UCNI NACRT PREDMETA / COURSE SYLLABUS

Predmet: PROPAD GRADIV
Course Title: MATERIALS DEGRADATION

. . Letnik

Studijski program in stopnja Studijska smer etni . Semester

. Academic

Study Programme and Level Study Field Year Semester

MAG Kemijsko inZenirstvo, 2. stopnja / 2. 3.
USP Chemical Engineering, 2" Cycle / 2nd 3rd

Vrsta predmeta / Course Type:

‘izbirni strokovni / Elective Professional ‘

Univerzitetna koda predmeta / University Course Code: \ IN2103

Samost. delo

Predavanja Sem!nar Vajt-':' Klinicne vaje Druvge o.llallke individual ECTS
Lectures Seminar Tutorial Work studija
Work
45 | 30 | / | / | / | 715 || s

Nosilec predmeta / Lecturer:

lzr. prof. dr. Marjan Marinsek /
Dr. Marjan Marinsek, Associate Professor

Jeziki / Languages:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Predavanja / Lectures:

slovenski / Slovenian

Vaje / Tutorial:|/

Prerequisites:

Student oz. kandidat mora imeti predmet
opredeljen kot studijsko obveznost.

The course has to be assigned to the student.

Vsebina:

Content (Syllabus outline):

1. Uvodni del

Definicija korozije, osnovna terminologija,
metode obravnavanja korozijskih fenomenov,
osnovne oblike korozije, gospodarske
posledice korozije

2. Korozijska termodinamika in kinetika v
vodnih raztopinah

Elektrokemijski potencial, Pourbaixovi
diagrami, Elektri¢ni dvosloj, Butler-Volmerjeva
enacba, Koncept meSanega potenciala,
korozijski tok in potencial, procesi pasivacije
3. Korozijski mehanizmi

Enakomerna, jamicasta, interkristalna,
galvanska, kavitacijska, napetostna, plinska

1. Introduction

Definition of corrosion, basic terminology,
dealing with corrosion phenomena, forms of
corrosion, impacts on the economy

2. Corrosion thermodynamics and kinetics in
aqueous solutions

Electrochemical potential, Pourbaix diagrams,
Electrical double layer, Butler-Volmer equation,
Concept of mixed potential, corrosion flow and
potential, passivation processes

3. Corrosion mechanisms

Uniform, pitting, intercrystalline, concentration-
cell corrosion, cavitation, stress, gas corrosion,
hydrogen brittleness, etc.
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korozija, vodikova krhkost ipd.

4. Splosne metode proucevanja korozijskih
pojavov

Elektrokemijske metode (potenciodinamicna,
Taflova analiza, polarizacijska upornost,
ciklicna voltammetrija, anodna reaktivacijska
plarizacija, impedancna spektroskopija),
ultrazvocna metoda, opticne metode,
standardne metode za preiskavo specifi¢nih
korozijskih oblik (interkristalna, kavitacijska,
napetostna, Spranjska)

5. Korozija in pasivacija pomembnejsih kovin
Zelezo in jekla, aluminij, cink, baker

6. Korozija polimerov

7. Korozija betonov

8. Zascita pred korozijo | — barvni premazi

9. Zascita pred korozijo Il — galvanizacija

10. Zascita pred korozijo 11l — energetski objekti
11. Zascita pred korozijo IV — ekstremni pogoji

4. Common methods for studying corrosion
Electrochemical methods (potentiodynamic,
Tafel analysis, polarization resistance, cyclic
voltammetry, anode reactivation polarisation,
impedance spectroscopy), ultrasound method,
optical methods, standard methods for testing
specific forms of corrosion (intercrystalline,
cavitation, stress, crevice)

5. Corrosion and passivation of major metals:
Iron and steel, aluminium, zinc, copper

6. Corrosion of polymers

7. Corrosion of concrete materials

8. Corrosion protection | — paint coatings

9. Corrosion protection Il — galvanization

10. Corrosion protection Il — power plants

11. Corrosion protection IV — extreme
conditions

Temeljna literatura in viri / Readings:

1. Corrosion — Understanding the Basics, Ed.: J.R. Davis, ASM International, Ohio, ZDA 2011,

563 strani (70%)

2. Introduction to Corrosion Science, E. McCafferty, Springer, 2010, 557 strani (30%)

Cilji in kompetence:

Objectives and Competences:

Cilj predmeta je, da se Studentje seznanijo z
mehanizmi propadanja razli¢nih vrst gradiv
(kovinskih, kerami¢nih, polimernih,
kompozitnih) ter z najpogostejSimi prakti¢nimi
pristopi k reSevanju te problematike.
Studentje si pri predmetu pridobijo naslednje
specificne kompetence:

- razumevanje termodinamskih principov, ki
vodijo do korozijskih procesov

- razumevanje korozijske kinetike, temeljece
na konceptu mesanih potencialov

- razumevanje kemijskih degradacijskih
procesov (kemijske spremembe v betonih,
polimernih materialih ipd.)

