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ABSTRACT

Investigations were carried out to study the effects of surface finish
on the etficiegncy of inhibitors lor Steels Corroding in 3 % WaCl. This
siudy was carred oul ‘owing o its importance in the drive towards
curtanling Lthe menace of corrosion in mmdustres where varieties of steels
are used for production structures. particularly when these structures are
imstalled oiifshare. In the course of the study, different grades of stes|
samples were polished with emery papers of vanous grades and then
gsubjected o corrosion study by total  dmmersion technigue and
electirochemical methods, the corrosion medis used was 35 NaCl solultion
contaimme 0,28 of sodiom nitrite, sodiom nitrate, sodium benzrodte or sodium
dichromate as inhibitors. The most prominent conclusions drawn from the
results were that the inhibition efficiency of te imhibitors generally rose
with surface moughness, but fell at & certain critical surface roughness
where higher concentration of the inhibitor in use was reguired and that
corroswon of carbon steels in 3% NaCl increased with inecrease in the carbon

content of the steel.
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CHAFTER ORKME

1.6 INTRODUCTIDM

According e Uhlig (1971}, wuntil recently Corrosion
of Materials &and other surface related phenomenon have
only been given little attention by metallurgist in
Epite of the +act that durability of machines and
etructures is controlled by surface related phenomenon.
Frominent among the surface phenomenon is Corrosion.

Iin nature, moegt metale are found as Oxides OF
Sulfides and energy in the form of heat or slectricity
is reguired to convert ore into -the form 3in which the
metals are commonly used. A= a result, metal products
always have a higher energy level than the ore from
which they are produced, and the Jlaws of nature demand
that the metal relinguish & portion of this energy by
reverting to some compounds closer to that of its
origin,. Bteaniar (19&2),; therefore defined Corrosion &8

the destructive alteration of s metal by chemical or

electrochemical reaction with itse EﬁvlrnHMInt.



Obne of the most prolific corroding media is the sea
Wwater (3-3.5% Nacl). Since it is = well known fact
that surface prtphrutinnl as well as inhibitore such as
Aitrite=s, nitrates, chromates and benzostes sffects the
corrosion of metsls, thi= project st out to
investigate the Effect of SBurface Rouwughness on the
pfficiency &f theese Inhibitore for BEter]l Corroding in

3X Hacl.

1.1 Dbiective and Scope of Study
This study was undertaken owing to its importance
in the industrisl application of different verieties of
EtrrlB. The main obiective of this work ie to
determine the sffect of wvwarying degree of roughness of
the surface of steels on the Inhibition Efficiency of
Corrosion Inhibitors for Steel Corroding in 3% Nacl.
In addition, the determination of the order of
effectiveness ior Inhibition Efficiency) o ¥ the
inhibitorse veed for this study as well as the ef+tect of

carbon content of steels on ite coarroeion wWwere aimed

at.



The corrosion inhibitors uweed were limited to
sodium benzoate, sodium nitrite, seodium dichrameste and
sodl um nitrate. This 1 due to their eesy Bvailabilaity
and the fact that more indept study of pach idnhibitor
is enhanced compared t; using Mmany inhibitors. The
surface roughnesse variation was limited to polishing
with four emery grades (0,1,2 and 3) to also allow for
indept study.

03l pipi carrying petroleum product antd other oil
product installation made of =teel are mostly off
shore, therefore are exposed to sea water (3% Nacl).
The corroding media wsed 1s mainly 3% MHacl, just to
Simulate sea water conditions.

The corrosion study was conducted using the totel
immereion tweting. Thims im due to the BEagy
availability of apparatus reguired end the satisfactory

repruduQEhilitv obtained by results fr oim this

technigue.

Y.2 Justification for Study

In Higeria, the mEin ety DF DUFr EBECOonomy is
Fetroleum which ise produced by the pil industries. The
various stages of production by oil industriee involves
the use of metals particularly steel, and these steels

are susceptible to corrosion. This has in the past

=



mani feeted ae pil =pillagee which constitute grest loswm
to the economy. According to l4eadi and HNewankwo
(19BT ) , oil spill incidents due fto corrosion involwved
18. 4% of the total spill incidente in the country from
the yvear 1976 to 1986. They al=sp stated that for this
same period, a total of 2005 oil spill incidents were
recorded by oil companies im Migeria, while the
estimated total guantity of oil spilled was 2,038,711
barrels. Bajaeh Bt al (1982), stated that in 19BO, an
offshore o1l rig exploded and within two HEEBEkKS the
equivalent of 2ZB0,000 barrels of oil spilt into the
EEE. Apart from the actual cost incurred due to oil
loss, the negative effect of epill incidents in the
marine biological communities i1s &adverse, eliminating
#ll forme of live including fish _which is the major
sgurce of livelihood +or people in the af¥fected areas.
In order to prevent theow loeses, the metals used
in this region, particularly in =sea water (=3% Nacll,
among wvarious other forme of protection, are protected
by the use of inhibitors. Thereftore, a setudy of the
eftect of the surface roughness (of carbon steel) on
the efficiency of inhibitors for steel corroding in 3%

Macl ie justified at thie particular time.
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2.0 LITERATURE REVIEW

4 | CORRDEBEION OF IRON AND STEEL
Corroeion of iron or steel, as Shreir (19786) puts

it, is essentially +the conversion of iron into a

hydrated form of iron opride i.Ee. rust. The driwving

force of the reaction is the tendency of iron to
combine with oeEvgen.

It has long been kEnown that iron ie not visibly
corroded inm the absence of either water oFf oxvygen. The
bverall resction in their presence may be written amss

4Fe + 30x + 2H=0 —= EFlzﬁ;.qu

hen the supply of ouygen s restricied, the
corrosion product may contain ferrous ions.

The cverall reaction can be broken down into two

reactions, ore producing electrons and  the other

consuming them ag shown in the eguations in the next

page.



4Fe—> AF2=" + Be tancdic reaction)

20= + 4H=0 4+ Be —» BOH- (Cathodic reaction!)
the overall reaction ie therefore:

AFe + 202 4+ 4H2D —> 4Fe (OH) =

Imn the presence of GCHyYOQeEn, the ferrous hydroxide
Will be converted into rust in the reaction,

4Fe (OH)2 + Dz — Z2Fe=0=.H=0 + 2H=D

Evane {15940}, has established that the conversion
of iron to rust is accompanied by a flow of electrons
in the metsl from anodic to the cathodic region and by
the movement of ideonse in solution. This wae buttressed
by the fect that the spatial separation of the anodice
cathodic zones on the surface of metal wunder laboratory
conditions, was so complete that the current flowing
Has equivalent to the corro=siocn rate. In order to
inhibit corrosion, it is necessary _to stop the flow of
current . Thies cean be achieved by suppreseing either
the cathodic or the anodic reaction or by inserting =
high resistance in the wlectrolytic path of the
corrosien current.

