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ABSTRACT

Investigations were carried out to study the effects of surface finish

on the efficiency of inhibitors for Steels Corroding in 3% NaCl. This

study was carried out :owing to its importance in the drive towards

curtailin g the menace of corrosion in industries where varieties of steels

are used for production structures, particularly when these structures are

Installed offshore. In the course of the study, different grades of steel

samples were- polished with emery papers of various grades and then

subjected to corrosion study by total immersion technique and

electrochemical methods, the corrosion media used was 3% NaCl solultion

containing 0.2% of sodium nitrite, sodium nitrate, sodium benzoate or sodium

dichromate as inhibitors. The most prominent conclusions drawn from the

results were that the inhibition efficiency of te inhibitors generally rose

with surface roughness, but fell at a certain critical surface roughness

where higher concentration of the inhibitor in use was required and that

corrosion of carbon steels in 3% NaCl increased with increase in the carbon

content of the steel.
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CHAPTER ONE

1.0 INTRODUCTION

Ac cor d'in9 t 0 U h 1i g (19 7 1), u n t i] I~e cen t ] y Cor '" 0 s ion

of Materials and other surface related phenomenon have

only been

spi te of

structures

given little attention by metallurgi~t in

the fact that durability of machines and

is controlled by surface related ~henomenon.

Prominent among the surface phenomenon is Corrosion.

In found as 0): i des ornature, most metals are

Sulfides and energy in the form of heat or eJectlrjcity

is required to convert ore into -the form in which the

metals are commonly used. As a result, met.al products

always ore fromhave a energy level than thehigher

which they are produced,

that the metal relinquish

and the laws of nature demand

a portion of this energy by

that of itsreverting t.o some compounds closer to

origin. (1962), therefore defined Corrosion as

alteration of a metal by chemical or

Staniar

the destructive

electrochemical reaction with its environment.
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One of the most proljfic corroding media is the sea

water (3-3.51. wel] knownNilCl). factSince it i s a

that surface preparation as well as inhibitors such

nitrites, nitrates, chromates and benzoates affects the

corrosion project set out toof metals-, this

investigate Surface Roughness on thethe Effect of

efficiency 6f Steel Corr'od; ng inthese Inhibitors for

3'>: Nacl.

1.1 Objective and Scope o~ Study

This study was undertaken owing to its importance

in the industrial application of different varieties of

steels. The main objective of this work is to

determine the effect of varying de~ree of roughness of

the surface of steels on the Inhibition Efficiency of

Corrosion Inhibitors for Steel. Corroding in 31. Nacl.

In addition, order ofthe of thedetermination

effectiveness (or Inhibition Efficiency) of the

inhibitors used for this study as well as the effect of

carbon content corrosion were

j

aimedof steels on it.1S

at.



-------=::-...------------- -~-- '~-----...

The used limited tocorrosion inhibitors were

sodium benz oate, sodium njtrite, sodium dichrom8te and

sodium nitrate. This is due to their easy availability

and the fact that more indept study of each inhibitor

is i nhi bi tor's. Theenhanced compared to using many

surface roughness variation was limited to

and 3) tel also

polishing

allow forwith four emery grades (0,1.,2

indept study.

Oil pipe carrying petroleum product and other oil

product installation made of steel are mostly off

shore, therefore are exposed to sea water (3% Nacl).

The just tocorroding media used is mainly 3% Nacl

Simulate sea water conditions.

The corrosion study was conducted using the tot al

This is due to the easy

required and the satisfactory

by r'esuI ts fro m t his

immersion testing.

availability of apparatus

reproduc~bility obtained

technique.

1.2 austi~ication ~or Study

In stay i sofNigeria, the main our economy

Petroleum which is produced by the oil industries. The

various stages of production by oil industries involves

the use of metals particularly steel, and these steels

are susceptible to corrosion. This has in the past
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m~nifested as oil spillages which constitute great 10s6

to the According to Ifeadi and Nwankwoeconomy.

(1987) , incident.s due to corrosion involvedoil spill

18.4% of the total spill incidents in the country from

the year 1976 to for thisThey also stated that

same per i od , a total of 2005 incidents wereoil spill

recorded b. y theoil companies in while

estimated total quantity of ol.l spilled was 2,038,711

barrels. Bajah et al (1982) stated that in 1980, an

offshore oil rig exploded within two wee~:s theand

equivalent of 280,000 barre'l5 of oil spilt'into the

sea. Apart due to oilfrom the actual cost incurred

10S5, incidents in thethe negative effect of spill

mar i ne biological communities is adverse, eliminating

all forms of live including fish which is the major

source of livelihood for people in the affected areas.

In order losses, the metals usedto prevent these

in this region, particularly in sea water (::::3'% Nacl>,

among various other are protectedforms of protection,

by the use of inhibitors. Therefore, a study of the

effect of roughness (of carbon steel)the surface on

the efficiency of inhibitors for steel corroding in 3'%

Necl is justified at this par~icular·time.



Cl-~APTER TWO

2.0 LITERATURE REVIEW

2. 1 CORROSION OF IRON AND STEEL

Corrosion of iron or steel, as Shreir (j97b> puts

it, is essentially conversionthe of iron into a

hydrated The drivingform of iron oxide i.e. rust.

force of the reaction i 5 the tendency of iron to

combine with oxygen.

