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Abstract

In this research, the effect of functionalized graphite nano-platelets (FGNP) on improvement of corrosion
protection of zinc rich epoxy coating in different percentages of FGNP and zinc powder were investigated.
TEM and SEM analysis, salt spray, electrochemical impedance spectroscopy, Pull- off adhesion and cathodic
delamination tests were used for evaluation of the coatings. The results showed that FGNP is able to enhance
the cathodic protection duration of ZRP from 14 days up to 42 days. Also, due to its lamellar structure, and
regular arrangements in nano-coating, FGNP is able to increase the second stage of ZRP corrosion protection
(barrier protection). The adhesion test results showed FGNP has a significant effect on adhesion strength
enhancement and by limiting OH- contents under layer the nano-coating enhances the cathodic delamination
resistance. So the service life of the nano- coating is increased. The best results were obtained for zinc rich
coating contains 75% of zinc dust with 0.75% wt of FGNP.

Keywords: Functionalized Graphite Nano-Platelets, Zinc Rich Coating, Adhesion, Cathodic Delamination;
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Abstract

If tape coating gets disbonded from pipeline surface, an appropriate environment for corrosion can be formed
under the disbonded coating. Disbonded coatings are usually tape (Poly-ethylene) coatings and can get disbond
in different morphologies. Despite extensive researches on corrosion under disbonded coatings, there are
limited studies about the pipeline weld line corrosion and electrochemical condition under disbonded coatings.
Therfore in this study, the effect of cathodic protection (CP) on electrochemical and corrosion of weld and
base metal of pipeline steel under disbonded coating were investigated. Results showed that due to increase
in corrosion rate and production of Fe?*, there was increase in H" concentraion and drop in pH with increase
in distnace respective to the open mouth (OM) of the simulated coating disbondment. Also, significant pitting
corrosion was observed at 8-12 cm from the OM where it had CP protection of -750 mV ., to -810 mV .
For welded samples, due to formation of localized galvanic cells despite the insignificant difference in pH and
potential distrbution under the simulated coating disbondment, higher corrosion rates in comparsion to base
alloy was obsrved. Also change in welding current of similar and dismilar welds only affected the corrosion
rate of pipeline steel, and did not affect the corrosion morphology of pipline steel under coating disbondment.

Keywords: Corrosion, Pipeline, Weld, Coating Disbondment, Cathodic Protection;
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Abstract

Titania-halloysite nanotubes (HNTs) nanocomposite coatings were electrophoretically deposited on the 3161
stainless steel substrate. Two-component suspensions of titania and HNTs particles (different ratios of titania
: HNTs wt% and constant particles concentration of 10g/1) in ethanol with 0.5g/1 of polyethyleneimine (PEI)
as the dispersant were used for electrophoretic deposition (EPD) experiments. EPD was performed at 60V
for 10 and 60s using a two-electrode cell. Coatings were sintered in vacuum furnace and at 700°C for 1h.
Microstructural, element mapping and EDX analysis were performed on the coatings using a SEM. It was
found that HNTs reinforce the microstructure of coatings and prevent from the cracking of coatings deposited
from the suspensions with HNTs>25wt%. The corrosion rate of substrate coated at 10 and 60s using the
suspensions with different ratios of titania: HNTs was measured by electrochemical polarization technique in
Ringer solution and at 37°C. The corrosion rate of substrates coated for 60s decreased as the HNTs content
increased in the suspension due to the crack-free microstructure of prepared coatings. However, the corrosion
rate of substrates coated at 10s increased as the HNTs content increased in the suspensions due to the less
packing density and thickness of prepared coatings.

Keywords: Corrosion; Coating; Titania-halloysite nanotubes (HNTs) nanocomposite; Electrophoretic
deposition (EPD); 316L stainless steel;
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The Effect Stress on Cracking of Type 304
Stainless Steel Amine Exchanger Sheets in
a Gas Sweetening Plant
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Abstract

Amine exchanger is an important equipment which used petrochemical industries especially in gas sweetening
plants. This equipment set between absorption and stripper towers and plays a vital role in amine solution
regeneration process. This study investigates cracking and leakage of a UNS S30400 type stainless steel plate
in an amine exchanger unit. In this regard, micro and macro examinations were performed on the plate. Also
amine solution and gasket material were analyzed. After primary examinations micro cracks were observed
on both sides of the plate, especially in the area with the most curvature. Also Scanning Electron Microscope
examinations revealed signs of interganular corrosion which were more severe under the gasket region of the
plate. Based on chemical analysis of amine solution the formate anions are three times more than accepted
amounts. Results showed that the main reason of cracking was intergranular corrosion accompanied by stress.
High concentration of formate in amine solution, and also high level of stress under gasket region, should have
encouraged the corrosion and cracking which verifird by U-bend tests.