The corroesion o#f iron and eterle tekes place in
three major types of environment)g atmoepheric fumes and
vapour , by Ffluids and by spile. However, since this
project is based on wteels corroding in & solution, we

ehall]l consider only the corrosion of steels by Fluidse.



2l - 1 Corrosion of Steels by Fluids

Corrosion by fluid is of primary importance to the
process industry &nd a®m Staniar (19&2) put it, is
second only to atmoepheric corroslan in total wastage
gf metal =. This tvpe of corrosion is almost entirely

i
glectrochemical , since all metalis in Ccontact With an
electrical ly canducting fluid have a tendency {(known as
the "solution potentlal”) to go inte solutionm in the
Jform of iONS. When this occurs another metal or
hydrogen must be displaced from solution.

Typical of corrFrosion of metals by fluids is that of
stewl & . When steel is immersed in an agueous solution,

lran enters the solutian by displacing hydrogen, as

illustrated by figure | below.

: deogen Gaz
& J-r‘_lj.__. i .;.f?‘ - N O Fﬂ-fr

Fel* )
g o o ; v Yoa
I HEY
'] g L:I . - L =} ¢ (¥ I
.II .l .. '.'. _. -I
i \.t.lfq.-'nlifu"ﬁ "Lx ﬁ.ﬁﬁi‘r‘i //
fpncald 5% /, f"é'i/
] H—._':_"";':!i"; e .IIII
77 Fevilous fl'"r.'-t:/?'f-'
i i
fi
Anadic Reaction: Fe —= Fe*"* + 2g
Cathodic Reaction: 2H* + 2@g—= H=
Overall Reactiania Fa 4+ ZHY —» Fe** + H=

Fig-. 11 Corrosion of Stesl by Fluilds.



The surface where iron enters the solution is known

#5 the "anode"” and the area where hydrogen ise displaced
from the =plution is known &8s the "cathode". Bockris
e~ (1965) , concluded from peEermeatation experiment
that din acidic as well BB in slkaline solution,
hydrogen evolution on iren occurred according te &
coupled discharge — recombination - mechanism. AE long
as there are hydrogen dions in the soclution, the
corrosion process will continue. However , ae corrosion
proceeds, the hydrogen Fformed at the cathode is not
immediately evolved and & gaseous laver is formed over
the surface of the metal. This layer of hydrogen gas
interferese with the flow of electrons by preventing the
electron required to produce more nascent hydrogen.
This reduction in the flow oOf electronse slowse the
corrosion proceses and is called "polarization” and the
metal is said to be polarized.

2.1.2 Factors affecting the Rate of

Corroseion of Steels by Fluidns
It is & generally known fact that the majority of

corrosion reactions are very slow. However, certain
factore eerves a8 catalyet, idincreasing the rate of
corrosion where as other serves to retard the corrosion
process, either by slowing the rate of surface film

prowth or by improving on the passivity of the surface



film in the corroding media. Some of the more common

teactore are hydrooen—ion concentration, temperature and

velocity of Fluids.

2u1.F, .1 Hydrogen "ion Concentration:

AnyYthing that interteresn Hith the remocival of

hvdrogen from solution will =slow down the COrrosion

PrOCESE , while anvthing that aids in the removal of

hvdrogen from solution will epeed up the corFrosion

proceEsEs.
The addition of an alkali such a= caustic soda,

reduces the corrosion of steel s by reducing the

thereby

hydrogeEn—ion concentration of the eplution and-

decreasing the number of hvdroogen ions avaeilable for

displ escement. Conversely, the addition of an acid to &
solution accelerates corrosion by increasing the
hydrogen —-ion concentration. Thus the hydrogen =ion

concentration can determine the rate a8t which corrosion

DCCUr s.
Z2:.1.2.2 Temperatures

Temperature ies & major +fector controlling the rate

of corrosion by fluids. In general, & rise in

temperature increases the rate of corroslon procEsSs by

increasing the Jjonization and the mobility of all

reacting—fluwid phases.



Aleo tempersature mey heave an importent effect uwupon
Eur face film formation and itm enlubility. Film=s
forming a2t one temperature may not form at another, and
in general, the solubility of the film increa=ses with
increasing temperature. s

Local differences in the s=soclution temperature can
estabilish lopealized galvanic cells and cause serious
torroeion i evetems wher e corroeion would be

negligible under uniform temperature conditions.

2:1-2.3% Velocity of Flwuid

The velocity of corroeive Fluid can have an effect
upen the corrosion of steel Y], in construction of
piprlings, valven, pumps, hesat evchanger and &sgitated
veEse]l & . Fluidm moving at high velocity may damage
protective surface filme and accelerate corrosion in
localized areas. In general, the flow of a corroding

fluid across the surface of a metal relying upon &

passive film for corrosion resistance should be stream

line eand din the wWwords of Staniar {19862, should not
exceed & velocity of 1.8 — 2.4 m/is.
b S Ef fect of Surface Condition of

Metseals on Corroesion

The surface condition of a metal has considerable
bearing upon ites corrosion resistance. In general , &
smooth surface furnishes greatmr resisetance to

corresion than a rough one.



(4] emootl Eurface POERPESEEE tewer crevices and

indentations which might induce concentration - cell
corrosion and offers less murfaece sres on which attack
may initiate. Alsp, certain metal=s, such as &l umi rum
lead and stzinless steel , rely entirely upaon the

formation of a protective surface Ffilm for Enrrosion
resistance. This $ilm is more readily Fformed and
meinteined uwupon & ®wsmobth surface than wpen & rough
surfece.