It has long been ~nown that iron is not visibly

water or oxygen. Thecorroded in the absence of either

overall reaction in their presence may be written as:

4Fe of· 302 + 2H..,O

When the supply of

~ 2Fe20::!!'.H~O

restricted, theoxygen is

corrosion produ~t may cnntain

The overall reaction can

ferrous ions.

be broken down into two

reactions, and I the otherproducing

as !Shown in

one electrons

consuming them

page.

the equations in the next



--=-=----=-- ~ - - - -- ----- - - ---- - - - - -~--

4Fe~ 4Fe z-+ + Be

202 + 4H20 + Be ~ 80H-

(anodic reaction)

(Cathodic reaction)

the overall reaction is therefore:

4Fe + 202 + 4H20'~ 4Fe (OH)2

In the presence of oxygen, the ferrous

will be converted into. rust in the reaction,

4Fe (OH)2 + O2 ~2Fe203aH20 + 2H20

Evans (1960), has established that the conversion

hydroxide

of :i r o n to rust is accompanied by a flow of electrons

in the metal from e n o d t c to the cathodic region and by

the movement of This •...•as buttrewssedions in solution.

by the fact spatial separation of the anodicthat the

cathodic zones on the surface of metal under laboratory

condi t ions" complete that the current flowingwas so

was equivalent to In order tothe corrosion rate.

inhibit corrosion, it is necessary~to stop the flow of

be achieved by suppressing eithercurrent~ This can

the cathodic reaction or by insertingor the anodic a

high of theresistance :i n the electrolytic path

corrosion current.

The iron and steels takes place incorrosion of

three major types of environment;

vapour, by fluids and by soils.

atmospheric fumes and

However, since this

project is based on steels corroding in a solution, we

shall consider only the torrosion of steels by fluid~.



2. 1• 1 Corrosion 0+ Steels by Fluids

Corrosion by fluid is of primary import~nce to the

process industry put is:;it,as:;Staniar ( 1962)and

second on 1y to in totalatmo~pheric corrosion waratiillge

of metal s. corrosion 15 almo5t entirelyThis type of

elec.troc:hemic:al, contact with ansince all metals in

electrically conducting fluid have a tendency (known as

the "solution thepotential") to go into solution in

form another metalof ions_ When this oroccurs

hydrogen must be di~placed from solution.

Typical of corrosion of metals by fluids is that of

steels. When steel is immersed in an aqueous solution,

iron by displacing hydrogen, as:;the solutionenters

illustrated ·by figure 1 below.

o
o

o

jl! Jsru~~Ylor;
0 D

FiH
0 £) oD 0 0 0 j 1u o 0

i) 0
G V

f1/

Anodic Reaction:
Cathodic Reaction:

Fe ----7 Fe+"-
2H.... + 2e-

+ 2e
H-.

Overall Reaction:

Fig. 1. Corrosion o~ St •• l by Fluids.



The surface where iron enters the solution is known

as the Hanode H and the area where hydrogen is displaced

from the the "cathode". Bockrissolution is known as

:!:??~_.(1965), from permeatation experjmentconcluded

that in as in alkaline solution,acidic wellCIS

hydrogen toevolution accordingon iron occurred a

coupled discharge - rectimbination - mechanism. As long

there hydr·ogen the solution, theions inas are

corrosion p~ocess will continue. However, as corrosion

proceeds ,. the cathode is notthe hydrogen formed at

immediately evolved and a gaseous layer is formed over

the surface of the metal. This layer of hydrogen gas

interferes with the flow of electrons by preventing the

electron required more nascent hydrogen.to produce

Thi 5 of electrons slows thereduction in the flow

corrosion process and is called "polarization" and the

metal is said to be polarized.

2. 1.2 Factors a~~ecting the
Corrosion o~ Steels by

Rate o~
Fluids

It is a generally known fact that the majority of

corrosion reactions are very slow. However, certain

factors serves increasing the rete ofcatalY6t,

corrosion where as other serves to retard the corrosion

of surface filmeither by slowing theprocess,

growth or by improving on the passivity of the surface



film in the corroding media. Some of

factors are hydrogen-ion concentration,

velocity of fluids.

the more common

temperature and

2.1.2 •. 1 Hydro~en'ion Concentration:

Anything that interferes

hydrogen from solution will

with the removal of

slow down the corrosion

process,

hydrogen

process.

The

while anything of·that: aids in the remclval

solution wi I ) speed up . the corrosion

an alkaliaddition of such as caustic soda,

reduces steels by reducing thethe corrosion of

hydrogen-ion concentration of the solution and· thereby

decreasi ng the number of hydrogen ions available for

the addition of an acid to adisplacement. Conversely,

solution

hydrogen

corrosion by increasingaccelerates the

-ion concentration. Thus the hydrogen -ion

concentration can

occurs.

determine the rate at which corrosion

2.1.2.2 Temperature

Temperature is a major factor controlling the rate

of general., a ri se incorrosion by fluids. In

temperature increases the rate of co~rosion process by

alli ncreasi r.g mobility ofthe ionization and the

reacting-fluid phases.



Also temper~tur~ may h~ve an important effect upon

surface solubility. Filmsfilm formation and its

forming at one temperature may not form at another, and

in gene'r"al, the solubility of the film increases with

increasing temperatul~e.·

Local differences in the solution temperature can

establish localized g~lvanjc cause seriousc e] 1 s and

corrosion in where corrosion would besystems

negligible under uniform temperature co~ditions~

Velocity o~ Fluid

The velocity of corrosive fluid can have an effect

upon t.he corrosi. on in constrvction ofof steel used

pipelines, valves, eHchanger and agitatedpumps, heat

vessels. Fluids damagemoving at h:i.gh velocity may

protective corrosion insurface films and accelerate

localized areas. corrodingIn general, the flow of a

fluid across the relying upon ametalsurface of a

passive film for corrosion resistance should be stream

line and the words (1962), should notin of Staniar

exceed a velocity at 1.8 - 2.4 m/s.

2. 1• 3 Sur~ace Condition 0+
Corrosion

E++ec:t 0+
Metals on

The surface metal has considerablecondition of a

bearjng upon In general, aits corrosion resistance.

smooth greatel~ r: e s i IS t a ri c f!' tosurface fur"ni shes

corrosion than a rough one.

10



A crevices endsmooth possesses fewersurface

indent at ions induce concentration cellwhich might

corrosion and offers attackless ~urface area on which

may initiate. Also, certain metals, such as aluminum,

lead upon theand stainless sf:eel, entirelyrely

format i on f i 1 m for c or r-o s a onof a prot~ctive surface

resistance. formed andThis film is more readily

maintained roughsmooth surface than uponupon a

surface.

