang secara ekonomi maupun dampak lingkungannya
merugikan. Kajian mengenai penanggulangan korosi telah dilakukan sejak tahun
1940-an, dimana senyawa turunan imidazol memegang peranan penting sebagai
inhibitor korosi. Jenis dan posisi substituen pada kerangka imidazol yang telah
dipelajari dan digunakan sebagai inhibitor korosi masih relatif terbatas, sehingga
studi dan sintesis senyawa turunan imidazol masih perlu dikembangkan, terutama
untuk mempelajari mekanisme inhibisi korosinya pada logam baja karbon.
Berdasarkan berbagai studi, senyawa organik yang berpotensi sebagai inhibitor
korosi adalah senyawa heterosiklik yang bersifat hidrofob dengan substituen
alifatik maupun aromatik. Tujuan penelitian ini adalah untuk mensintesis
beberapa senyawa turunan imidazol dengan substituen alifatik maupun aromatik
yang bersifat hidrofob yang berpotensi sebagai inhibitor korosi, serta menentukan
aktivitas inhibisi korosinya pada baja karbon. Data hasil penentuan aktivitas
inhibisi korosi senyawa imidazol hasil sintesis kemudian dianalisis untuk
memperoleh beberapa parameter termodinamika, sehingga dapat dipelajari
mekanisme inhibisi korosi senyawa turunan imidazol tersebut. Hal baru dalam
penelitian ini adalah pengembangan dan modifikasi variasi fasa pendukung dalam
sintesis dengan metode MAOS (Microwave Assisted Organic Synthesis). Kajian
unggulan dalam penelitian ini adalah pembahasan hubungan antara struktur
senyawa turunan 4,5-difenilimidazol dan 1-benzil-2-fenilbenzimidazol dengan
aktivitas dan mekanisme inhibisi korosinya pada baja karbon, karena sejauh ini
belum ada pembahasan serupa untuk kelompok senyawa tersebut. Senyawa
turunan 4,5-difenilimidazol dipilih sebagai model, karena berbagai studi
menunjukkan bahwa adanya gugus fenil tersubstitusi pada cincin imidazol
meningkatkan daya inhibisi  korosinya. Senyawa turunan azosin
heptadesil/heptadekenil tersubstitusi disintesis sebagai senyawa pembanding,
karena strukturnya mirip dengan imidazolin oleat, inhibitor korosi komersial di
berbagai industri minyak dan gas bumi. Dalam penelitian ini, telah disintesis 19
(sembilan belas) senyawa, yaitu imidazol taktersubstitusi, turunan 4,5-
difenilimidazol (12 senyawa), benzimidazol (3 senyawa) dan azosin (3 senyawa),
menggunakan metode konvensional (refluks) dan metode MAOS. Metode MAOS
memiliki keunggulan daripada metode konvensional dalam hal waktu reaksi yang
lebih singkat (50 — 100 kali) dan rendemen produk yang lebih baik (1,5 — 10%
lebih banyak).  Penentuan struktur senyawa hasil sintesis menggunakan
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spektrofotometri massa, infra merah dan resonansi magnet inti. Senyawa turunan
imidazol yang disintesis adalah: 1H-imidazol, 4,5-difenil-1H-imidazol, 2-etil-4,5-
difenil-1H-imidazol, 2-heksil-4,5-difenil-1H-imidazol, 2,4,5-trifenil-1H-imidazol,
2-(4-metoksifenil)-4,5-difenil-1H-imidazol, 1-(2-metil-4,5-difenil-1H-imidazol-1-
il)etanol, (E)-2-etil-4,5-difenil-1-(prop-1-enil)-1 H-imidazol, (E)-1-(hept-1-enil)-2-
heksil-4,5-difenil-1H-imidazol, 2-heksil-4,5-difenil-1-vinil-1H-imidazol, 2,4,5-
trifenil-1-vinil-1H-imidazol, 2-(4-metoksifenil)-4,5-difenil-1-vinil-1H-imidazol,
(E)-N-etiliden-1-(2-heksil-4,5-difenil-1 H-imidazol- 1-il)propan-2-amina,
benzimidazol, 1-benzil-2-fenil-1H-1,3-benzimidazol, 2-fenil-1H-1,3-
benzimidazol, (Z£)-2-((Z)-heptadek-8'-enil)-1,4,5,6,7,8-heksahidro-1,3,6-triazosin,
(£)-2-((Z)-heptadek-8'-enil)-5,6,7,8-tetrahidro-4H-1,3,6-oksadiazosin dan (Z)-2-
heptadesil-1,4,5,6,7,8-heksahidro-1,3,6-triazosin.