Clean, empboth metal surfaces usually reguire lower
concentration of inhibitors tor protection than do
rough or dirty surfaces. Relative figures for minimum
concentration af benzoate, chromate, and nitrite
necessary to inhibit corrosion of mild steel with
various types of suUrface +inilh:in a recent laboratory

study by Bresher and Mercer (15&B) . The results shows

thet benzosate effectiveness is particularly susceptible

to =surface preparation. A particular method o+
preparing rusted surfaces is that invalving the
phoephate-del ayed—-chromate LFPDLC} technigue 2%

accomplished by Ride (1958) and Edward et al (1964).
This method involwes the treatment of the rusted metal
surface with an &cid phosphate solution to remove rusti

prior to the introduction of chromate inhibitor.



2.2 METHDD OF CORROSION TESTING

The 1deal corrosion—testing eqguipment wobld be
designed to duplicate conditione to which the materials

to be temted are exposed: to under operating conditions.

Buch eguipment wWwould incorporate features making it
possible to determine the effrct of tempErature,
velocity, aeration, turbulence, entrainment ,
ilpinglm:nt, gelvanic couplEs, plastic deformation,
residual ard applied stresses and joining and
fabrication metheds on the corrosion rate. However the

cost of such egquipment would approximate if not exceesd
that of & small-size plant. The most commonly used
method in the laborstory are the totel-immersion test,
the alternate—-immersion test, the partial—-immersion
teet,; and the salt-spray testy; the last being employed
extensively for protective coating®s.

s

2.2.1 Teotal - Immersion test

The method of total immermion test consists
essentially of immersing prepared and weighed sample in
the test splution for @ number of periods of wusually
two or more days duration and determining the weight
lpss by cleaning and reweighing the sample after each

period.

1=



According to Staniar ( 1962), the corrosion rate of metals and alloys 1s
expressed as weight loss per unit area or as penetration-rate factor. The
calculation of the rate, of centimetres penetration per month, i1s made as

follows:

R=(720 xW)Y/ (AxDxT)
where :
R = Corrosion rate, am penetration per month
W = Weight loss, grams
A = Area, sq. cm
D = Density, gram /cc
T = Time, hour
The total-immersion test 1s the most widely used method. Test data

obtained by this test method are very valuable, although it is desirable to
confirm results by special tests and by semi works or plant exposure (1f

possible).

Sinee variation m aeration, temperature and velocity have been found
to affect the result from this test, various devices have been used for
providing control of these three ma or factors, Where only moderate test
velocities are required, an apparatus in which the specimen are moved in a
vertical circular path, all portions of the surface of a specimen moving at

the same speed, has been used very successfully.
Statistical analysis of data from tests with this apparatus by wesley

(1943 ), demonstrated satisfactory repm@u:ﬁhii'rty of results.

13



i Blternate—1mmersion T&=st

Imn this testing sprocEdure , sEpeci sl mechanical
gquipmente is reguired which PEFmiLts automatic
immEer sion and withdrawals of the eamples from the
solution. The teset is designed to determine the effect
of a]ttrnnte exposure to the corrodant and to air, much
g8 occure in many tanke, pipeline=s, and on roofs. The
tests are normally conducted at room temperature or
prly wliohtly above. The test periocd ie uwuswally lonoer
than is employed in total-immersion testing. The
procedure for preparing teet samples and determining
the degree of deteriporation i=s the same as that used in

the toteal immereion test.

=

2.2.3 Fartial—-Immersion Test
In this test the samples are only partially
immersed in the test liguid. The object of this test

iz to determine the rate of corrosion at the liguid-

Yapour level. This is important in constant-=level

tankes and in partially fillwed pipelines.

1 4



2ol Salt—-Spray Test

The most common of the spray teet i= the sslt-=pray
test which was originally developed by Capp (1914) for
studving the protective value of imetallic coetings oOR
eteel under conditions that he hoped would stimul ate
exposure to a sea-coast atmosphere.

Fhosphate costings &are occeaeionally tested by
continuous salt spray without sealing oil film and are
expected to withstand one or two hours spray without
showing =sign of rust. The value of seuch a test in
cases where sealinog is normal ly wundertaken is Bxtremely
doubtful.

However , Dix (Jr} and Bowman {19327}, escertained
that the best resulte have been secured when the spray
hae been interrupted for B0 meny hourse evach day.

-

2.3 ELECTROCHEMICAL MEASUREMENT

In vwview of the electrochemical nature of corrosion, the

measuremente of miectrical properties of the nteriface

metal /solution are used extensively in fundamental
Etudien of the mechanism of corrosieon, corrosion
terting and in monitoring and control in Bervice. The

wide spread use of potentiostatic control and the
availability of & range of commercial potentiostats
hawve given a tremendous impetus to electrochemical

testing, though La Bue {(1%&6%), has expressed concern



(bout the proliferation of publications describing electrochemical
techniques for corrosion testing, and cautioned regarding the extrapolation
of results obtained i the laboratory with a potentiostat to the performance

of metal m service.

Important contributions in the use of electrical measurements i testing
have been made by numerous workers. prominent among them is Stern and
Geary (1957) who have developed the mportant concept of lmear
polarization, this n turn led to arapid electrochemical method for
determining cotrrosion rates, both in laboratory and plants. Pourbaix { 1973)
and his co-workers on the basis of a purely thermodynamic approach to
corrosion have constructed potential-pH diagrams for ma ority of metal ™
H;O systems, and by means of a combined thermodynamic and kinetic
approach have developed a method of predicting the conditions under

which a metal will corrode uniformly, pit, passive or remain immune.

24 PASSIVITY

When a metal is exposed to an environment under conditions such
that reaction of the metal with the environment ought to occur with

decrease in the thermodynamic free energy of the system, and it ( the

i



metal ) remain visibly unchanged for an indefinite period, the metal surface
i1s said to be passive. According to .shre-ir {1976), Faraday suggested that
passivation is caused by an invisible oxide film on the metal surface or by
an oxidized state of the surface, that prevents contact between the metal

and the solution. The modemn form of the oxade film theory due primarily

to Evans { 1960), has been challenged by proponents of theories of change

of the metallic surface mvolving not film formation but allotropic
modifications, electronic modifications or adsorption of ions or molecules.
However studies by Muller (1933), has shown quantitative evidence of the

presence of a compact solid film on passivated metal surface.
During passivation, the following may be observed :

(1) The appearance of the metal surface may change if the
passivating film 1s sufficiently thick.

(i1 ) The electrode potential of a passive metal is always appreciably
maore noble than its potential in the active state.

{ 11 ) Passivity 15 an anodic phenomenon, and control of corrosion
by decreasing cathodic reactivity or by cathodic protection is

not passivity.