Clean, smooth metal surfaces usually require lower

concent rat i on than doof for protectioninhibitors

rough or di rty minimumsurfaces. Relative figures for

concentration chromate, nitriteof benzoate, and

necessar"y to inhibit mild steel withcorrosion of

various types of
,i>

surface finish in a recent;. laboratory

study by Brasher The results showsand Mer cer (1968).

that benzoate effectiveness is particularly susceptible

to method ofsurface A particularpreparation.

preparing that therusted surfaces is involving

phosphate-delayed-chromate technique as(PDC)

accomplished by and Edward et al (1966).Ride (1958)

This method involves metalthe treatment of the rusted

surf ace with an rustacid phosphate solution to remove

prior to the introduction of chromate inhibitor.

11



2.2 METHOD OF CORROSION TESTING

.The beideal equipment wouldcorrosion-testing

designed to duplicate conditions to which the materials

to be tested are exposed· to under operating conditions.

Such equipment would incorporate features making it

possible to determine' the effect of temperature,

velocity, turbulence, ent.rainment,

deformation,

aeration,

impingement, galvanic plastic

and

couples,

stresses joining andresidual and applied

fabrication methods on the corrosion rate. However the

cost of such equipment would approximate if not exceed

that of a small-size plant. The most commonly used

method in the laboratory are the total-immersion test,

the alternate-immersion test, the partial-immersion

test, and the salt-spray test; the last being

extensively for protective coatings.

employed

2.2. 1 Total-Immersion test

The test consistsmethod of total immersion

essentially of immersing prepared

the test solution for a number

and weighed sample in

of periods of usually

determining the wejght

the sample after each

two or

loss by

period.

more days duration and

cleaning and reweighing

12
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According to Staniar ( 1962), the corrosion rate of metals and alloys is

expressed as weight loss per unit area or as penetration -rate factor. The

calculation of the rate, of centimetres penetration per month, is made as

follows:

R = (720 x W ) / (A x D x T )

where:

R = Corrosion rate, em penetration per month

W = Weight loss, grams

A = Area, sq. em

D =Density, gramJcc

T = Time, hour

The total-immersion test is 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 ( if

possible).

Since variation in 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.

V
Statistical analysis of data from tests with this apparatus by wesley

.
(1943 ), demonstrated satisfactory reproducability of results.

13
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2.2.2 Alternate-Immersion Teet

In .pr·ocedure, spec.ial

permits

mechanical

automatic

this testing

equi pment s

i mmer si on

is required

wit.hdrawals

which

and from theof the samples

solution. The test is designed to determine the effect

of al t.ernate exposure to the corrodant and to air, such

as occurs in many tanks, pipelines, and on roofs. The

tests normally r·oom temper·atllre orconducted atare

only slightly above.

than is employed

procedure

in

The test period is usually longer

total-immersion testi~g. The

test samples and determiningfor preparing

the degree of deterioration

the total i mmerej on test.

is the same as that used in

2.2.3 Partial-Immersion Test

In only partially

of this test

this test the samples are

immersed in the t.est liquid. The object

is to corrosion at the liquid-d e t e r· mi. net h e rate of

vapour level. const.ant-levelThis i s important in

tanks and in partially filled pipelines.

14
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2.2.4 Salt-Spray Test

The most common of the spr~y test is the salt-spray

test whi.ch was originally developed by Capp (1914) for

studying the protective value of metallic coatings on

steel under conditions that he hoped would stimulate

exposure to a sea-coast atmosphere.

Phosphate coatings are occasionally tested by

continuous 5alt spray without sealing ojl film and are

expected to withstand one or two houy·s spray without

showing sign of rust. a test inThe value of such

cases where sealing is normally undertaken is extremely

doubtful.

However, Dix (Jr) and Bowman (1937), ascertained

that the best results have been secured when the spray

has been interrupted for so many hours each day.

2 ..,.• ...> ELECTROCHEMICAL MEASUREMENT

In view of the electrochemical nature of corrosion, the

measurements of el~ctrical properties of the

metal/solution fundamentalused extensively inare

studies corrosionof the mechanism of corrosion.,

testing and in Themonitoring and control in service.

wide thecontrol andspread of potentiostaticuse

availability potl!'ntiostatsof range of commercial

have electrochemicalgiven a tremendous impetu5 to

testing, though La Que (1969), has expressed concern



about the proliferation of publications describing electrochemical

techniques for corrosion testing, and cautioned regarding the extrapolation

of results obtained in the laboratory with a potentiostat to the performance

of metal in service .

.Important contributions in the use of electrical measurements in testing

have been made by numerous workers. prominent among them is Stern and

Geary (1957) who have developed the important concept oflinear

polarization, this in turn led, to a rapid electrochemical method for

determining corrosion 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 forma ority of metal-

H20 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.

2.4 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

16



metal) remain visibly unchanged for an indefinite period, the metal surface

)
is said to be passive. According to shreir (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 modern form of the oxide film theory due primarily

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

of the metallic surface involving 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:

(i) The appearance of the metal surface may change if the

passivating film is sufficiently thick.

( ii ) The electrode potential of a passive metal is always appreciably

more noble than its potential in the active state.

( iii ) Passivity is an anodic phenomenon, and control of corrosion

by decreasing cathodic reactivity or by cathodic protection is

not passivity.

17
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met a 1 s j s the of o x a d i z d n q and n on+-o » i di z j ngLise

inhibitors. According to Antropev (1977), passivation

may be enhanced by the introduction of small amount of

special substances called inhibitors into the cbrrosive

medium, thereby depressing lts aggressiveness.

2.4. 1 Passivating Oxide Film

Various have been used :toindependent techniques

study
.

in solution-s of anions.iron surfaces inhibited

Studies by Hancock and Mayne (1958) and Brasher ( 1966)

have shown that immersion i. ts ai r-of iron bearing

formed oxide film into solutions of inhibitive anions

usuall y result in thickening of the oxide ]ayer-_a

However, Mayne and Page (1972) have confirmed by their

study, the exception of this at low ~H.