Semua senyawa produk sintesis ditentukan daya inhibisi korosinya menggunakan
metode Tafel dalam larutan elektrolit NaCl 1% (w/v). Sebagai pembanding,
dilakukan pula pengukuran daya inhibisi korosi beberapa senyawa turunan
imidazol menggunakan metode EIS (Electrochemical Impedance Spectroscopy).
Hasil pengukuran daya inhibisi korosi menggunakan metode EIS maupun Tafel
menunjukkan nilai yang saling bersesuaian. Analisis hubungan antara struktur
dan daya inhibisi korosi senyawa turunan imidazol hasil sintesis menunjukkan
bahwa faktor yang meningkatkan daya inhibisi korosi adalah adanya kerapatan
elektron yang tinggi, gugus pendorong elektron, tambahan perpanjangan resonansi
elektron phi (m) dengan sistem aromatik imidazol, gugus imina (-C=N-) dan
keplanaran molekul. Kerapatan elektron yang tinggi dalam struktur senyawa
turunan imidazol diperlukan untuk peningkatan daya adsorpsinya pada baja
karbon. Adanya gugus penarik elektron dan faktor halangan sterik oleh substituen
yang meruah dalam struktur senyawa turunan imidazol merupakan faktor yang
menurunkan daya inhibisi korosi.  Kenaikan konsentrasi senyawa turunan
imidazol dalam larutan NaCl 1% (w/v) meningkatkan daya inhibisi korosi pada
baja karbon sampai batas optimum tertentu. Penentuan energi bebas Gibbs
adsorpsi (4G'.4), melalui analisis isoterm adsorpsi Langmuir dan Temkin,
maupun penentuan energi pengaktifan, £,, proses korosi dan energi bebas Gibbs
teraktifkan, AG", sama-sama menguatkan hipotesis mengenai potensi senyawa
turunan imidazol hasil sintesis sebagai inhibitor korosi pada baja karbon dalam
larutan NaCl 1% (w/v) melalui mekanisme adsorpsi pada permukaan baja karbon.
Semua nilai AG’, untuk setiap senyawa imidazol hasil sintesis yang dianalisis
memiliki nilai negatif, sedangkan nilai £, dan AG" bernilai positif, yang
mengindikasikan kespontanan proses adsorpsi senyawa pada permukaan baja
karbon. Hal ini menunjukkan bahwa senyawa turunan imidazol hasil sintesis
berpotensi untuk menginhibisi korosi baja karbon melalui pembentukan lapisan
tunggal secara semifisiosorpsi maupun semikemisorpsi pada permukaan logam.
Dengan demikian, semua senyawa turunan imidazol hasil sintesis dalam
penelitian ini berpotensi sebagai inhibitor korosi pada logam baja karbon.

Kata Kkunci: senyawa turunan imidazol, inhibitor korosi, refluks, MAOS

(Microwave  Assisted  Organic  Synthesis), baja karbon, Tafel, EIS
(Electrochemical Impedance Spectroscopy), isoterm adsorpsi, Langmuir, Temkin

i



Koleksi digital milik UPT Perpustakaan ITB : Hanya di pergunakan di area kampus ITB untuk keperluan pendidikan dan penelitian

ABSTRACT
THE SYNTHESIS OF IMIDAZOLE DERIVATIVE COMPOUNDS AND
THE DETERMINATION OF THEIR CORROSION INHIBITION
ACTIVITIES TOWARD CARBON STEEL SURFACE