Frominent amono various cauees of paesivation in
netal B ise the use of oxidizing and nofn=oxidil Fing
inhibitore. Becprding to Antropovy (1977), passivation
may be enhanced by the introduction of emall amount of
specinl substances Ell]lh imhibitore inte the corrosive

medium, thereby depressing ites agpressiveness.

2:4,1 Fassiwvating Oxide Film

Various independent technigues have been used to
study iron surfaces 1nhibited in sclutions of anions.
Studies by Hancock and Mayne (1958) and Brasher {19464)
have shown that immersion of iron bearing {ts air-=
formed oxide £ilm into seclutions of inhibitive anions
usually result in B thickening aof the oxide laveras
However , Mayne and Fage {(1972) have confirmed by their
study, the exception of this at low pH.

Kubaschewski and Hrasher (1959} have shown that
ocxide film growth on* drFron In inhibitive eolutions of
anipones as well as in mir, follows a direct logarithmic
law, the rate constant being penerally slightly greater
in molution than in air. According te Hoar (195&6),
inhibition of the corrosion of iron by anions results

from their effecte on thie oxide laver.

ie
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Fotential —pH Diagram +Ffor
Fe = Hz=U Sywtem

Thie Faurbaix plat of thermodynamic data of systens

a5 a Ffunction of electrode potential and pH has

contributed immensely to the mcience of corrosion. A
recent paper by Pourbais {1970 , examplifties the

usetul ness aof potentiostatic polarization curves in the
i
edperimentasl plotting of YAFrLIDUWES domains, such aB

protecting, pitting, general corrosion and passivity,

in thesg diagrams. This phenomenon is wWwell illustrated
By simplified YEFS1On of the Fe-H=0 potential-pH
Bquilibrium diagram {(shown in fig 2) after Deltombe and

Fourbaix (1954), in which corrosion proceeds when the
activity of Fe= ", Fe®* (aqg) or Feld=" lag) is 1IN EXCEss

af 10-% g iensl (0,086 p.p-m™ of Fel whereas passivity

is achieved when Fel(OH) =, Fea Da or FeiBH)s (i.2 rust
praduct ) 18 in equilibrium with the metal ions at
activities less than 10-* g ion/l. Also immunity is
achieved if Fe wetal in equilibrium with Fe=* (ag) or

Fes H* (ag)? at an activity less than 10°* g ion/l

Fe ")
o W
t+ -
* (ot
Fe™
AR
ot
ot
=
w
- T - .
v ; 1 pﬁ'—h

Flg 22 Equilibrium Potential=pH diagram for the Fe-Ha0
Systewm showing thae rones of stability of
Cation, anions and solid hyvdroxides imfter
Deltowbe and Pourbaix)



4o Y CORROSION INHIBITORS

A corrosion inhibitor is & Bubstance added to an

Enviranment in small cancentreations to reduce the
corrosion reate or prevent corroeion entirely. The
majority of inhibitor application for agQuUEouUs, or

partly aguebus systemsg are concerned with three main
typee of environment. wvizs:
fij Natural watere, EUuppl y waters, Iindustrial
cooling water etc,; in the npnear-neutral pH
range.

(13} Aguepus solutione of ecide as used in metal
cleaning processes such &as pickling for the
removal of rust or rolling scale during the
production and fabrication of metals, br in the

poet-service cleaning of metal surface.

tiii) Frimary and esecondary production of oil and

subsequent refining processes.

2.86.1 Classification o+Ff Inhibitors

Varioum mEethods of classifying inhibitors into
tvpes or groupg ar e in eMistence. However , these
classifications are not entirely seatisfactory beEcause
there is not always general agreement on the allocation
of an inhibitor to a particular gr oup . seome oOF the
main claesifications used particularly Ffor inhibitors

in near—-neutral pH aguepue systems are as followe.



2.6.1.1 Anodic or Cathodic Inhibitors

This classification i based on whether the

inhibitor ceauses increased polarization of the anodic
reaction imetal dissclution} or of the cathodic
FEacCtipon i.m. oxvaen ,reduction i in neasr-neutral

eolution}) or hydrogen discharge {(in acidic molution).

2.6.1.2 Oxidizing or Non—-0Oxidizing
Inhibitors
These are characterized by their ability to
passivate metal. In general, non-oxidizing inhibitors
require the presence of dissolved oxuygen in the liguid
phase for the maintenance of the passive onide Ffilm,
whereas dissoclved oxygen is not NECEEEETY with

oxidizing inhibitors.

2:6.1.3 O c or Inorganic
 §

This distinction ie based on the chemical nature of
the idinhibitor. However , in their inhibitive action,
ményY compounds that are prganic in nature as for
exampl e, the sodium saltes of carboxylic acide,; often
have more similarities with inorganic inhibitorms.

L., 6.1.4 Other Classifications of
Inhibitors

According to Antropov (1977), corresion inhibitors

nay aleo be classified ae ligquid-phase and vapour—-phase

or volatile, depending on the conditipns of their Wee.



2.b.l.4.1 Liguid—FPhase Inhibitors

These are subdivided according to their utilization
tin neutral, alkaline, or acidic medisl . The
inhibitors moet often uweed for neuvtral senlutions are
inorganic compounds of the anionic type. Their
inhibiting effect being associated with either the
cridati on of the metal surftace ieg nitrites and
chromates) or with the formation of a +Ffilm of a

difficulty soluble compound between the metal, and the

given anion and possibly, oxvgen i(eg phosphatel. An
exception is benzoate, whose inhibitinog effect is
mainly associated with adeorption pheEnomEns. A1l

corrosion inhibitars wused for neutral solutions slow
down predominantly the anodic reaction.
In glkaline solutions, anly high-malecular-weight

compounds possess some inhibitive properties.

Corrosion idinhibitors +for acidic s=solutions are
almost exclusively organic substances containing
nitrogen, sulphur or oxXYgen -— in the form of ABmino,
imino, and trioc groups and also ae carboxyl and
carbonyl . The inhibitive action of organic substances

ie due to their adsorption at the metal —scid interface
which retards cathodic and anodic reactions, thereby

reducing the corrobsiopn rate.



2.6.1.4.2 Vapour—FPhase Inhibitors

Thene are used for Eorrosion protection of
machines, apparsatus and other mets]l articles during
their service in the air medium, during trensportation
and storage. Theee inhibitore are usually sprinkled as
eplid in container or placed in & muslin bag cloeEe to
the surface to be protected. As a result of the
seufficiently high vapour pressure, volatile inhibitore
reach metal -air interface and dissolwve in the moisture
film covering the metal.