Keywords: Exchanger, Cracking, Gas plant, Intergranular Corrosion;
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Abstract

In this research, the effect of time and temperature of active screen plasma nitriding (ASPN is a novel method
of coating) treatment on the surface properties of aluminum alloy 1050 was investigated. A11050 samples were
subjected to ASPN treatment in an atmosphere of %20H2-%80N2 at temperatures of 4500C and 5000C for 5
and 10 hours. The obtained phases and microstructure were studied by Grazing Incidence X-ray Diffraction
(GIXRD) and Field Emission-Scanning Electron Microscope (FE-SEM) equipped with EDS analyzer. The
corrosion resistance of treated and untreated samples was investigated by polarization and electrochemical
impedance spectroscopy (EIS) measurements. The results showed that the formed layer on the surface of
specimens consists of Fe2-3N and AIN phases. Microscopic evaluations revealed that the ASPN treatment
for 5 hours at 450°C resulted in the formation of nitride grains with an average diameter of ~85nm, while the
average size of nitride grains after 10 hours treatment at 5000C was about 233 nm. In addition, as the time
and temperature of ASPN treatment increased, the thickness of nitride layer increased from 1.4+0.4 to 5.8+0.9
micrometer. The best corrosion resistance, were measured in the sample of plasma nitrided at 5000C and 10h.
The corrosion mechanism of the nitride coating was localized pitting corrosion.

Keywords: Active screen plasma nitriding, A11050, Iron nitride, Aluminium nitride, Corrosion;
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1 - Conventional Plasma Nitriding (CPN)
3 - Active Screen Plasma Nitriding (ASPN)

2 - Hallow Cathode



V10 e gl (5 9, Jad (5585 b (ol (o805 9 40 (B9 3 oaudialagl iy (5 LB L 9 (S35 95 (93 oy 2

VWAl (aiehia Jloom YV oala) VY o ylach ((Suy 93 oenige § aple dolilind

141

b5 O gl 5% (255 05037288 515 b5l 30 s
s ol VISaSTAT4 Jube EG&G Sl il o8z
45 pale VS 6o pls &G 05T ) el s
Sas Ol b pad mlaw g el VAT Colas
Je IS o o 25 S ols 35 2SI s (glionds ;S
(WE) s, 55,31 (CE) N eyl 35 S (RE)
53 eddoslinal fu b o3limal i IS ZY/0 Jglos
Sy Lo Lol (flat cell) ciw SR
Voo Ode ay il js badiged 39 4l 5 Sy (oo ) Joles
o SU 4 LOT sl b di § 15 Jous 4o 46
Sphe =00 oty o3k 53 O gl M 05031 0Ty
reildgal O5a5T i plil g e io B VOC &
Js EG&G Sl genily o&iws bawy 55 olard s S
o obeis 2SI Gl 2o le3T s el VrsaSTAT4
Soo Ve kHz UV mHz 3l8 5 oguous s glal b
Cowdy Db Ll plsil 2o ds 0 S 4 (sl o pls o
o 35 LSTmpWin 3.21 15! e 3 ealial b odeT

RO

GO a0 5 F0C o sles AN Y H | ja!
oo d Cele Ve 50 Side g A lST Ve S5 LA
P Sllas o odlb 655 L plewdly (22055 5
e ) wms sl Gl sl sy cal s B 81
elewdly 23055 58 AT 3.l odiboslinnl b= Sl >
O P W S S IR TP R PO PACTSps
5 ey sl o L1 mhaws g dlaios (WIS 5 WT) it
O odly o sy (2305555 250 00 xSl
(g 00 JIOr Sy s b aniotes plie 53 it