Kubaschewski shown thatand Brasher ( 1959) have

oxide film ofgrowth o~ iron in inhibitive solutions

an ion s air, follows a direct log~rithmicas well as in

law, the rate constant being generally slightly greater

in solution Hoar (1956).,than in air. According to

inhibition of iron by anions resultsthe corrosion of

from their effects on this oxide layer.

18
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'1 c:-•.•• ..1 Potential-pH Diagram +or
tii:'D H20 Sy.tem

The Pourbaix plot of thermodynamic data of systecns

func.tion pHof potential and haselectrodeas a

contributed immensely of corrosion. Ato the science

recent examplifies theby POLirbaix (1970),

usefulness of potentiostatic polarization curves in the

experi mental plotting of domains, suchvarious as

protecting, pitting, general corrosion and passivity,

in these diagrams. This phenomenon is well illustrated

by simp I i f i ed version the potential-pHof

equilibrium diagram (shown in fig 2) after Deltombe and

Pourbaix (1954), corrosion proceeds when thein which

act i v i t y 0 f Fe ::2 ..•. , Fe· 3 .+- ( aq ) in excess

of 10--' g ion/l (0.06 p.p.m- of Fe) whereas passivity

is achieved wben Fe(OH)2, Fe~s 04 or Fe (OH)::5 (i. e rust

product) is in equilibrium with the metal ions at

activities less than ion /] • Also immunity is

ac hreved if Fe metal in equilibrium with Fe:.:!->- (aq) or

FeD::;:,H-e- ( a q ) a tan act i v i t y 1es s t h a n 10 .-•.••.9 ion I I

'2-1-

0
Fe (acp)

~
Fe O;lIt«iU

~'--'
~

iu

Fe

-1
o 'f 14 pH ~

'quiJibriuw Pot@hti~J-pH diaq, •• 10' th. Fe-H 20
Syst •• shoNing th. zon.s o~ stability o~
Cation r anions and solid hydroxid.s (a~t.r
D.lto.b. and Pourbaix)

FIG ~I
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2.6 CORROSION INHIBITORS

A corrosion a substanceinhibitor is added to an

environment in concentrationssmall to reduce the

Thecorrosion ra"t:.e prevent corrosion entirely.

for aqueous, or

or"

majority inhibitorof application

c o o c e rn ed wi thpartly aqueous systems' three mainare

types of environment. viz:

waters,(i ) waters, industrialNatural

cooling

range.

Aqueous solutions

supply

the near-neutralwater etc, in pH

(i i ) in metalof acids as used

cleaning processes such as pickling for the

removal of rust or rolling scale during the

production and fabrication of metals, br in the

post-service cleaning of metal surface.

( j i i ) of oi 1 andPri mary .e n d secondary production

subsequent refining proces!es.

2.6. 1 Classi+ication 0+ InhibitorlS

Various inhibitors into

these

of classifying

e>:istence. However,

methods

types are inor group

classifications are not. entirely satisfactory because

there is not always general agreement on

of an inhibitor to a particular group.

main classifications used particularly

the allocation

some of the

for inhi bi tors

in near-neutral pH aqueous systems are as follows.



2.6.1.1 Anodic or Cathodic Inhibitors

This cl;assification whetheris based theon

jnhibitor c;auses of theincreased polarization ;anodic

react ion (met al the cathodic:dissolution> or of

reaction in near-neutrali .e. oxygen ,reduction

solution) or hydrogen discharge (in acidic solution).

2.6.1.2 Oxidizing or Non-Oxidizing
Inhibitorts

These characterized by their ability to;are

passivate metal. In gener;a}, non-oxidizing inhibitors

require the presence of dissolved oxygen in the liquid

phase for of the passive o)!ipe f i 1m,the maintenance

whereas is necessary withdissolved notoxygen

oxidizing inhibitors.

2.6.1.3 Organic or Inorganic
InhibitorlS

This distinction is based on the chemical nature of

the in their inhibitive action,inhibitor. However,

nature as forcompounds organic inthatmany

example, salts of carboxylic acids, oftenthe sodium

have more similarities with inorganic inhibitors.

2.6.1.4 Other Classi~ications o~
Inhibitors

According to Antropov (1977), corrosion inhibitors

may also be classified as liquid-phase and vapour~phase

or volatile, depending" on the conditions of their use.

21
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2.6.1.4.1 Liquid-Phase Inhibitors

These are subdivided B~cording to their utilization

acidic media). The(i n neutral., alkaline, or

inhibitors

inorganic

inhibiting

oxidation

neutral !Solutionlii>ar~most often used for

type.compounds anionic Theirof the

eitherwith theeffect

of the

being

metal

associated

surface (eg nitrites and

of a film of achromates) or with the

difficult~ soluble compound

given anion and possibly,

formation

between the metal., and the

oxygen (eg phosphate). An

isexcepti on whose inhibiting effectis benzoate,

Allmain 1y with adsorption phenomena.

for neutral solut(ons slow

associated

corrosion inhibitors used

down predominantly the anodic reaction.

In alkaline solutions, only high-molecular-weight

compounds possess some inhibitive properties.

solutionsacLdicCorrosion inhibitors for are

almost exclusively organic substances containing

nitrogen, sulphur or oxygen - in the form of amino,

imino, and trio groups and also as carboxyl and

carbonyl. The inhibitive action of organic substances

is due to their adsorption at the metal-acid interface

which retards cathodic and anodic reactjons., thereby

reducing the corrosion rate.

22
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2.6.1w4.2 Vapour-Phase Inhibitors

These used for protectioncorrosion ofare

apparatus and other articles duringmetal

their service in the air medium, during transportation

and storage. These inhibitors are usually sprinkled as

solid in container or placed in a [I'luslin bag close to

the surface to be protected. As result of thea

sufficiently high v ap o'ur- pressure, volatile inhibitors

reach metal -air interface and dissolve' in the moisture

film coverin~ the metal.

The compounds commonly as vapour-phaseused

inhibitors are anions of low molecular weight to which

corresponding groups (eg N02 or CO2) are added.

