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1 Pigment Volume Concentration (PVC)
12 Critical Pigment Volume Concentration (CPVC)
5 In situ
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! Barrier effect

? Inhibitive effect

3 Sacrificial effect
* Substrate

3 Splash zone
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7 Victor Nightingall
8 Morgan-Wyalla

° Post-cure

10 Self-cure
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* Adhesion

* Pot life

3 Flux

6 Steady hot arc

7 Preconstruction primers
8 Shop primer
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! Volatile Organic Compound (VOC)
2 Flow

3 Blast Cleaning

* Mudcracking

3 Extenders

® Topcoat
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Zn + 2 H,0 — Zn(OH), + H, (M)

7 Corrosion Under Insulation (CUT)
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! Adhesion

% Cohesion

* Bubbling

* Blistering

> Pinhole

¢ Polarity reversal
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! Shrinkage

2 Popping

3 Welding seam

* Welding fumes

3 Offshore structure

AR

Jol s 159 )l (P (e DLl Sla yiubes 2 900

4= 595§ (= Sk sla by Glojes ooliwl -F-F
B & gl (Wl CBlas i ol yon

Sblix s 51315 (3, 5l (6 ity 48T Sloslw sl 3L s ST
Shanls ol 0 D Jouily 092 ooliiul (2 )5 pie by o8
PSS mmdg bl i shie 0)8 &y JS-0,8 398Ul 4y s NV
0l (59 Sl Lawgi 00 (30als Jpundliy 3900 1 (S5 (SBli Jrnily
oslizial (SISE (5, Hee) bon g (63Y98 b cili ol b o>
Sl e oo ol 3l ey STLL el (39050 (fjae 45 395 0
Dby g w5 )8y wile ()18, 09 co e ge iy (Ul Cennlo
LT i 605 Jlmms Oz 5 900 L5 055

I 9 o0 59, 3l (S S gy dumn o -V

sor 3 o s silwosbol 4y 5l Jlasl (s il (et 31 45 (oo
S Sy bz ge g (5, 5 (8 Sl (SB5 slaaY o ab
S RS o) oS n =Sl [F1] 093 Wy I o3, b s, 5]
©9) 5| 2 DMl 5 ouS sl aslio @ sl o el ST o5 5 2
Al 50 e 0wyl 3 b adgl (uiVlgsS Wig Sl 0gd o Al 5y
S oo ol gl uiVlgeS Wige by oS g

Ol 5 el g 46 ui¥lgsS 4 e plp (20 B adgl (udYlggS o j0d
2ibe (Sol 4 Cund L Glagys, Vb (Fotee slae 4
cho 5 Gz 5 bogs, Jm) JI slaSogll & Sayl [Y]
gl (Sogll 4 Jlae o bl [VA] as e (Lt 055 5l (5208 Copmsl
b aSopsb 4 cod Fobor ST 5 ndy Pl )5 losad 5l 3k
ST b Sl Jg 095 0 Jgb o ¥ mg/m® VL Sl clale
DAFT] ans e plas o5 5l g3k pall 0 mg/m’ b s o
>l (Soi glaSoglle iy g5 90 o Joel §) Gy Jl 0 50
O il 4l JLis 4 e 1) Jol 5145 |z digd 5ed (Sl jgadal
Wlgi e 45 gy ol 3wt e el Iy olS i 0jg5 Jsb S5
SYgame 0l g g0 alali b g oS alad | Y5 b s, oS Jlail
[FF] ansl 50,95 wa

((hie foS Vo MV 2932 1S (Bl Joudly (55, 5l (58 (S
& Sl 5 osT yoe Ysane o [¥0,F0] jobss suls cbili> ofl
SIS (Gare g 2 yd) 0 )g> el 10 ogas 4 ) 3l (6 Bl
5 o glime gyieS o ilwoslel 4 Syl S sbay [F5]
FeS am VY] el pagets b el @ B
a2 S5l S Sk sk es 5 Tl gl giluosle]
a0 5 Gl & Coglio (Sl [V F] 08 o i (o Sl ) g0
b okd 0 wSsl [NE YAD] ol spdscillanl W oo (5525
59l glaaz 055 Cal 5L pleowds Canglin 4y a5 (53150 yo IS
a3 V9, YA] Casl VY- °C Jgano glo Syl 3,0, slos s
o5 slacolus 5 Jlool (el 5 i ez S mhaw (5luoslel

A Olieusy /o g o jlach /J 9f ala/ S5y (sbada jo Oiladllas o2 g 55 — ool da pulis




1. P. A. Serensen, S. Kiil, K. Dam-Johansen, C. E. Weinell,
"Anticorrosive coatings: A review". J. Coat. Technol. Res. 6, 135~
176, 2009.