The compounds commonly umed ae vEpour -—phase
inhibitors are anions of low molecular weight to which

corresponding groups (g MDDz or CD:) are added.

2.4.2 Mechanism of Corromion |/ |
Inhibition by Inhibitorm

W
! 'I:‘ » -—-—-"'ri{
*

It is not often possible to assign a wifdle,
general mechanism of action to an inhibitor, because
the mechaniem may change with the condition of the

corFoding media. For instance, the corrosion of metals

in neutral eolutions differs from that in mcid
golutions in two important respects. In eir-saturated
ol ution, the main cathodic reaction in et ral

tolutions is the reduction of oxyvgen, in the reaction
Oz + Z2ZHz=0 + 4 —3> 40H-

Wheress in acid solution, it is hvdrogen evolution in

the reaction

2H* * Ze —» H=z



Corroding metal sUrfBCEE therefore, in acid
salution are oxide free, whersas in neutral solutions
metal suUrfaces are covered wWith films of oMidPE,
hydroxides or esalts, due to the reduced solubility of
these Epecies. Because of these differences,
substances which inhibit corraosion in acid s=olution by
adeorption of ocHide—-free surfacees, go not geEnerally

inhibit corrgsion in neutral sclution.

Z2.6.2.1 Mechanism of Corrosion
Imnhibition in Acid Solution

Putilove wt al (15940) and Trabanelli and Carassiti
(1970) wmtated that the corrosion of metals in AQUEBOUE
acid solutions can be inhibited by & very wide range of
substances. The primary stem in the action of these
inhibitors being agenerally sadsorption on the metal
surface, which is usuvally pxide-free in acid solution.
The adsorbed inhibitor then acte to retard the cathodic
and/or anodic electrochemical pProcesses of the
corrosion.

Epelboin et al {1972), obtained consistent result,
using the double laver capacity measurement for
determination of inhibitors adsorption on corFoding
metal s. BEtudiee by Zucchini et al (1970), Fujfii and
Aramaki (19&&) show that the efficiency of
inhibition can be guantitatively related to the amount

of adeorbed inhibitor on metal surface.



b 2.2 Mechanism of Corrosion
Inhibition in Neutral
SEolutions

Inhibition in neutral geplution ie due to compounds
which can form or stabilize protective surface filme.
The inhibitor may {nrm.ﬂ surface film of an insnluble
salt by precipitation or reaction. Inhibitors forming
filme of this type include salte of metals such as In,
Hg, Wi, Boluble Calcium Salts and Folyphospates. Evans
CIRED) stated that the mechanism of action ot
inhibitore seems Ffairly =straight forward. The =malt
tilme which are often guite thick and may be wvisible,
restrict diffusion, particularly pof dissolved oxygen to
the metal surface. The salt film bwing poor é]w:trnhit
surface, and are thus referred to as Cathodic
Inhibitoprs.

Anpother cleass of inhibitors is near-neutral
eclutions act= by stabilizing oxide films on metals to
form thin protectiwve passivating films. Such

inhibitors are the anionse of weak acids, some of the

moet important in practice being chromate, nitrite,
benzoate, eilicate, phosphate and borate. The
paesivating oxide film= pn metals opffer high resistance
toc the diffusion of metal ions &and the anodic reaction

o metal dissolution is inhibited, thus theer

inhibitive anione are refereed to ae Anodie Inhibitors.



Independent setudies by Brasher {(15&48), Freiman and
kplotyrkin (194%9), Gouda (1947, Foling (1970),
end otheres =how that the mechanism of action of
inhibitive anions on the corrosion of iron, Zinc ard
aluminum near-neutral solution involwea the following

imponritant functions.

(i1 Reduction of ihg dissolution rate o¥ the

passivating oxide film.

(id} Repairs of the prxide Ffilm by promotion of the

reformation of oxide.

(14} Repaire of the owide film by plugging pores

with in=ocluble compounds.

(3w} Frevention oDf the adsorption of aggressive
anions. -
2.6.3 Efficiency of Inhibitors

The mfficiency of an inhibiter under a given set of
condition according to Antropowv (1977}, i= expressed
by the relationshipi

I.E = A - B x 100
A

Mhere ¥ 1.E is the percent inhibition efficiency

] is the corrosion rate in uninhibited

medium



B i the corrosion rate in & mies i Lim

containing & certain concentration of

inhibitore.

In geEneral the efficiency iNErEABEEES with an
increase in inhibitor concentration. According to
Shreir ({19786, @a typical good inhibitor gives 95X

inhibition at a concentration of O.008% and O% at

O.0048%.,

Z.b.4 Factors #aAffecting the
Efficiency of Inhibitors

Brasher (1949}, aftfirmed that the corrosion'of 1ron
or =tee]l can be inhibited by the anions of most weak
acidse under suitable conditions. However, other anions
particularly those of strong acids, tend to prevent the
action of inhibitive anions and stimulate breakdown ot
the protective oxide Film. Exampl es aof much aggressive
anions are the halides, sulphstesn, nitrates etc.

It has been shown that most anions exhibit some
inhibitive and some aggressive behaviowr towards 1ron.
The balance between the inhibitive and Bgoressive

properties of a specific anion depends pn the following

factors.



2.5.4.1 Concentration of Anions
According to Pryor and Cohen 11953) ; inhibition of

irgn corrosion in distillied water occurs only when the

gnlon concentration exCEEds & critical vialue. At
concentrations below the critical value, inhibitiwve
Enions may &act qurunsi;nly and stimulate breakdown of
the oxide Ffilm. Judging.{rnn their critical inhibitive
concentrations, Brasher (19465 hag cCclessified a2 number
of anions in order of their inhibitive power towards
EtEEl . The order of decreaeing inhibitive efficiency
sz azide, ferricyvanide, nitrite, chromate, benzoate,
ferrocyanide, phosphate, tellurate, hydroxide,

cirbonate, chlorate, O-chlorbenzoate, bicarbonate,

fluoride, nitrate and formate.
2.6.8.2 pH Value of Corrosiwve Media

Inhibitive aniones are effectivé in preventing iron
corFroseion only at pH waluee mor e alksline thanm a
critical pH wvalus. For instance, the approximate
critical pH value for the inhibition of {iron or ateel
in about D.1.M splution of the anion increases in the
order: Chromate, 1.0 Brasher et al {1970), azelate, 4.5
Hayne and Ramshaw (1960} nitrite, 5.0-5.85 Legault and
Walker (19&4); benzoate, &.0 Davies and Slaiman (1971);
phosphate, 7.1 Prvor and Cohen (1951} hydroxide, = 12
Hersch et al (19461). The critical pH wvalue faor

inhibition depends on the concentration of the

inhibitive anion. In azelate and nitrite solutions,



the critical pH for inhibition decreseers 28 the &nian
toncentration increases while in the chse of benzroate
solution, increassing the Benroate caoancentration

dieplaces the critical pH to more alkaline valusee.