Al el 5 Ve (I LS s 5 T/ JIY 0L oas
Sosedld H5 Fay a glewdly (23055 58 Slles ol
ok A Cales wSt3T (S eslu 3V b i 1 Siis
Fades Vv kS 6 SIS w55 b e sl S
sl bl 5 Hs Olasie Al 4 (Il gl O pen
ol ods et ¥ Jgdar 53 @ ge5 (5,8 5| o goi 4 by e
Ly odd 23055, Sdged Lol &S Sl S5 L6
- 0 G @S S 5 GIXRD! (WS615 5 Ay

EDS" 55 JUT & g2 FE-SEM" ; gos il foS

AV ) wlgicdy e dube il paizeg)T SWT aloasd S 551 Jg3a

:,.sll.i.: Al I Mi Fh L Jelix fuvin Hi
W %, B4 pamy TTE v afaap vl Vi F aiaalf Vo
Jled 6995 b (alamsdly (503039 48 095 ddhize jl Suiloads JSub -\ JSibs
Q903 55 )13 bgs po 51 yiell 9 595 baskie - ¥ U3
S et | g Flee A Sop cebhe | e FE S CE
T '."}__q..i -.lTl‘_.la._ﬁ 1. ._:'al_"l_.a v ._::al_"l:a Lo ._I.':ul._nll L

1 - Conventional Plasma Nitriding (CPN)
3 - Active Screen Plasma Nitriding (ASPN)

2 - Hallow Cathode
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Abstract

One of the most important uses of aluminum is alkaline batteries. The main obstacle of such applications is its
high corrosion rate.The present work is a trial to overcome the self-corrosion issue of aluminum and find out a
cheap, safe and eco-friendly inhibitor.

In this research the inhibition effect of Gum Arabic (GA) on the aluminum corrosion in 4 M KOH solution has
been investigated by hydrogen evolution test, open circuit potential (OCP), potentiodynamic polarisation and
the surface analysis method. The Obtained results showed that GA prevents aluminum corrosion in alkaline
media and inhibition efficiency (IE%) enhances with the increase in the concentration of GA and decrease
with the increase in the temperature. At the highest concentration of GA (at 25°C) the inhibition efficiency
is 75.25%. Also the Kads value reduce with the increase in the temperature, which indicates that inhibitor
molecules physically adsorbed on aluminum surface. Due to the presence of significant amount of polar groups
in GA structure, it blocks the surface of the aluminum by adsorption onto its surface, prevents its corrosion.
SEM and EDAX results showed that in the presence of GA, the corrosion rate is clearly reduced and a stable
protective layer cover the aluminum surface. The potentiodynamic polarisation results also indicate that the
GA acts as a mixed type inhibitor.

Keywords: Aluminum, Gum Arabic, Corrosion, Inhibitor, Electrochemical Methods;
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2 - Energy dispersive analysis of X-ray
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Abstract

In this study, effect of Fumaria officinalis extract, as a natural inhibitor, on the corrosion of carbon steel
in hydrochloric acid solution has been studied by using electrochemical polarization and electrochemical
impedance spectroscopy methods. The results show that the Fumaria officinalis extract have 94.97% mean
efficiency at 2.0 g/L concentrations which shows that this extract is a fairly good inhibitor. Polarization curves
indicated that this inhibitor is a mixed (cathodic/ anodic) one. According to the obtained results, inhibition
efficiency increases by increasing the inhibitor concentration. Investigation of the effect of temperature on
the efficiency of the extract was done by electrochemical polarization method in the range of 35- 65°C which
shows that efficiency of the extract decrease by increasing the temperature. Adsorption of inhibitor follows
the Langmuir adsorption isotherm in this range of temperature. Thermodynamic adsorption parameters (K _,
AG,,) of inhibitor were calculated by using the Langmuir adsorption isotherm. The values of AGads for all
temperatures were close to -16 kJ mol!, which indicates the electrostatic adsorption (physical adsorption)
of the extracts molecules on the surface of the metal. Activation parameters of the corrosion process such
as activation energies, E , activation enthalpies, AH* and activation entropies, AS*, were calculated by the
obtained corrosion rates at different temperatures. The amount of activation energy of the acid solution with
the extract is larger than it without the extract which confirm that the adsorption is physical.

Keywords: Natural inhibitor, Carbon steel, Hydrochloric acid, Fumaria officinalis extract, Electrochemical
polarization method, Electrochemical impedance spectroscopy;
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