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' Wet analysis

" Ignition analysis
" Colorimetery

* PolarograpHy
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TABLE — TECHNIQUES OF ANALYSIS AND SOME OF THEIR PARAMETERS
No. Techniques of analysis Incident Emergent Elements Deteclion Lateral Depth of
species species detected  Limit (ppm) resolution (um)  Information (A)
1 Electron probe micro Electrons  Charac.X-rays =2 Be 100-1000 1 ~5000
2 Energy dispersive Electrons  Charac.X-rays = Na ~1000 10 ~10000
3 Back scatiered electron Electrons  Back scattered 2Li ~1000 1 10-50
spectroscopic electrons
4 Auger spectroscopic Electrons  Auger Electrons = Li ~1000 0.05-30 5-20
5  X-ray fluorescence X-rays Charac.X-rays =2Mg atomic number 300 10-80
12-22 > 1000
>2~1
6  Neutron activation Neutrons  §-rays =Na ~0.1 ~1000 Complete specimen
upto1cm
7 Electron spectroscopic Folons Electrons 2He ~1000 ~1000 5-20
8  Secondary ion mass lons Secondary lons 2H 0.1-100 1-3000 3-10
spectroscopic
9 lon scattering spectroscopic lons lons zLi ~1000 100 3-10
10 Rutherford backscatlering lons lons 2C ~100 1-3 3x10¢
spectroscopic
11 Elastic recoil detection lons lons HioF ~100 1-3 ~10#
12 Nuclear reaclion lons Deuterons, é&-ray Specific  ~50 « =4 5x106
: Protons, Het  elements
13 Mdssbauer spectroscopic X-rays &-rays, X-rays  Mossbauer ~5000 - ~104
electrons elements
14 Laser Raman spectroscopic Mono Scattered Raman >1 mono ~1 ~103
chromatic  Light active layer
(laser) molecules
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" Electron probe micro analysis

" Energy dispersive analysis

" Back scattered electron

: Auger electron spectroscopy

° Transmission electron microscopy
* Electron diffraction analysis
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' Reactor
" Electron Spectrometry
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' Secondary ion mass spectroscopy
"Ton Scattering spectroscopy
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' Rutherford backscattering
" Elastic recoil detection analysis
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' Deexxcitation
" Center Shift
" Quadrupole Splitting
‘ Magnetic Splitting
° Mossbauer Spectroscopy
h .
Crystaline
¥ AmorpHous
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' Laser Raman Spectroscopy
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TABLE Il. INFORMATION OBTAINED FROM OPTICAL!
MICROSCOPY OF CORROSION PRODUCTS

OBSERVATION INFORMATION OBTAINED
in plan (a) uniformity of corrosion
(b) colour

(c) grain size

(d) spalling

(e) edge effects

(f) presence of protuberances

in section (a) uniformity of thickness

(b) local or general loss of adhesion
(c) porosity

(d) layer structure

(e) cracking

(f) grain size and distribution

(g) grain boundary penetration

(h) precipitation phenomenon

(i) presence of internal oxides

with polarized light | (a) presence of complex oxides
(b) layer structure

with oblique (a) with greater depth of focus
illumination - (b) wth increased contrast
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" Interfrence microscopy
Y .
PHase contrast microscopy
" Infrared microscopy
* Chemical Microscopy
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' Microbeam diffraction Patterns
" Field emission microscopy
" Field ion microscopy
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TABLE Ill — TECHNIQUES FOR MEASURING CORROSION PRODUCT THICKNESS
FILM/SCALE THICKNESS AND
TECHNIQUE OTHER FEATURES REFERENCES
A.Optical techniques
1. Optical microscopy >1/u and also > 100 A 20
2. Differential reflection <7 A° 21,22
spectroscopy
3. Differential reflectometry ~ 50 A® and insitu measurements 23
4. Two beam or multiple ~5A° 24
beam interferometry
5. Interference colour A/4 to few A with 10% accuracy 25
measurement where A is wavelength
6. Spectrophotometric 250 A° to 15u 26
measurements
7. Ellipsometry <100 A® and insitu measurements 20
B. Non-optical techniques
8. Coulometric reduction ~ 5 A" 20
9. X-ray diffraction 0,1 — 100u 27
10. Capacitance measurement lon conducting anodic films >> 10 A®-1u 28
11. Electrical resistance Suitable for rapidly oxidising thin 29
measurement specimens
12. Film forming voltage Requires calibrated forming voltage vs 30
measurement thickness curves
13. Radioactive tracers upto several 1000 A® 31
14. Thermogravimetric Thickness determined as a function 32
measurements of weight gain
15. Surface analysis examples: AES, SIMS, Activation
techniques coupled to analysis and others —_
ion bombardment
apparatus.
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' Shear stresses

" Alternative stresses

" Vibration or shock loading
* Fatigue and wear

* Corrosion fatigue
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" Shut down

" Water cooling
" Boilers

* Condenser
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' Water absorbent materials
) Gaps
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" Galvanized steel