- Dissolwved Oxvogen Concentration
and Supply

The inhibition of iron by anions reguires a
critical minimum degree of oxidizing power in the
solution. Thie is normally esupplied by the diseolved

oXygeEn present in air zaturated soclution=s. Gilroy and
Hayne {13465) hawve ehown that the critical oRYQeEn
concentration Ffor inhibition of iron in O.1M sodium
benzoate (pH 7) is ==0.3 p.p.m., congiderably lese than
the air saturated concentration of == HB.p.p.m. As the
critical

oxygen concentration idis reduced below thise

value, the rate of breakdown of the passivating oxide

film incCreaEes.

The critical oxyvgen concentration for inhibition
depende on the nature of the anion. For instance {4
the inhibitive anion posmsmeses oxidizing properties mg
chromate, nitrite, etc then the presence of dissol ved
oxygen may not be necessary for inhibition.

Addition of an oxidizing agent may improve the
efficacy of inhibitive anion eg Mayne and Fage (1%70),
recently showed that the presence aof hydrogen peroxide
lowers the critical concentration of sodium benzobate
and sodium azelate required for the idinhibition of mteel

and also lowers the pH wvalues for inhibition.

—



Zobiaf .4 Aggressive anion concentration

According to Bogatyrewva and Balezin (195%9), when
sgoreseive anione are precent in the solution, the
critical concentration of inhibitiwve anions reqguired
for protection of irnn_ are increased. Brasher and
Hercer (194&B), have shown that the relationship between
the madimum concentration of agoressive concentration
of inhibitive anion :1n¢H\ih of the Form

log 'r:lnh = r log Clgg + K

where "K' is a constant diepending on th¥ nature of the

inhibitive and aggressive aniong and

b B ie an exponent which is approximately the

ratio of the valency of the inhibitive

anion to the valency of the agogressive

anion.

In general, the more lqgrilirvr the anion, the
amal ler the concentration which can be tolerated by an
inhibitive anibn. According to EBrasher et &l L1870
the order of tolerance of aggressive anions 1ig, With
certain exHceptions, consistent with the order o¥
aggreseiveness of these anions as determined from their

tendency to induce breakdown of the oxide film on iron

in aerated polutions.



2:8.48.5 Nature o+ the Metal Surface

The critical concentration of an anion required to

inhibit the corrosion _nf iren . may increase with
inEreasing surface roughness. Bracsher and Mercer
H1R&BY 4 ehowed that the minimum concentration af
benzoate required to protect & grit=-blasted stewl

gurface was about 100 times grester thamnm that reguilred

an abraded surface.

2.6.4.6 Temperature of Corroding HMedia

The critical concentrations of anions eg benzoate,
cthromate and nitrite reguired +for the protection of
steel increases &3 the temperature of the correoding
media increases. Studies by Omar (19871 ,; showsed
that effect of temperature on the p-EFEEﬂtIQE inhibition
efficiency depende largely on the concentration of
inhibitors. He concluded that at lower concentration
of inhibitor, the efficiency of the inhibitor decreaees
Wwith temperature whereas at higher concentration the

efficiency of the inhibitor increase=s with temperature.



CH&aFTER THREE

- E. 0 EXFERIMENTAL MATERIALS AND
FROCEDURE
A | Experimental Materials

The eamples used for the study consists of hot
relled Dead HMild Steel, Mild Steel and Medium Carbon
Eteel , collected from Oshogbp Steel Folling Company.
The classification of the samples were based nnl Bailey

| (IFT2) . The chemical analyseis bf these =samples FY
carried out on a spectrometer is given in table 1. The
mechanical properties of the samples are also given in

table 2. E

Table lr Chewmicel Composition of Carben Steels Studied .

Sample c gi Mn P 5 Cu Cr Ni Sn

E%ﬂ.?ild 0.1453(0.1531{0.5793(0.0587|0,0291 |0.2366 |0.09%61|0.1073}0.0495
e

ild Steel |0,1692(0.2377|0.7210(0.0392]|0.03190.2211(0.0975|0.0988|0.0316

ﬂégﬂ 0.3575|0.2413}0.92092|0.0432(0.0397 (0.2051 |0.0B72|0.6140(0.0328

fea ]




Table 2¢ MHechanical Properties of Carbon Stewsl Samples

studied
Samples Tensile Upper Yield Elangation
Strength Foint (N mmz) at
T rupture (%)
brad Hild Stesl 405 235 25
Al Steel sS40 - 22
Rediue Carbon Steel 40 358 L&
il Freparation of Samples +for

CorrFosion Studies

The samples used for general corrosion studies were
sachined to cylindrical rods of diameter &mm and length

s0nm as shown in figure 3 below.

——— = ™~
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Fig 3» Test plece used Tor corrosion studies.

Each of the Dead mild steel, mild steel and medium
tarbon steel samples wWere divided into Ffour Qroups
which were then polished wusing the "0OY, ML and
"3" in pbrder to get the reguired surface roughness of

the samples.



The samples were then cleaned in a mixture of wWater wsnd
acetone it remove any adherent grease and dirts. This
was fFfollowed by cleaning and drying of the samples,

which were Jlater placed in a desiccator in resadiness

rfor TheE EXDET 1 THENT .

.12 CorrFosion Environment

The corroding medium uwused for this study was 3%
Sodium Chloride {Nacl) solutien which was prepared by
mixing thoroughly in proportion 3 grams of Mac ] t o
100m]} of d£it11]lﬂ water .