- poznavanje metod za ugotavljanje hitrosti
korozijskih procesov

- poznavanje moznosti kontrole propada
gradiv in zas¢ite pred njo

- obvladovanje izbranih inZenirskih pristopov k
odpravi prakti¢nih korozijskih primerov

Understanding the degradation mechanisms in
different materials (metallic, ceramic, polymer,
composites) and common practical solutions.
Subject specific competences include:

- understanding the principles of
thermodynamics which lead to corrosion

- understanding corrosion kinetics, based on the
concept of mixed potentials

- understanding chemical degradation
processes (chemical changes in concrete
structures, polymer materials, etc.)

- acquiring methods for determining the rate of
corrosion

- acquiring control methods for material
degradation and its prevention

- using appropriate engineering approaches to
combate corrosion

- using the knowledge in a chemical process unit
- ability to deal with a specific corrosion
problem by the use of literature
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- usposobljenost za uporabo pridobljenega
znanja v kemijskem obratu

- usposobljenost za samostojno obravnavo
specificnega korozijskega problema s pomocjo
ustrezne literature

- usposobljenost za izdelavo porocil o
ugotovljenih korozijskih procesih in
posledi¢nih ukrepih

- ability for writing reports on corrosion and its
negative impacts

Predvideni Studijski rezultati:

Intended Learning Outcomes:

Znanje in razumevanje

Razumevanje termodinamskih in kineti¢nih
principov, ki vodijo do propada gradiv;
Poznavanje metod za spremljanje in evalvacijo
propada gradiv; Razumevanje fenomenoloskih
procesov in mehanizmov korozije in pasivacije
kovin, propada keramicnih gradiv in
polimerov; Znanje o procesih degradacije, ki
potekajo na razli¢nih tipih gradiv (kovine,
keramika, polimeri, kompozitna gradiva)

Knowledge and Comprehension

Understanding of thermodynamics and kinetics
of corrosion. Understanding principles of testing
techniques for evaluation of material
degradation and its prevention. Understanding
of phenomenological processes and
mechanisms of corrosion, passivation of metals,
degradation of ceramics and polymers.
Obtaining basics of processes of degradation of
various types of materials (metals, ceramics,
polymers, composites).

Uporaba
Obvladovanje osnovnih inZenirskih

protikorozijskih ukrepov za razlicne tipe gradiv
in za razli¢ne vrste objektov; Razumevanje
rezultatov splosnih korozijskih metod
Sposobnost uporabe literaturnih podatkov pri
reSevanju konkretnih korozijskih problemov;
Sposobnost povzemanja bistvene informacije
iz izbranih korozijskih studij.

Application
Learning basic engineering practice for

corrosion prevention of various materials and
devices. Application of testing techniques for
evaluation of material degradation and its
prevention. Ability to summarize important
information from literature search and from
selected corrosion studies.

Refleksija
Kritiéna uporaba teoreticnih znanj pri

interpretaciji prakti¢nih meritev;
Kritiéna presoja rezultatov, pridobljenih z
razlicnimi metodologijami.

Analysis
Rational use of theory in interpretation of

practical corrosion tests.
Coherent evaluation of results obtained by
various experimental techniques.

Prenosljive spretnosti

Sposobnost identifikacije in reSevanja
problemov, vezanih na lastnosti gradiv;
Sposobnost povzemanja bistvenih informacij
iz strokovne in znanstvene literature;
Sposobnost zbiranja, interpretiranja in
kriticnega filtriranja (predvsem internetnih)
podatkov; sposobnost podajanja
pridobljenega znanja (pisanje porocil, ustne
predstavitve).

Skill-transference Ability

Ability for identification and solution of
corrosion problems related to materials
properties.

Ability to collect and categorize literature (web)
information and ability to present acquired
knowledge in written and oral form.
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Metode poucevanja in ucenja: Learning and Teaching Methods:

Predavanja (teoreti¢ne osnove, klasifikacija
korozijskih oblik, podroben studij izbrani
primerov propada gradiv, principi
protikorozijskih pristopov)

Seminar (Student skupaj s predavateljem
izbere konkretno temo, pripravi pisni seminar
in zagovarja seminar ustno v obliki mini
konference pred predavateljem in kolegi).
Predavatelj ob koncu semestra izda zbirko
vseh seminarjev in jo razdeli Studentom

Delez (v %) /

Nacini ocenjevanja: Weight (in %) Assessment:
Pisni in ustni izpit 80 Written and oral exam
Seminar 20 Seminar

Reference nosilca / Lecturer's references:

1. PECOVSKA-GJORGIEVICH, Margareta, ALEKSOVSKA, Slobotka, MARINSEK, Marjan,
DIMITROVSKA-LAZOVA, Sandra. Impedance and AC condustivity of GACr [sub] (1-x)Co [sub] xO
[sub] 3 (x=0,0.33,0.5,0.67 and 1) perovskites. Journal of the American Ceramic Society, 2014,
str. 3864-3871

2. NOVOSEL, Barbara, MARINSEK, Marjan, MACEK, Jadran. Deactivation of Ni-YSZ material in dry
methane and oxidation of various forms of deposited carbon. Journal of fuel cell science and
technology, 2012, vol. 9, no. 6, art. no. 061003 (7 str.)

3. MARINSEK, Marjan, ZUPAN, Klementina. Microstructure evaluation of sintered combustion-
derived fine powder NiO-YSZ. Ceramics international, 2010, vol. 36, no. 3, str. 1075-1082
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