2. C. Challener, "Corrosion prevention in paints and coatings", JCT
Coatings Tech. 2, 42-47, 2005.

3. G. H. Brevoort, "Inorganic zinc-rich coatings and galvanizing: a
comparison", J. Protect. Coatings Linings. 13(9), 66-74, 1996.

4. F. Fragata, D. De La Fuente, E. Almeida, D. Santos, M. Morcillo,
"Solventborne paint systems on carbon steel and hot-dip galvanized
steel for a wide range of atmospheric exposures", J. Coat. Technol.
Res. 4, 75-87,2007.

5. G. Parashar, D. Srivastava, P. Kumar, "Ethyl silicate binders for
high performance coatings", Prog. Org. Coat. 42, 1-14, 2001.

6. M. Morcillo, R. Barajas, S. Feliu, J. M. Bastidas, "A SEM study on
the galvanic protection of zinc-rich paints", J. Mater. Sci. 25, 2441-
2446, 1990.

7. H. H. Kline, "Inorganic zinc-rich", J. Protect. Coatings Linings. 13,
73-105, 1996.

8. E. Hemmings, N. Demirdjian, "Water based inorganic zincs -
performance v’s practicability”", ACA Newcastle technical papers,
accessed online Jan. 2012,
http://ppgamercoatau.ppgpme.com/docs/technical%20papers/ACA%
20Newcastle%202001%20Water%20Based%20Zincs%20Final%20
Draft.pdf/ Jan/ 2012.

9. Thomas, "Waterbome silicates as coatings and construction materials
part 1: coatings", Surface Coatings Australia 46, 10-18, 2009.

10.J. Devanney, "The short happy life of waterborne zinc", Center for
Tankship Excellence (USA), accessed online Jan. 2012,
http://www.c4tx.org/ctx/pub/znsi.pdt/ Jan/ 2012.

11.J. B. Schutt, "Alkali-metal silicate binders and methods of
manufacture", US Patent No. 4162169, 1979.

12.G. Bierwagen, K. Allahar, B. Hinderliter, H. Jung, "Zn-rich coatings
revisited", Tri-Service Corrosion Conference, TSCC 2007, Denver,
Colorado, USA, paper 1775, 2007.

13.M. O’Donoghue, R. Garrett, V. J. Datta, S. Osbome, P. Roberts,
"Windmills — fast production schedules with novel primers and
polyaspartic ester topcoats", Paint and Coatings Expo, PACE 2005,
Las Vegas, Nevada, USA, paper T-49, 2005.

14.0. O. Knudsen, U. Steinsmo, M. Bjordal, "Zinc-rich primers - Test
performance and electrochemical properties”, Prog. Org. Coat. 54,
224-229, 2005.

15.T. Szauer, A. Miszczyk, "Improving the performance of zinc-
pigmented coatings", in ACS Symposium Series, Vol. 322, Chapter
21, American Chemical Society 1986, Washington, DC, USA, 229-
233, 1986.

16.R. A. Armas, C. A. Gervasi, A. Di Sarli, S. G. Real, J. R. Vilche,
"Zinc-rich paints on steels in artificial seawater by electrochemical
impedance spectroscopy", Corrosion 48, 379-383, 1992.

17.G. Parashar, M. Bajpayee, P. K. Kamani, "Water-borne non-toxic
high-performance inorganic silicate coatings", Surf. Coat. Int. B Coat.
Trans. 86,209-216, 2003.

18.J. M. Keijman, "Inorganic and organic coatings - The difference",
PCE ’99 conference, Brighton, England, 1999.