The inhibitors wsed included Bodium Nitrate (Na
MO=} Sodium Nitrite (NanNOz ), Sodium HBenzoate and
SBodium Dichromate (Naz Cre=0-.2H=0). The concentration
of the inhibiter wused in epach case was 0, 2%. KHhile the
temperature of the corroding medium ae recorded from

the temperature probe fluctuated between 28<c and 307 g,

w2 Experimental Pr—n_l:u:luru-
The experimental procedure adopted +for this Etudy
is the total immersion test method. a1 sketch of the

experimental set up is shown in fig 4 below.

) . CucpendaT
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Fig 43 Experimental set up Yor Total Immersion Test.

- |



200m] of the prepared 3% MNacl solution was poured
into different beakerse containing 0.2% of the nitrate,
nitrite, benzoate and chromate inhibitore respectivelwy.
The weight of each =sample under investigation was then
taken, ueing an electronic Wweighing balance.

Dead mild seteel l{mplll poliehed with emery ograde O
were placed in four di+ferent beakers, epach containing
3% Nacl and one of the four inhibitors mentioned above.
The electrochemical potential of the corrodig media
containing these samples was also noted wsing the ELE
digital tﬁmpnrnture!pH!pntentia] meter. This procedure
was repeated after BveEry two days interval +for twel ve
davys. Dead mild Eteesl samples polished with Emery
grades 1, 2 and 3 were also immersed in different
beakers, each containing 33X Nacl soclution and one of
the four mentioned inhibitpors.

The abowve procedure was repeated for the mild steel
and medium carbon stee]l samples. The results are

o

presented in graphical form.

. R | Test To Determine HWHeight Loss

After two days of immersion of sach sample, the
corroelon producte formed on the surface of the samples
WEre removed by gently brushing the surface of the
samples, using a eoft plastic brush. The samples wWeBre
then dipped in a mixture of distilled water and acetone
to faecilitete quick drying of the samples and awvoid

Wwater—deposited films.



The samples were then weighed using an electronic weighing balance.
This procedure was repeated for twelve days. The corrosion was estimated
by weight loss per unit surface area of samples. Results of this test were
plotted as graphs of variation of weight loss with time of immersion,
variation of weight loss with surface roughness and variation of surface
roughness of the samples with the Inhibition Efficiency of each of the four

mnhibitors used ( as in figs 5 - 22 and 38 - 40).

322 Electrochemical Potential Measurement

Afier two days of immersion of each samples, the electrochemical
potential of each of the corroding media was noted, using the ELE digital
temperature/ pH/potential meter equipped with a reference platmum
¢lectrode. This procedure is repeated after every two days mterval for

twelve days. Results from this test are shown in figures 23 - 37.

323  Determination of Inhibition Efficiency

The mhibition efficiency was obtamed using datum from the weight

loss test by application of the formula suggested by Antropov (1977)

LE.=A-B x100%
A

.y



Where f o= Weight loss of sample without the iee of
an inhibiter and

] - Weight loss when the inhibitorse are used.
For the purpose of this study, the weight loss used

(value=s of B} was the total weight loss of each of the

mamples per surface area in 13 days.



CHAFTER FDOUOUR

4.6 OBSERVATIONS, RESULTE AND
DISCUSSIONS

4.1 OBEERVATIONS

Few hours after immersion of all the samples in the
variouse corroding media, bubbles of gases (eupposed to
be hydrogen gas) , were obeserved to evolwve from the
samplen, at YErYing degree. Farticularly, the
evolution of the gae bubblee in samples inhibited with
endium dichromate, and nitrite wWere very pronounced
while the evolution of gas on eamples inhibited with

sodium benzoate and nitrate was negligible and hardly

vigible. This is a pointer to the fact that in carbon

steel (immersed in 3% Nacll inhibited by sodium
dichromate and nitrite, hydrogen evolution is the
predominant cathodic reaction where &g, in other

eplutions oKX YQEN reduction is predominant 4 although
hydropen evolution to & leseer extent still occurs &B

an additional cathopodie reaction.



It was slso opbeerved that the surface roughness of
the samples had little effect on the extent of hydrogen
gas evolution. After about the sixth day of immersion,
the extent of evolution of the gas bubbles was markedly
reduced. This coupled ‘with the fact that the observed
rate of corrosion was decreasing with time of immereion
implied the formation' of passive oxide Ffilms on the
surface of the samples with time. The potential of the
Eamples were obeerved to be generally fluctuating with

immereion time.
4.2 RESULT

4,.2.1 Weight Loss Variation With
Immersion Time
The variation of weight loss per unit surface area
of Dead Mild Steel, Mild Steel and- Medium Carbon Steel
samples of various surface roughness with immersion
time in 3IX Nacl, without corrosion inhibitors are
presented in figures S5, & and 7. Eimilarly, figures B
= 10, 13 = 13, 14 = 1& and 17 = 1% Ehﬂnf the varjiation
of weight loes per unit swurface area of Dead HMild
Steel, HMild Etee) and Medium Carbon Steel of various
surface roughness with immereion time in 3% HNaegl usEing
Sodiun Nitrate, Mitrite, Chromate and Eenzoate

respectively as inhibitors.



J. 2.2 Weight Loss Variation With
Surface Roughness
In this study, the surface roughnese of a sample is

assumed to correspond to the emery grade with which the
tamples waes polished. In this regard theresfore,
figures 20, 21 and 22 Ppresent the effect of surface
roughness on the corrosion {(in weight lose per unit
area) of Dead mild steel, mild steel and medium carben
steel respectively in 3% Nacl. The graphs consist of
plots for samples in which corrosipn process was
inhibited b} Sodium Nitrate, Mitrite, Dichromate, and

Benzoate es well as for eamples that are not inhibited.

4.2, 3 Electrochemical Fotential Test

The potential variation of Dead mild s=steel, mild
steel and medium carbon steel samples with immersion
time in 3% Naecl, without the use ©of an inhibiter, and
when Sodium Nitrate, Nitrite, Dichromate and Benzoate
inhibitors are used respectively (for samples of
various surface roughness) are presented in figures, 23

- 25, 26 - 28, 29 - 31, 32 - 54 and 35 - 37.