2.6.2 Mechanism o~ Corrosion
Inhibition by Inhibit~r

It not often to assignpossible

general
~

an inhibitor, becausemechanism of action to

the themechanism may with the condition ofchahge

corroding media. corrosion of metalsFor instance, the

in acidn e u c re I from ° that insoluti.ons differs

solutions In air-saturatedin two important respects.

solution, neutralthe reaction inmain cathodic

solutions is the reduction of o~ygen, in the reaction

whereas in inacid solution, it is hydrogen evolution

the reaction

2H+ + 2e

23
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Corroding 5ur f ac E'~., :i n Ilcidmetal thlE.'r~forE'.

solution are oxide free, whereas in neutral solutjons

metal surfaces with filmscovered of o x t d e s ,are

hydroxides or the reduced solubilitysalts, due to of

these species. these differf!'nces,Because of

substances which inhibit corrosion in acid solution by

adsorpti.on of notoxide-free do generallysur"faces,

inhibit corrosion in rieutral solution.

2.6.2.1 Mechanism
Inhibition

o-f Corrosion
in Acid Solution

Putilova et al (1960) and Trabanelli and Carassi.ti

(1970) stated of metals inthat the corrosion aqueous

acid solutions can be inhibited by a very witle range of

substances. action of theseThe primary stem in the

inhibitors the metalbeing adsorptiongenerally on

surface, which is acid solution.usually oxide-free in

The adsorbed inhibitor then acts ~o retard the cathodic

and/or of theanodic electrochemical processes

corrosion.

Epelboin et al (1972), obtained consistent result,

using measurement forthe layer capacitydouble

determination on corrodingadsorptionof inhibitors

metals. (1970), Fujii andStudies by Zucchi ni et 81

AramaJd (1966) ofshow that the efficiency

inhibition can be quantitatively related to the amount

of adsorbed inhibitor on metal surface.

'. 24
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2.6.2.2 Mechanism 0+ Corrosion
Inhibition in Neutral
SolutionIS

Inhibition in nEutral solution is due to compounds

whi c h or stabilize protective surface films.can form

ThE' inhibitor may o'f an insolubleform a surface film

salt by precipitation or reaction. Inhibitors formjng

films of this type include as Zn,salts of metals such

Mg, Ni, So~uble Calcium Salts and Polyphospates. Evans

(1960) ., st'aoted the mechanism of action ofthat

inhibitors straight The saltforward.seems fairly

films which are often visible,quite thick Bnd may be

restrict diffusion, particularly of dissolved oxygen to

the The salt film being poor electronicmetal surface.

surface, Cathodicthus referred toand asare

Inhibitors.

Another near-neutralof inhibitors isclass

solutions acts by stabilizing oxide films on metals to

form Suchpassivating f i I n.5 •thin protective

inhibitors are thethe anions of weak acids., some of

most important nitrite,in practic~ being chron,ate,

benzoate, Thesilicate, phosphate and borate.

passivating oxide films on metals offer high re~istance

to and the anodic reactionthe diffusion of metal ions

of inhibited, the!':oemetal is thusdissolution

inhibitive anions are refereed to as Anodic Inhibitors.
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Independent studi ee by Brasher (1968), Frei ml!!lf'l .nO

Kolotyrkin (1969), _ (1967),Gouda Poling (1970),

and others mechanismshow that the of action of

inhibitive anions corrosion of iron, Zinc:on the and

aluminum solution involvesnear-neutral the following

important functions.

(i ) ofReduction of dissolution rate thethe

passivating oxide film.

(i i ) Repairs of the oxide film by promotion of the

reformation of oxide.

(i i i ) plugging poresRepairs oxide film byof the

with insoluble compounds.

(i v ) of aggressivethe adsorptionPrevention of

anions.

2.6.3 E-f-ficiency o-f Inhibitors

The efficiency of an inhibitor under a given set of

condition according to Antropov (1977), is expressed

by the relationship:

I. E x 100

W~ere : J.E is the percent inhibition efficiency

A rate uninhibitedis corrosion inthe

medium

26



B i s corros.ionthe in m~d:ium

containing concentrationcertain ofa

inhibitors.

In the angener-al efficiency withincreases

increase inhibitorin concentration. According to

Shreir typical inhibitor gives 95%(1976), gooda

inhibition 901. atat a concentration of 0.0081. and

0.0041..

2.6.4 Factors A~~ecting the
E~~iciency o~ InhibitorE

Brasher (1969>, affirmed that the corrosion'of iron

or steel can be inhibited by of most weal<the anions

acids under suitable conditions. other anionsHowever,

particularly those of strong acids, tend to prevent the

action of inhibitive breakdown ofanions and stimulate

the protective oxide film. Examples of such aggressive

anions are the halides, sulphates, nitrat&s etc.

It exhibit somehas been shown that most. ani ons

inhibitive and iron.some aggressive behaviour towards

The aggressivebalance between the inhibitive and

properties of a specific anion depends on the following

factors.

27
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2.6.4.1 Concentration o~ Anions

According to Pryor and Cohen (1953), inhibition of

iron corrosion in distilled water occurs only when the

an ion value.critic.alconcentration excee-ds At

concentrati ons inhibitivebelow the critical value,

anions may act aggressively and stimulate breakdown of

the oxide film. Judging from their critical jnhjbitive

conc en tr att ion s, Bra she r ( 1969 ) h .a !:'. cIa s s i fie d a n LI "' b f;' r

of anions towardsin order of their inhibitive power

steeI . order of decreasing inhibitive efficiencyThe

is: ferricyanide, nitrite, chromate, benzoate,aZide,

f er'r 0cyani de,

carbonate,

phosphate, tellurate,

chlorate, O-chlorbenzoate,

hydr'ox j de,

bicarbonate,

fluoride, nitrate and formate.