AR



s g0 83558 (35WIT suolic s a0 51 SiaS el 5o oS 30T oS lan¥ s Y
slas¥ s i ¢ ool (3T Salic wimyu 0 31 G sola 4 3T Ly slas¥ g8 -
Cail oo Gl ge Y 5 JSH AV B oligl Al 5 a SANY-Y ola oS 5 K55

o slas¥s — 1

55,0 18 s ol o S5L sledss B sl o3l S53 5 aaaa ablio 5 LasY g S|
LeT (Sasoa coglio o) daadle L3 531 Las¥ 8 pliand oS53 5u (oda ol s
L Y gane olas¥ b i 1) oo agen il ol K 55k 4 0,IS o
V] sl o cliilas 00 S po Bual Juae (LIS kulyd gl S olegdid

9 ok LK o el casd oo G, WY 58 £ Cpl O suliiil sy Al (5
85 45T Cpand ¢ 058 158 53 ae 0 (hael K 5 Gy p55 A0V 58 Cpl 5l suliil
ENC RPN RN BUNPRPRTY Y S R PR TN AL BN R PSPV PP BEN
fasls siden IO 5 es s 55 gubatll b gy Jlael 805 sledig, s gl p3ly
s eoloma Gidigy S a3l | Gl sl 4 o IS0 sleds 5o
ol el sl b Soim psbe  Ss onbe G ww) Ol8 0 0al 65

b oo 3 U gy alasl e L a3l 31 oudas gl €S Mo 5o 5 o suls Sl sy

' Low — alloy steel
" High alloy steel
" Automatic

* Manual methods
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' Dipping methods

" Surface preparation
" Structure form

* Sheet

* Carbon steels
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' Bare condition
" Architectural purposes
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" Self — repairing
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‘ Tap Water
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' Coated steel sheet

" Ubiquitous galvanized corrugated roofing sheets
" Cladding sheets

* Hot dip aluminium

° Hot dip aluminium — Zinc alloys

) Continuously galvanized or electroplated
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Protective coatings
Y . .
Sacrificial anode
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' Dipping
" Spraying
" Paint scheme
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Inadequate access for
maintenance painting
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" Duplex coating
" Cathodic coating
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‘ Fastenings
" Gaskets
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' Reversible potential of zinc
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' Non — ferrous metals
Y .
Thermal pumping
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' Algae
" Moss
" Lichen
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' Asetic acid fumes
" Mortar
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' Pigment
" Impregnated tape
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' Calsium Plumbate
" Polyvinyl butyral
" Under Zinc chromate primers
3 .
Pitch
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' Seasoned wood

" Oak

" Western red cedar

* Preservative

° Fired — retardant — treated

" Solvent — based preservatives
¥ Water — based preservatives
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' Zince — alloy diecasting used indoors
" Etch primers
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" Black ash mortar

" Hard drying bitumen paint
" Slag cement

* High — alumina cement
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" Spalling
" Cement
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' Portland cement
" Carbonation
¥ .
Porosity
* Permability
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' Slag aggregates
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" Clinker aggregate
"Normal reinforcement
' Rapid Carbonation

¥



o8 S o ald (Sl S sla i 5o 1 (YL (Sussd 0 e glie < T o 5wl SIS WY 58
Sosa sba sl ssas S G %/ Sslate (o Glasw e G aa B b oS 0
Wsd (Saosa sesw o (Sus0a oo K G e Y0 slEble o 5 @il (il
e 0I5 paa 59 (Sus0a ce ye ¢ pdabe) T bl b 5o 0 i e Sl oS sulu
LYYV ]l o S SIS 51 Ry

L Las®) LK e sola € a0 50 mod oSlae ¥ o€l b sudd suls i gy 0¥ 68
LYY ]aas oo las asa 51 ail (LK e %Y/

O YL lable Hu YL (Sussa © cneplie ol ] 538y ey 6
DIV ]adbe (1 S5 oS gl b swd (i g slao¥ 58 (515 4S a3l 5) Sid) K
¥ ovwi o OWS oy gl —1 PV —F-Y-Y
I oS allainl b (0¥ 58 slpana )l b ons (ly sadiSey o8 b G wals 5l
sl 0 5 o ool Gualin 5 506 ssla 3L WY S sladkis 51 8l KL
o 53 SIS (slparen <€ 0T 51 Gy 0 b g0 dm 5 Lol anig LIS 4 el (s 50 25l IS
5 g Blo g 5S i 5oS H1L8 soldicul oy 9o
S8 Ly i 59 Lal o g Ol B 0¥ 58 50 (oS (235 ¢ pane lse (sl o
oL %50 Jolae Ly ot € (305 50wl ss 4 0¥ 58 couali Gy (0¥ 58 suiiS

tﬁj&‘iﬂ‘dQ—JGJJﬂN%ﬁﬁa&(s@Jéde‘ft%JF@GJ‘%&M

" Galvanized steel
" Fusion — bonded epoxy
" Prestressed reinforcement
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" Gilchrist
" Materials in water — supply systems
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' Fitments
" Battles
" Stitteners
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" Cathodic metals

" Anodic metal

" Threaded mild- steel tube
‘ Nodules
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' Half — hard condition
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" Capillary — solder fittings
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" Carbon film
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" Internally clad tube
" Polythene

" Buried pipes

* Light sandy soil

* Cinders
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