4.2.4 Surface Roughness Variation With
Inhibition Efficiency

The effect of smurface roughness of Dead mild steel,
mild =steel and medium carbon steel samples on the
Inhibition efficiencies of Sodium Nitrite, Nitrate,
Dichromate and Eenzoate respectively are shown in

tigures I8, 39 and 40.
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4.3 DISCUSSIONS

4,31 Weight Loss Variation with inmersion Time

The weight loss of samples immersed 1 38 KNacl was found o
eeneraily increase sharply with mmmersion time for the lirst six days, alter
which the rate of corrosion (in weighl loss per unit surface area) starts
Lo dlelregse,

his couwld e due to the fact that in the [irst few davs, the axde
film on the samples has not been stabihized while in the later days, the
inhimitors used have enhanced the f‘hrmatinﬂ of passivating oxide films on
the sampies. which do not allow diffusion of metal ons and this inhibits
ithe anodic reaction e, metal dissolution. The fact that the graphs of
weig it loss versus immersion tme [shown in figs 5-19) follows the
parabolic law of oxidation, is a further proof that protective oxide fllms are
formed gpthe  samples.

Overall rate of corrosion 15 seen ta vary with the surface roughness
of the samples, the inhibitor used in the corroding medium and carbon
content of the sample. This is imperative from the fact that the weight
loss per unit surface aArea of sample of wvarious surface roughness
increased 1 the order of emery grades depicting that grade 3»2>1=0, We
can therefore. sav that the rate of weight loss of samples increases with
inicrease 1n aurface rmughness.

On the other hand. it is obvious from the eraphs that the tate of
werghl s of samples in different inhibitors are in the decreasang order.:

sovdium mitrate. sodiom benvoate. sodiom dichromate, sodiom nitrite.



It is alep interesting to note from oraphe of figw

¥ = 1JA that the rate of weioht loss of the samplen
lecreases in the following orders: Hedium Carbon Bteel,
13 § d Steel ., Dead Hild Steel. Theretore, 1t would be

orrect to assume that the rate of corrosiocn of Carbon
teel = in 3% Macl increases with increseae in cerbon

ortent of the steel

i HMeight Loss WVariation With
Burfaeace Roughness
Figure=s 20, 21 and 22 show & peneral indication of

ncresase of rate of weipht Jose with surface rouvghness
or all the carbon steel sampl Bs. However . cloupr
beervation of the greapha shows that the gradient o f
he plote for samples inhibited with sodium dichromate
nd sodium nitrite 18 Emall compared to that of samples
nhibited by sodium nitrate, scodium benzoate and that
ithout an inhibitor. Thie iIimplies thsat EUrface
cughness has little effect on the inhibitive power o+

odium dichromate mnd sodium nitrite.

. T ¢ Fotential Variation With
Immersion Time
The variation of the mlectrode potential of the
arbon steel]l samplee with immersion time (Ffigs 23 i
how ) rFapid fFluctuation ot the potential , mow 1 g

enerally in the noble direction with incressing taime.



Thie behaviour cepould be attributsd +to an overall
thickening of the pessiveting oxide Film due to =&
combination pf locally in:rhasempH and the presence of
dissalved oxvygeEn, while the fluctuation in the active
direction could be attributed to sporadic film break-
down by laroe concentration o # chloride ions {Cl=1}).
However , the vast rapid Fluctuations of theses

potentials a+ter a period of &4 dave are inexplicable by

the above factors.

4.3.4 Surf+ace Roughnesse VYariation With
Inhibition Efficiliency
Figures 3B, 3% and 40 wshow that for, mamples
inhibited with sodium nitrate, godium dichromate and

Lo i wum nitrite, the inhibition efficiency initially

risws &W gurface roughness increases from oY to a2
ind dropse as the surfece roughness increases from - i
F g cMER This drop may be due to the fact that a8 the

surfeace roughness increases, the corresion rate also
INMCrEasEEE 4 theretore, the concentration of inhibitors
~equired for inhibition iNCrEASES 4 but since the
~oncentration of the inhibitor remained constant with
inoerease in s=urface roughness, it i ImpErative that
the inhibition drops. For samples inhibited with
sodi um benzoate, it is observed that the percentage
nhibition efficiency remained constant at 4.9% with

rariation in surface roughness.



it could slso be seen from the graphs that the
ercentaoce inhibition efficiency of the inhibitione
ncreases in the feollowing orders sodium nitrate,
odium benzoate, sodium dichromste and sodium nitrite.
hie confirme the wvalidity of the weingpht loss twith
ime) test, which gave &n indication of & similar order

§ inhibition.



CHAFRFTER FIAVE
5. O CONCLUSIDONS AaAND RECOMMENDATIONS
T | CONCLUSIONS

FPased on the result from the research findinge, the

cllowing conclusions may be drawn.

1} When sodium nitrite, sodl um uithrnmnt-; Bodi um
benzoate or eodium nitrate OQrg used ae inhibitor,
they enhiance the formation oFf paEEwsl vating oxide
film on the corroding metal , thus inhibitinag the

eanodic reaction.

2} Corrosion rate oenerally IMNMCreEases with Eurftace

roughness.

=) Corrosion of carbon steels in 3% MNacl increases

with increase in carbon content of the steel.



74 SUrvace rougnhnness nas FICLrCae ETT L L Erly e

inhibitive power of seodium dichromate and wodioam

nitrite.

) The electrode potential of carbon steel showe rapid
fluctuation and move=s agerneral ]y in +the noble

direction with increasing time of immEreion.

5} The inhibition efficiency of inhibitors agenerally
rises ag the surface roughness increases, but falls
Bt & certain critical suirface rouphness where

higher concentration of inhibitors are reguired.

7l The inhibition efficiency of inhibitors, on the
corroeion of carbon steela in 2% Nacl increasee 1in

the order: sodium nitrate, sodium benzoate. sodium

dichromate, sodium nitrite.

2 RECOMMENDAT IONS

Based on the results cbtained from the ressarch

irk, the following recommendations are made:

|} The nitrite and chromate inhibitors being more
effective in &% Macl are recommended for UEe A%
corrosion inhibitere in thie media for carbon steel

of different surfsasce roughness.



1

21

Te generally inhibit corrosicn effectivel v, wher g
carbon stesgls are used in 3% Nacl , the surteace

roughnees should be as ¥ime as possible.

¥ the surtace texture of carbon steel=s to be RN Y- |
in . HNacl environment , is VB Y large, the
concentration of inhibitors ueed should be hHigh

encugh to obtain an optimum inhibition efficiency.

Hor e detail =study should be carried out on the
effect of surface roughness o varying
concentration o f sodium dichromate and =sodium
nitrite as these have been found to be far mor e
effective {(amw corrosion inhibitors} out of the Jour

inhibitors studied.
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