2.6.4.2 pH Value o~ Corrosive Media

Inhibitive anions are effective in preventing iron

at pH values more alkaline than acorrosi on only

critical pH value. For in&tance, the approximate

cr.itical pH value for the inhibition of iron or steel

in about O.1.M solution of the anion increases in the

orderc Chromate, 1.0 Brasher et al (1970>, Clzelate, 4.5

Mayne and Ramshaw (1960); nitrite, 5.0-5.5 Legault and

Walker (1964);

phosphate, 7. 1

Hersch et al

benzoate, 6.0 Davies and Slaiman (1971);

Pryor and Cohen (1951); hydroxide, = 12

value for

the

critical pH(1961). The

the concentration ofinhibition

inhibitive

depends on

azelate and nitrite solutions,anion. In

28
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the cri ti c a J pH for inhibition d~c:rEat5eS as the anion

concentration increases wh i lei n the case of benzoate

solution" the benzoat.e concentrationincreasing

displaces the critical pH to more alkaline values.

2.6.4.3 DissolveQ Oxygen Concentration
and Supply

The requiresinhibition anionsof. iron by a

critical oxidizing ;i n theminimum degree of power

solution. dis&olvedThis is n c r-m e r Iv supplied b~ the

o~ygen present in andair saturated solutions. Gilroy

Maynl? ( 1965) criticalhave shown that the oxygen

concentration iron in O.lM sodiumfor inhibition of

benzoate (pH 7) is ==0.3 p.p.m., considerably ~ess than

the air saturated concentration of == 8.p.p.m. As the

oxygen concentration reduced below criticalthisis

value, the of the passivating oxiderate of breakdown

film increases.

The critical for inhibitionoxygen concentration

depends anion. For instance ifon the nature of the

the inhibitive anion possesses oxidizing properties eg

chromate, presence of dissolvednitrite, etc then the

oxygen may not be necessary for inhibition.

Addition theof agent may impFovean oxidizing

efficacy of inhibitive (3.970),anion eg Mayne and Page

recently of hydrogen pero~jdeshowed that the presence

lowers benzoatethe critical concentration of sodium

and sodium azelate required for the inhibition ofsteeJ

and also lowers the pH valu~s for inhibition.

29
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2.6.4.4 A g g res s i v e ani 0 n con c ent r- a t ion

According to Bogatyreva and Balezin (1959), when

aggressi ve anions are the solution,present in the

critical concentration anions requiredof inhibitive

for protection of iron increased. Brashel'- andar-e

Mercer (1968), have shown that the relationship between

the maximum concentration of aggressive concentration

--of inhibitive anion ~irich is of the form

log Cinh = n log Cagg + f<

whet'" e 'K' is a constant d~pending on the nature of the

inhibitive and aggr"essive anion; and

• n ' is an exponent which is approximately the

ratio of the valency of the inhibitive

anion to the valency of the aggressive

anion.

In general,
~

more aggressive anion, thethe the

smaller the concentration which can be tolerated by an

inhibitive anion. According to (1970),Brasher et al

the order of tolerance of aggressive anions is, with

certain consistent with order oftheexceptions,

aggressiveness of these anions as determined from their

tendency to induce breakdown of the oxide film on iron

in aerated Eolutions.

30
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2.6.4.5 Nature o-f the Metal Sur-fac:e

The critical concentration of an anion required to

inhibit the corrosion of iron .me y increase with

i nr:reasi.ng surface roughness. Brasher and Mercer

(1968) , showed that the minimum concentration of

benzoate r equ t I~ed to protect. grit-blasted steela

surface was about 100 times greater than that r-equired

on abraded surface.

2.6.4.6 Temperature o-f Corroding Media

The critical concentrations of anions eg benzoate,

chromate and nitrite for therequired pr-otection of

steel as the temperature of theincreases corroding

medi a incr-eases. Studies by Ornar ( 1987), showed

that -effect of temperature on the percentage inhibition

efficiency depends largely the concentration ofon

inhibitors. He concluded that at lower concentration

of inhibitor, the eff.iciency of the inhibitor decrea~es

with temperature whereas at higher concentration the

efficiency of the inhibitor increases with temperature.
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CI-tAPTER TI-~REE

3.0 EXPERIMENTAL MATERIALS AND
PROCEDURE

3. 1 Experimental Materials

The samples used for the study consists of hot

roll ed Dead Mild Steel, Mild Steel and Medium Carbon

Steel, c.ollected from Oshogbo Steel Rolling Company.

The classific.ati.on of the samples were based on Bailey

(1972) • The chemic.al analysis of these samples as

carr i ed out on a spectrometer is given in table 1. The

mechanical properties of the samples are also given in

table 2.

Table 1: Che.ical Co.position o~ Carbon St.els Studi.d .

Sample c Si Mn P S Cu Cr Ni- Sn

Dead Mild 0.1453 0.1531 0.5793 0.0587 0.0291 0.2366 0.0961 0.1073 0.0495
Steel

Mild Steel 0.1892 0.2377 0.7210 0.0392 0.0319 0.2211 0.0975 0.0988 0.0316

Medium
0.3575 0.2413 0.9092 0.0432 0.0397 0.2051 0.0872 0.6140 0.0328Carbon

Steel
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Fsb I « 2. Hechanic.l Prop*rti*. 01
studi.d

Elonqation
at

rupture (;0

Samples Tensile
StrenQth
(N/u-:r)

Upper Vi e l d
Point (N/u2)

O~lId Iii Id Steel 405 235 26 J
Mild Ste~l 510 275 22

-
11ediuffi Carbon Steel 640 335 16

~~--l.---_ .

3. 1 • 1 Preparation o~ Samples ~or
Corrosion Studies

The samples used for general corrosion studies were

machined to cylindrical rods of diameter 6mm and length

30mm as shown in figure 3 below.

.:~ ..

~om('()

Fig 3.

Each of the Dead mild steel, mild steel and medium

carbon steel samples were divided into four groups

which were then polished using the "0", II 1", ••2.11 and

"3" in order to
I'-

get the required surface roughness of

the samples.



