CORROBION AND CORROSICH INHIBITION

OF STELL Id AQUEQUS MID

4 Theosis Presented
o
The Faculty of Sclience

Ain-shams University

by

SAYLD MOUSTAFA SAYED

e v

(B.Sc.)(t.Sc)

6“ q For

The degree of Doctor of Philosophy

National Bssearch Centre
1972

sdliiin el D

Central Library - Ain Shams University



ACEAOT LG ABN L

The author wishes to expres: his gratitude to
Profesgor Do, AJM. Anzam, Vice-President of Aln-Shacs
University for his interest in the work, his encourage-
ment and reading through the original manuscript.

The work of this thesis was suggested %o the
author by Ir., V.EK. Gouda, Research Associate Professor
of Electrochemistry in the National Research Centre.
It is pleasant for ths author to thank her guidance,

and discussion.

Thanks also to Mr. H. El-Masry for photographing

the sampiles.

ol

Central Library - Ain Shams University



m
/‘- -
.
ST

::L% 1 :éf %
-— = [ i
,f:EE = 5::_'::

L ‘\ |

Central Library - Ain Shams University



..............

art T, Tre curTericor bSehvioar of sted!l

co L et raldc oscolations
i.A, rotentini-tlRe DUASUTONCLES . .

3. Veight-losc wmensurcments and
type of corrosion ceee.onian .
C. Anodic pclarization neasure-
neats ........ heasasnreaaraen

D, DiscusSsion .... i ccvseenvesoras

Partt II. Corrosion behaviour of steel in

solutions containing mixed inhi-
bitive and aggressive ions.....

IX.A. In near neutral solutions ...

4. 1) Benzoate/aggressive ions
DIiXBUTES savvernsnnncanees

2) Chromate/aggressive ions
nixtures ..... cessecennne .

3) Nitrite/aggressive ions
mbllres ® » b 9 & B A0 &S 8T s
B. In alkaline sclutions .......

B, 1) Relation between pH and
tolerable amounts of aggre-
ssive fonNS...cacicriernnens

2) Sodiua benzoste/aggressive
iOﬁSmItures LI R R N BRI B

3) Sodium nitrite/aggressive
jons mixbures ...cccecaass

C. DisScuSSion eceseovssvsvanrosns

Central Library - Ain Shams University

35
50

43

59
&0

60
63

66
70

70
71

72
75



L

st TOTL uerrusliun tehwrioor of stoel L
caodiu: suluhite and pdrazice

.‘S‘ll".ti’i.;f; L R I I {js
PiicAlGs . Vigual cbsorveticas and
wolght-lods aeasurcaents.., &6
2. vpun-circuit potuntial
AASUTE200LES L. ciesnaaas  B7
B.1. Jodiun sulphite/aggressive
lons QIXBUYEB .ivveveanaans B9
2. iydrazine/aggressive ions
W@s LI RN IR O N I B B I O B I I K I TR ) %‘

C. Discussion (.evsevesnranass O4

Chapter 4, CouclusSions s.ievesecscancsase 101
SUNTIATY cecvesnsvnssansssasses 106
References .....cccevecescaeas 113
Arabic Summary

Central Library - Ain Shams University



CTAPTER 1
GENERAL INTRODUCTION

and
OBI=0T ATTD 200k OF THE PRECENT wWORE

Central Library - Ain Shams University



Elan e Loy

et cetaly, uf exposed to patroal coviioadents
Flovhont o I, wald ceact YL oo astltuents in Ste
ewwiyo e 0 e Yo oorr sdon produe o typleal of tho
ares frog wliel “hey Lripinali; were actracted. It is

a well established fact that courrosizn is electrolytic

-4 and depands upon the operation of elcc-~

1o character
trochomical coactions on the netal surface. The overall
corrosion process coasists of separate and faradaically
equivaleat anodic and cathodic reactions-Gainerally, these
two reactions are aot the reverse of each other but are

different :

Adaodic reaction : Fo —» Fett 4 2

Cathodic reaction (in acar neutral solutions) :

2e“+}402 + H,C --» 2 OB~

The driving force for the corrosion reaction is
deterained by the difference in poteantial between the
anodic and the cathodic sites on the surface of the mebal.
The corrosion process depends on varions facktoers. Both

wetallurgical and environmental factors are known to aifec&'!: :
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| TSI MR Dol oas toe - Oyt ol codradaui,

Ttw o 7L @ tal factort (nal ratlueace urronios
are: rure of whe oo ldom, i.o choandeal composi-
tioa, ¢ s.luviou, the prescace of additives, o -
tvoa o L LTTVCEL L rol o tive to the getot, the
tel eliithis e ald the prussurs.

