Ain Shams University
Faculty of Science
Chemistry Department

IMPACT OF THE AIR POLLUTANTS
ON
METALS CORROSION

BY

MOHAMMED ABD EL-SAMEA ALI EL-HASHEMY
(M. Sc)

A Thesis
Submitted for the Degree of Doctor of philosophy in Chemistry
(Physical Chemistry)

Department of Chemistry
Faculty of Science
Ain Shams University

2010






Ain Shams University
Faculty of Science
Chemistry Department

APPROVAL SHEET

Title:  IMPACT OF THE AIR POLLUTANTS ON METALS CORROSION

Thesis Submitted by

MOHAMMED ABD EL-SAMEA ALI EL-HASHEMY

B.Sc. (Chemistry), Mansoura University, 1999
M.Sc. ( Chemistry), Mansoura University, 2003

For Fulfillment of the Degree of Doctor of Philosophy in
Chemistry, Physical Chemistry.

Under the Supervision of:

Prof of Physr ca Chemlstry
Faculty of Science
Ain-Shams University

Prof of Air Pollution
Air Pollution Department
National Research Center

Researcher of Air Pollution
Air Pollution Department
National Research Center

Prof Dr.
Sayed Sabet Abd EL-Rehim

Prof Dr.
AllaAbd El-Shakour Ali

Dr
InasAll Saleh

2010

Head of Chemistry Department

Prof. Dr. Maged Shafik Antonious Nakhla






o ~7/ S

CNVE ey ans

! ! oo

(FY LY ¢ 8,518 ,9m)






CONTENTS

Page
ABSTRACT ----mmmmmm e e e [
ACKNOWLEDGEMENT  -m-mmmmmmmmm e i
LIST OF TABLES  --------mmm e oo oo v
LIST OF FIGURES  ----=-=mmmmm oo e Xi

1LINTRODUCTION

1.1- Air pollution =-----=-m= e 1
1.1.1- Air pollution definition ---------=====-==mmm oo 1
1.1.2- Sources of air pollution  ----=--=====mmmm oo 1
1.1.3- Types of Air Pollutants -----------=--=--==-mmmm oo 3
1.1.3- Economic Effects --------------=--mmmm oo 4
1.2- AtmOSPhEriC COrrOSi ON -------========mmmmmmm oo 6
1.2.1- Atmospheric corrosion definition ------------------=--=--oo-omcm - 6
1.2.2- Classification of atmospheric corrosion --------------=--=--=----------- 6
1.2.3 - Mechanisms of atmospheric corrosion --------=-=========-=nmoumumu--- 6
1.2.4 - Factors affecting atmospheric corrosion ------------------==------------ 9
1.2.5 - Types of corrosive atmospheres ----------------==---m-mmmmmmommememoeee 14
1.3- Protection against atmospheric corrosion ------------------------- 15
1.3.1- Metallic coating -----------==-==-==m=m = 15
1.3.2- Corrosion-preventing painting -------------=--===========--mmmmmmmmmo - 17
1.4- Literature ReVI W --------mmm oo oo oo 20
1.4.1- Inorganic air pollutants ------------===-==-==m-mmm oo 20
1.4.2- Atmospheric metal CorroSion ---------=-==-====mmmmmmemmom oo eee 50
1.4.3- Atmospheric corrosion protection by paints ---------------=----------- 81
Aim of the Present Work ---------erorememcceneeee 88
2.1- Area under investigation ------------==-=-=cmmsmemm e 89
2.2- Air pollutants investigation ------------==-=--=-meomemeeeeeeo - 91

2.2.1- Determination of gaseous air pollutants --------------=--------------- 91



2.2.2- Determination of particulate matter -----------------------mmoomo—- 99

2.2.3- Determination of SMoKe -----------==-==-m oo 103
2.2.4- Metrological measurements and data ------------===========-=--=---- 103
2.2.5- Statistical calculations -----==============mmmm e 103
2.3- Test materials ----------=-=mmmmm e 104
2.3.1-Field eXPOSUIe -----=-=m oo oo 104
2.4- Corrosion damage investigation ------------==-==-==--men-emeeo- 105
2.4.1- Measurement of mass [0SS --------=-=--=====-mmmmmmm oo 105
2.4.2- Tensile strength measurement ---------------==--=-===-mmmcmmmmmmeeo 108
2.4.3- Conductivity measurement -----------==--=--=--mmmmmm oo 110
2.5. Surface examination methods -----------------=---eceecceeee- 110
2.5.1- X-ray diffraction analysis ----------=-=--=mmmmmmmmm oo 110
2.5.2- Scanning electron MiCroSCopY -------===================z==mmmmmnmoeo- 111
2.6. PUll-0OUL tESt ------=mm e 111
2.7- Hardness teSt ---------=--mmm e 113
2.8-PalNtS -~ 114
2.8.1- Experimental techniques and evaluation methods ------------------- 114