The samples were then cleaned in a mixtur~ of w~ter and

acetone to remove any adherent grease and dirts. This

cleaning andfollowed by of the samples,dryingwas

which were later placed in a desiccator in rei:\diness

3. 1.2 Corrosion Environment

The corradi ng medi.um used for this study was 3~

Sodium Chloride which was(Nac] solut.ion prepared by

rrri xing grams of tothor.oughly in proportion Necl

100m] of distilled water.

The inhibitor·s usp.d Nitrate (Naincluded Sodium

N03) , Nit r i t e (NaNO~ andSodium Sodium Benzoate) .'
Sodium Dichromate The concentration

of the jnhibitor used in each case was 0.2%. While the

temperature of fl~omc.orroding medium as recordedthe

the temperature pr-obe fluctuated between 28~c and 30~c..

3.2 Experimental Procedure

The experimental procedure adopted for this study

is the totalimmersjon test method. sketch of theA

experimental set up is shown jn fjg 4 below.

~~f.e"'~1" .

):/y0J
Beqi::ef'

/'
r f /

r'. /

:;::;;4·
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200ml of the prepared 3% Nac) solution was poured

into different beakers containing 0.2% of the nitrate,

respectively.nitrite y benzoate and chromate inhibitors

The weight of each sample under investigation was then

taken, using an electronic weighing balance.

Dead mild steel s~mples poljshed with emery grade 0

were placed in four different beakers, each containing

3% Nacl and one of the four inhibitors mentioned above.

The electrochem:ical potential of the c o re od a g .medi a

contB'ining these noted using thesamples was also ELE

digital temperature/pH/potential meter. This procedure

Was repeated after every two days interval for twelve

days. Dead mild steel samples polished with emery

grades also immersed in different1, 2 3and were

beakers, each containing 3% Nacl solution and one of

the four mentioned inhibitors.

The above procedure was repeated for the mild steel

and steel samples. resultsmedium Thecarbon are

presented in graphical form.

3.2. 1 Test To Determine Weight Loss

After of each sampl e, thetwo days of immersion

corrosion products formed on the surface of the samples

were removed by brushing the surface of thegently

samples, using a The s.!Imples weresoft plastic brush.

then dipped in a mixture of distilled water and ac&tone

to facilitate quick drying of

water-deposited films.

the samples and avoid

35
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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

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

3.2.2 Electrochemical Potential Measurement

After 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 platinum

electrode. This procedure is repeated after every two days interval for

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

3.2.3 Determination of Inhibition Efficiency

The inhibition efficiency was obtained using datum from the weight

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

1.E. = A - B x 100%

A
36



Where A use ofWeight loss of sample without the

an inhibitor and

B = Weight loss when the inhibitors are used.

For the purpose of ~hi$ study, the weight 16s$ used

(values of B) was the total weight loss of each of the

=

samples per surface area in 12 days.
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CHAP;TER FOUR

4.0 OBSERVATI·ONS, RESULTS AND
DISCUSSIONS

4. 1 OBSERVATIONS

Few hours after immersion of all the samples in the

various corroding media, bubbles of gases (supposed to

be thehydrogen gas), were observed to evo} ve .from

samples, theat degree. Particularly,varying

evolution of the gas bubbles in samples inhibited with

sodium pronounceddi.chromate, and nitrite were very

while the samples inhibited wi.thevolution of gas on

sodium benzoate and hardlynitrate was negligible and

visible. carbonThis is a pointe~ to the fact that in

steel sodiuminhibited by(immersed in 31. Nac) )

dichromate nitrite, i EO theand hydrogen evolution

predominant othercathodic as, inreaction where

solutions althoughreduction is predominant,oxygen

hydrogen evolution extent still occursto a lesser as

an additional cathodic reaction.



It '-Iasalso observed 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 immersion

implied the formation' of passive 0>: ide films on the

surface of the samples with time. The po t en t r al of the

samp 1 es wer·e generally fluctuating withobserved to be

i.mmersion 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 an~Medium Carbon Steel

samples of various surface roughness with immersion

time in 3% Nacl, without corrosion inhibit,ors are

presented in figures 5, 6 Similarly, figures 8and 7.

10, 11 14 .;: 16 and 17 19 show, the variation13,

of weight loss per area of Dead Mildunit surface

Steel, Mild Steel and Medium Carbon Steel of various

surface roughness with immersion time in 3% Nacl using

Sodium Nitrate, Nitrjte, and BenzoateChromate

respectively as inhibitors.



----- -

4.2.2 Weight
Sur-face

Loss Variation
Roughnesst!!S

With

In this study, the surf~ce roughness of a sample is

assumed to correspond to the emery grade with which the

samples polished. Inwas this regard therefore,

figures 20, 21 and 22 pretSent. the effect of !Surface

roughness on the corrosion (in weight 105>s per unit.

area) of Dead mi 1 d steel, mi 1 d steel and medium carbon

steel respectively in 31. Nac.:l. The graphs consist of

pIots for samples in which cor'rosi on process was

inhibited by Sodium Nitrate, Nitrite, Dichromate, and

Benzoate ~s well as for samples that are not inhibited.

4.2,,3 Electrochemical Potential Test

The potent ial var iat.ion of Dead mild steel, mi 1 d

steel and medium carbon steel samples with immersion

time in 31. Nile!, without the use of an inhibitor, end

when Sodium -Dichromate and BenzoateNitrate, Nitrite,

inhibitors are used respectively (f or sampJes of

various surface roughness) are presented in figures, 23

- 25, 26 - 28, 29 - ~1, 32 - 34 and 35 - 37.

4.2.4 Sur-face Roughness Variation With
Inhibition E-f-ficiency

The effect of surface roughness of Dead mild steel,

mi 1 d steel and medium carbon steel samples on the

Inhibition efficiencies of Sodium Nitrite, Nitrate,

Dichromate and Benzoate respectively shown inare

figures 38, 39 and 40.
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4.3 DIsaJSSI~

4.3.1 Weight loss Variation with immersion Time

The weight loss of samples immersed in 3% Nacl was found to

generally increase sharply with immersion time for the first six days, after

which the rate of corrosion (in weight loss per unit surface area) starts

to decrease.