L3 the osher hand, aetallurgical factors are those
connucted 1o the wctal itself such a8 the cheaical
nature of the actal, its structure aad surface condi-

tions.

Corrosion behaviour of steel ia neutral aand alkaline

solutioas of diffcreat anioas :

Of prime iamportancé for the present study is the
differentiation between factors that lead to continious
dissciuticon on one hand or to inhibition or evenbtual
passivaticn on tae other hand in the aear neutral aad
alkalinze media. The corrosion behaviour of steel in
the preseance of differeat salt solutioas has been widely
investigated, and it is beyond the scope of this study
to review in detail the reported studies. Heferences

will be limited to those studies in which the corrosive '
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or iat Yi o nropsrties oF sniens arve exrloiiacd o
sene vy Ll srounds.  fhe action of aniloas wuploialiv

in no el oaad slkaiiess oot ioros . iroa or
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£ .oren Lan hyeen sourht to be cxplalaed oo the basis of

the t;+urics discusased belor,

Throries ¢f corrosica:

e ey o b o e S -

The Ivllowiag is 2 short prescntation of the var-
ious theories to explain the phenomenan of corrosion

and tho mechanism of inhibitioen.

According to the fila-formation theory, suggested

by tvans and his coworkerSExhe solubility of the corro-
sion products decides whether a certain anion would
inhibit corrosion or accelerate it. An insoluble film
on a metallic surface acts as a barrier to the progress
of correccicn. The immunity of lead and silver in sul-
phate and chloride solutions respectively, are taken
to support this idea. Thus, sulphate and chloride ions
exert an inhibiting action although they are normally
considered as typical corrocsion-accelerators. The-
corrosicr of iron in XF solutions was studied by

Chap 5. He found that corrosion in dilube solubions
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was 47 ' 1 in KC! rotorisne ~f equal melerities.

As tr e+ airation of KFP wan raised to 0.2 L carro-
sior. A, iy crascd  Tai o wan sitributed to the sunpre-
scion of 'a folubllity ¢F & ®, in the proseac of
exccs o0 fons. tLcord-migly, the corrosion product,
whic': in llu%e solutions wne regnrded as being soluble,
had ¢7 Lo Tarsed '@ coacea.tated media with the fila

formin.: conpounds which ichibit corrosion.

According to Evanéfwhen a maetal is immersed in an
squeous wadium, water wolecules surround the setal sur-
faca to form water phalanx, which at anodic sites, is
oriented in such a way that the oxygen part of the water
molecule 1s nearest to the metal and the hydrogen part
lies furtherst from it. In very dilute solutions, this
water phalanx is most nearly complete. When anions are
present iz solution, they displace the water molecules
from the wetal suxface due to the negative charge of
these anions. In presence of adsorbed anions on the
metal surface, current transfer is limited to the motion
of metal cations towards the solution side. Accordingly,
the metal may pass into solution and suffers corrosion.
There is, however, also the possibility that the ametal .

caticu wouves into positions beiween oxygea atoms df the
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phaldan, . ackny, prot L Irow the water mole . les
and 1T Tn° a 30lid oxic.: or hydroxide oo tle surface.

3poes «nd logs of colour o a sp.-:iaen inmersvd ia a

qoasl whibitive salt solution represent placos wheT:
ihe t.i: o woak. In the c¢.ce cf ircn, the aaterial
G R te . tlhase GCLOUWDSTLNG C WaS nLoone time regarded

as hy ouniniie, (Ec{GH)5) or {EeN(0H)), but it is
protanly 5--}?@203. According to svaas it will be noticed
that wiilest the pushing off of H™ ions from e phalanx
of water uolecules might produce either §n oxide or
hydroxide-film, the pushing off of H* ions from a
phalanx of OH™ ions can only lead to an oxide film.

Since oxide~filma are generally more protective
than the hydroxide-films this may be one reason why
alkaline conditions favour inhibition. In addition,
the dcpre:-ed solubility of the film—-substance in an
slkaline zolution is also an important factor. Accord-
ing to Evan,sla: decission between corrosion and inhibi-
tion depends upon the effect of the anion on the condi~

tion of the film formation.

In -erated solutions of oxidizing anions, i.e.

chrot.te and nitrite, the protective film is mainly
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a sufiicieatly Llgh rate at the cutliodie situs un the
aetal surtuce.  Thls 15 lu ggrecacnt with the opiaion

of Kozotyrkin15 that ilahidbitors acoed oot to participate
in formiag tho passive film. Thedr actica-sccording to
¥oleot yrin is to incrvasc the overall ratoe of the cathodic
react ! oand %o shift the stvady =tate potoutial to tluc
positive dircection leading to the ocascet of pissivity.