3.RESULTS AND DISCUSSION

SECTION (A)
AIR QUALITY

3.1- Alr quUality-m=mmmm e 122
3.1.1- Deposited particulate matter (Dust-fall) ----------------------------- 122
3.1.2- Suspended particulate matter ------------==-=====mmmsmmmm oo 151
3.1.3- Gaseous pollutants-------===-======= = m oo 173
3.1.4- SMOKE === 188
3.1.5- Chemical characterization of rain water --------------------=--------- 189
3.1.6- Statistical examination -------=-==-=======mmmmmm oo 190
SECTION (B)
ATMOSPHERIC CORROSION
3.2- AtmOoSpheric CorroSiON --------=-==mmmmmee oo 216
3.2.1- Environmental characteristics at exposure sites -------------------- 216
3.2.2- Atmospheric corrosion of tested ferrous metals --------------------- 218
3.2.3- Atmospheric corrosion of tested non-ferrous metas --------------- 243

3.2.4- Durahility faCtor ------=--===mmmmmmm oo 304



SECTION (C)
ORGANIC COATINGS

3.3- OrganiC Coatings ---------=-============mm oo 307
3.3.1- Physical properties of dry paint films -------------=-=-----meemeeee - 308
3.3.2- The evaluation of the paints by accelerated laboratory test -------- 309
3.3.3- Outdoor eXpOSUre tESt --=-============mmmmm oo 314
SUMMARY AND CONCLUION s 1
REFERENCES oo 367

ARABIC SUMMARY






ABSTRACT

The present study was conducted in different sites with different
activities in EI-Mansoura city to examine the impact of air pollutants on
metals corrosion and the role of paints in prevention of the atmospheric
corrosion.

The first part of this thesis dealt with the air quality of the sites
under investigation during the period from Dec. 2005 to Nov. 2007.

Results clearly indicate that the highest rate of dust deposition was
recorded at a rural residential area by an average annual mean value of
26.77 g/Mm.month. The rate of dust deposition over all the tested sites
exceeds the Egyptian standard set for both residential and industrial areas.

The maximum concentration of suspended particulate matter was
recorded at the rural residential area and the urban residential area located
near the El-Mansoura city center, by annual mean value of 204.64 pg/m
and 152.46 pg/m These values are twice the maximum allowable
concentration that is given by the Egyptian Law No.4, 1994 (90 Jtg/m
Both of the deposited dust and the suspended particulate matter were
analyzed for their water-soluble sulfates, chlorides, nitrates and
ammonium salts.

On the other hand, the concentrations of some gaseous air
pollutants like S@ NO,, NHs, H,S and total oxidant were also monitored
at the sites under investigation. S&hd NQ concentrations were found
to be less than the Egyptian air quality limit (150 piy/miH; and HS
gases are mainly detected in the atmosphere close to their natural or
industrial sources. Total oxidant mainly ozone is considered a major

constituent gas.



The rain water samples were also collected from the tested sites
and analyzed for their chemical compositions.

The second part of this study dealt with the atmospheric corrosion
of some ferrous and non-ferrous metals exposed to the outdoor
atmosphere at the tested sites. The chemical composition of the corrosion
products, the changes in the mechanical properties of tested metals and
the changes in morphology of the corroded surfaces were determined.

Finally, the last part of this study was concerned with applying
paints to the tested ferrous and non- ferrous metals and examining their
ability to protect the tested metals against the atmospheric corrosion.

Key words:

Air pollution, gaseous pollutants, deposited particulate
matter, suspended particulate matter, smoke, rainwater, atmospheric
corrosion carbon steel, reinforcement steel, copper, a-brass, aluminium,
Al-S-Mg alloy, galvanized steel, organic coating.
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