This could be due to the fact that in the first few days, the oxide

111mon the samples has not been stabilized while in the later days, the

inhmitors used have enhanced the formation of passivating oxide films on

the samples. which do not allow diffusion of metal ions and this inhibits

the anodic reaction i.e. metal dissolution. The fact that the graphs of

weight loss versus immersion time (shown in figs 5-19) follows the

parabolic law of oxidation, is a further proof that protective oxide films are

formed onthe samples.

Overall rate of corrosion is seen to 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 area of sample of various surface roughness

increases in the order of emery grades depicting that grade 3>2>1>0. We

can therefore, say that the rate of weight loss of samples increases with

increase in surface roughness.

On the other hand, it is obvious from the graphs that the rate of

wei z ht 108 of samples in different inhibitors are in the decreasing order.:

sodium nitrate, sodium benzoate, sodium dichromate, sodium nitrite.

77



It is ~lso inter~Bting to note from gr~ph~ of figs

5 19, that the rate of wei ght 1055 of the samples

decreases in the following order: Medi um Carbon Steel,

Hi I d Steel, Dead Mild Steel. lher-efore, it woujd be

correct to assume that the rate of corrosion of Carbon

Steels in 3%
.

Nac] j ncreases w j t h increaSE in carbon

content of the steel

4.3.2 Weight Loss Variation With
.Sur+ace Roughness

Figures 20, 21 and 22 show a general indication of

increaSE of rate of weight )055 with surface roughness

for' all the car-bon steel samples. Howeve,~ , c loser'

obsErvat ion o+ the graphs shows that the gradient of

the plots for samples inhibited with sodium dichromate

and sodium nitrite is small compared to that of samples

inhibited by sodium nitrate, sodium benzoate and that

without an inhibitor. Thi. s i.JflpJ i es that surface

roughness has little effect on the inhibitive power of

sodium dichromate and sodium nitrite. ..
,
' ..

4.·3.3 Potential
Immersion

Variation With
Time

The variation Clf the electrode potential of the

carbon steel sampl es with immersion time (figs 23 ··-37 )

show re p r d fluctuation of potent is] , moving

generally in the noble direction with increasjng time.
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This behaviour could be attributed to an overall

thickening of the passivating oxide,
''''locally increasetpH and

f j 1 m due to a

combination of the presence of

dissolved oxygen, while the fluctuation i rr the active

direction could be attributed to sporadic film break-

down by ]erge concent.rat ion of chloride j ons (Cl-).

However, the vast rapid fluctuations of these

potentjals after a period of 6 days are inexplicable by

the above factors.

4.3.4 Sur~ace Roughness Variation
Inhibition E~+iciency

With

Figures 38, 39 and 40 sho"'l that for, samples

inhibited with sodium nitrate, sodium dichromate and

sodium nitr'jte, the inhibition efficiency initially

rises as surface roughness increases from "0" to .. ,.., ..
"'-

and drops as the surface roughness increases from "2"

t a It 311• This drop may be due to the fact that as the

surface roughness increases, the corrosion rate also

increases, therefore, the concentration of inhibitors

required f 0'- inhibition increases, but since the

concentration of the inhibitor remained constant with

inc:rease in surface rough~ess, i t is imperative that

the inhibition drops. For samples inhibited with

sodium benzoate, it' is observed that the percentage

inhibition efficiency remained constant at 49% with

variation in surface roughness.



It could also

percentage

increases

be seen from thf.;<

inhibition

in the

efficiency

following order:

This confirms the

sodium benzoate, sodium dichromate

theVdlidity of

graphs that the

of inhibition!:the

sodium nitrate,

nitrite.and sodium

an indication of a sjmilar order

wej ght ] r.Jss (with

time) test, which gave

elf inhibition.



CI--tAP-I-ER F l: VE"

5.0 CONCLUS IONS AND RECOMMENDAT IONS

5. 1 CONCLUSIONS

Based on the result from the research findings, the

following conclusions may be drawn.

( 1 ) When sodium nitrite, sodium dichromate, sodium

sodium nitrate Qr,g used as inhibitor,benzoate or-

they

f i 1m

enhance the formation of passivating oxide

on the corroding met.al, t.hus inhibiting the

anodic reaction.

(2) Corrosion rate

roughness.

generally increases with surface

(3) Corr-osion of carbon st.eels in 3% Nac1 increases

wit.h incr-ease in carbon content of t.he steeJ.



(4) Surface roughness haS little effect on the

inhibi.tive

nitrite.

power of sodium dichromate and sodium

(5) The electrode potential of carbon steel shows rapid

fluctuation and moves generally j n the noble

direction with increasing time of immersion.

(6) The inhibition efficiency of inhibitors gener·al}y

rises

at is

~s the surface roughnes~ increases. but

certain critical surface roughness

falls

wheroe

higher concentration of inhibitors are required.

(7) The inhibition efficiency of inhibitors, on the

corrosion of carbon steels in 31. Nael increases in

the order: sodium nitrate, sodium benzoate. sodium

dichromate, sodium nitrite.

5.2 RECOMMENDAT IONS

Based on the roesult 5 obtained from the research

work, the following recommendations are made:

(1) The nitrite and chromate

Nacl are

inhibitors being morE"

effective in 31. recommended for use as

corrosion inhibitors in this media for carbon ste~}

of djfferent surface roughness.
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( 2) To generally inhibit corrosiun

used in 3%

effectively,

Nacl ~ the

where

carbon steels are sur-face

roughness should be as fine as possible.

~3} If the surface texture of carbon steels to be used

in 3~ Neacl environment, i s very 1 ar ge, the

concentration of i nh i hi tor"s used should be hjgh

enough to obtain an optimum inhibition efficiency.

(4) More detai] study should be carried out on the

var"ying

sodjum

effect of surface roughness on

concentration of sodium

have been

dichromate

found to be far mor-enitrite as these

effective (as corrosion inhibitors> out of the four

inhibitors studied.
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