A sinilar idea of Uhliglq

atatvd that any phenomenon
through which the actal aquires a potential aobler than
the Flade potoential will produce passivity. According
to these msuthors, the inhibtor should be an oxidising
agcnt and able to create a stablo redox potentigl. The
passivator should also be prescent in sufficient concent-
ration in order to develeop a sufficiently noble poten-
tial for the redox system. Passivity is thus favoured
by aoble redox potentials, high limiting diffusion

currcnts for the reduetion of the passivator, as well

as low Tafel slopes.

The effect of benzoate, phthalate and phosphate
as corrosion inhibitors for iron in presence of air15
was taken to demonstrate that the reduction of the
inhibitor is not a prerequisite for passivation, and

that ichibition is mainly due to the reducticn of
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oxygan dn prusencs of theuso inhibitors. Ia absunce

of the inliibitor, oxygun acts as a corrosive agent,
Gatoal6 Las chown that buazoates aad clanamates do not
inhibit the ceorrosion of iron coupled to a zore noble
zutal and that duriag iehibition of iron, only ocau-tunth
of ~ "ouoiayes is forumed on thu surface of the metal.

It appears from these obasurvations that the phosphate,
phthalatc, cinnamate or any such ion could be adsorbed
on the anodic sites of the actal surface only whea the
positive charge on thu metal is iacreased by the cathodic
reduction of oxygen. Ia a study of the cathodic polari-
zation of passive iron in chromate and pertechnetatc
solutions, Cartledgcl7 found that only a small fraction
of the total current could be associated with the reduc-
tion of the inhibitors. However, it is worth remarking
that not all the oxidising agents function as inhibitors.
The electrochemical polarization theory seems to over-
simplify the action of the diffcerent types of inmhibitors
in both nceutral and alkaline media and is obviously of
limited gpplication, i.e. only to reduqéple ions. Thus
the electrostatic polarization theory, though logically

sound, is rot borne out in all systems.
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Accordiag to thu adicrptinn theory by ualigla.
2y vrheat-s e adeorcbed on Lhc actal surface and
capable of sharing vluctroas with the uaderlying ametal
would act as an inhibitor., The adsorbued spucies may
(1) block the active site or (ii) alsplace from the
surf:... aany cuatalyst for the anodic dissolution reaction
or (1ii) by virtus of the nect cliarge of the adsorbed ion
have come effuct on tlhie potential and corrosion of the
metal. Thus, for example, the corrosion of the 1B-8
stainless steel i 6.3 N hydrochloric acid solution
was found to decrease to 1/470 4its value when carbon
aonoxide was introduced iato aolutianlg'ao. In this
case the protective film—formation could neither be
rosponsible for inhibition nor is the phenomenon rela-
ted to the elevation of the hydrogen overpotential since
carbon mozoxide causes the shift of the corrosion poten-
tial t5> the ncble direction. According to the adsorption
theory, a passivator posseau#;high affinity for the metal
and a high activation cnergy for the reaction with itol.

The uptake of ¢ -um?2—25 26

and organic inhibitors
from agueous solutions on the surface of steels was
found to follow typical adsorption isotherms. Both

primary and secondary adsorption has been suggested to
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take place oa the surface of the metal. In one case
8Lo sdsorbud fila was seid to be composad of an inner
closu-packed layer of oxygen atoms of covaleat radius
of 0.7 e on top of which a chemisorbed closo-packed
layer of oxygen molecules with a radius of 1.2 1 was
placcdw. Hydroxidoe radicals or water molecules were
assumed to participate to somo extent in the passive
film structurc. This model could explain the measursd
Quantities of adaorbed axygen and accounted, theorftic-
ally, for the Flade-potential which could not be Pro-

perly cxplained on the basis of an oxide film2’.

‘ﬂroblewskaaa reviowed the uses of organic and
inorganic corrosion inhibitors. KTQO“_ completely
Prevents oxidation of Fe even at such concentrations
that the adsorption of ‘IhOZ ions is sufficient for the

formation of a monomolecular layer.

De?? has formulated a gencral theory of inhibi-
tion by adsorption, in both neutral and acig solutions,
based on the electrocapillary properties of anions.

It is well known that capillary-active anions are
preferentially adsorbed on mercury along the positive
branch of the electrocapillary curve s> depressing it
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