By
Deana Wahyuningrum

NIM: 30504013

Corrosion is one of major problems in oil and gas industries all over the world,
which causes great loss economically and environmentally. The studies
concerning corrosion prevention have been carried out since 1940s, where
imidazole derivative compounds held important rule as corrosion inhibitor. The
various functional groups and their position on imidazole structure used as
corrosion inhibitor are limited and still need to be improved. Therefore the study
concerning the variation and modification of functional groups on imidazole
structures should be developed to study their corrosion inhibition mechanism on
carbon steel. Based on many reported studies, the organic compounds, which
have potent as corrosion inhibitors, are hydrophobic heterocyclic compounds
having aromatic and/or aliphatic substituents. The objectives of this research is to
synthesize some hydrophobic imidazole derivative compounds substituted with
aliphatic and/or aromatics that are potential as corrosion inhibitor, and to
determine their corrosion inhibition activities toward carbon steel. The data
collected from the corrosion inhibition activities study was analyzed to obtain
some thermodynamic parameters needed to study the corrosion inhibition
mechanism of imidazole derivatives compounds. The novel contribution of this
research is the development and modification of various supported phases to
synthesize imidazole compounds utilizing microwave assisted organic synthesis
(MAOS) method. Furthermore, the discussion about corrosion inhibition
mechanism of 4,5-diphenylimidazole derivative compounds and 1-benzyl-2-
phenylbenzimidazole, as well as the relationship between structure and their
corrosion inhibition activities became the strong point of this research, because so
far the study of corrosion inhibition mechanism of this group have not been
endeavored before. The 4,5-diphenylimidazole was chosen as corrosion inhibitor
model, since it has been reported that the presence of phenyl groups attached to
imidazole ring would increase its corrosion inhibition activity.  Azocine
heptadecyl/heptadecenyl substituted compounds were also synthesized as
reference molecules, since these compounds have similar structure with oleic
imidazoline that have been widely and commercially used in oil and gas
industries. In this study, 19 (nineteen) compounds have been synthesized utilizing
conventional (reflux) and MAOS method, which were unsubstituted imidazole,
twelve 4,5-diphenylimidazole derivatives, three benzimidazole derivatives, and
three azocine derivatives. The MAOS method showed advantages in shorter
reaction times (50 — 100 times) and higher chemical yields (1,5 — 10% times)
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compared to the conventional one. The structure characterization of synthesized
products utilized mass spectrophotometer, infrared, and nuclear magnetic
resonance spectroscopy. The synthesized imidazole derivatives were: 1H-
imidazole, 4,5-diphenyl-1H-imidazole, 2-ethyl-4,5-diphenyl-1H-imidazole, 2-
hexyl-4,5-diphenyl-1H-imidazole, 2,4,5-triphenyl-1H-imidazole, 2-(4-
methoxyphenyl)-4,5-diphenyl-1H-imidazole, 1-(2-methyl-4,5-diphenyl-1H-
imidazole-1-il)ethanol,  (E)-2-ethyl-4,5-diphenyl-1-(prop-1-enil)-1H-imidazole,
(E)-1-(hept-1-enyl)-2-hexyl-4,5-diphenyl-1H-imidazol, 2-hexyl-4,5-diphenyl-1-
vinyl-1H-imidazole, 2,4,5-triphenyl-1-vinyl-1H-imidazole, 2-(4-methoxyphenyl)-
4,5-diphenyl-1-vinyl-1H-imidazole,  (E)-N-ethylidene-1-(2-hexyl-4,5-diphenyl-
1 H-imidazole-1-yl)propan-2-amine, benzimidazole, 1-benzyl-2-phenyl-1H-1,3-
benzimidazole, 2-phenyl-1H-1,3-benzimidazole, (Z)-2-((Z)-heptadec-8-enyl)-
1,4,5,6,7,8-hexahydro-1,3,6-triazocine, (£)-2-((2£)-heptadec-8-enyl)-5,6,7,8-
tetrahydro-4H-1,3,6-oxadiazocine and (Z£)-2-heptadecyl-1,4,5,6,7,8-hexahydro-
1,3,6-triazocine.

The corrosion inhibition activities determination of synthesized products utilized
Tafel method in 1% (w/v) NaCl solution. As comparison, the corrosion inhibition
activities determination also utilized EIS (Electrochemical Impedance
Spectroscopy) method. The comparison between data from Tafel and EIS method
showed the correlated value of corrosion inhibition activities of imidazole
derivatives.  The relationship between structure of synthesized imidazole
derivatives and their corrosion inhibition activities analysis showed that the high
electron density, the presence of electron donating group, the elongation of phi (1)
electron resonance within imidazole aromatic rings, the imines (-C=N) group, and
the planarity of structure are the factors cause the improvement of corrosion
inhibition activity. The high electron density within imidazole derivatives
structure is needed to improve the adsorption capacity on carbon steel surface.
The presences of electron withdrawing groups and steric effect of bulky
substituents on imidazole structure are the factors cause the decrease in corrosion
inhibition activity. The increase in concentration of imidazole derivative
compound in 1% (w/v) NaCl solution tends to increase its corrosion inhibition
activity to an optimum extent. The determination of adsorption free Gibbs energy
(AG’ 45) by the analysis of Langmuir and Temkin adsorption isotherms, as well as
the determination of activation energy, E,, and activated state free Gibbs energy,
AG", have the close relationship that strengthen the hypothesis concerning the
potent of the synthesized imidazole derivatives as corrosion inhibitor towards
carbon steel in 1% (w/v) NaCl solution through the adsorption mechanism process
on carbon steel surface. All of the AGoads value of each synthesized imidazole
derivatives is negative, whereas the value of E, and AG" are positives, indicating
that the synthesized compounds have the potent to inhibit the corrosion process of
carbon steel through the monolayer formation on metal surface, via semi-
physiosorption and/or semi-chemisorptions. In conclusion, all of synthesized
imidazole derivatives are potential as corrosion inhibitors toward carbon steel.

Keywords: imidazole derivatives, corrosion inhibitor, reflux, MAOS (Microwave

Assisted Organic Synthesis), carbon steel, Tafel, EIS (Electrochemical Impedance
Spectroscopy), adsorption isotherm, Langmuir, Temkin
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