19.H. Undrum, "Silicate and epoxy zinc primers: A review", J. Protect.
Coatings Linings. 23, 52-57, 2006.

20.E. Montes, "Influence of particle size distribution of zinc dust in
water-based, inorganic, zinc-rich coatings", JCT Coatings Tech 65,
79-82,1993.

21.P. Prabhakaram, A. K. Dey, S. Rao Addanki, D. K. Khan,
"Performance evaluation of zinc rich primer based on soluble
silicates", NML Tech. Jour. 25, 11-19, 1983.

22.E. Montes, "Protective coating composition with early water
resistance", US Patent No. 5888280, 1999.

23.R. Kundsen, J. Eliasson, S. K. Boocock, "Using inorganic zincs as

ohwes g B ol soxo

&l
holding primers", J. Protect. Coatings Linings. 13, 4-6, 1996.

24.T. P. Teng, "Adhesion criteria between water-based inorganic zinc
coatings and their topcoats for steel", U.S. Department of
Transportation, Federal Highway Administration, accessed online,
Jan. 2012/ http://www.elzly.com/docs/Adhesion Between Water
Based Inorganic Zinc_ Coatings and their
_Topcoats_for Steel.pdf/ Jan/ 2012.

25.Szokolik, "Field testing inorganic zinc silicates", J. Protect. Coatings
Linings. 12, 56-67, 1995.

26.E. Falberg, J. E. Horton, S. P. Johannesen, "Applying water-borne
inorganic zincs in high humidity", J. Protect. Coatings Linings. 12, 11-
12, 1995.

27.C. H. Hare, J. S. Kumnas, "Reduced PVC and the design of metal
primers", JCT Coatings Tech. 72, 21-27, 2000.

28.C. H. Hare, "Zinc-rich primers I: design principles", J. Protect.
Coatings Linings. 15, 17-38, 1998.

29.C. Giudice, J. Benitez, A. Pereyra, "Influence of extender type of
performance of modified lamellar zinc primers", J. Coat. Technol.
Res. 1,291-304, 2004.

30.H. Undrum, "Silicate- or epoxy zinc primers — The superior
protection”, Jotun Coatings Marine and Protective Coatings, accessed
online Jan. 2012 /http://www jotun.no/www/com
/20020115 .nsf/viewunid/5591ESF45F4237F3C12571DF002BOECS/
$file/Silicatetor+epoxy+ zinct+primers.pdf/ Jan/ 2012.

31.G. T. Bayer, M. Zamanzadeh, "Failure analysis of paints and
coatings", Matco Associates, Inc. accessed online Jan. 2012/
http://www.plant-maintenance.com/articles/failure_analysis
paint_coating .pdf/ Jan/ 2012.

32.Ulkem, M. Winter, "Understanding inorganic zinc-rich primers and
specifications", J. Protect. Coatings Linings. 27, 40-48, 2010.

33.M. Keijman, S. Ozanic, A. M. Tolotto, "Repairing untopcoated 10Z
coatings", J. Protect. Coatings Linings. 15, 4-8, 1998.

34.Z. M. Muntasser, M. M. Al-Darbi, J. E. Paez, H. H. Vazir,
"Prevention of corrosion in a harsh environment using zinc primer",
SPE Latin American and Caribbean Petroleum Engineering
Conference, SPE 2001, Buenos Aires, Argentina, paper 67249, 2001.

35.The Society for Protective Coatings, "SSPC-PAINT 20", Zinc-rich
coating type I - inorganic and type II — organic, 2004.

36.The Society for Protective Coatings, "SSPC-PAINT 29", Zinc dust
sacrificial primer, performance-based, 2004.

37.H. Bray, "Avoiding polarity reversal with zinc-rich coatings", J.
Protect. Coatings Linings. 16, 83, 1999.

38.B. Peroni, D. Bartlett, M. Mitchell, "Zinc-rich primers in high heat", J.
Protect. Coatings Linings. 19, 25-28, 2002.

39.M. O’Donoghue, V. Datta, T. Aben, "From trauma to transcendence:
corrosion under insulation”, NACE Northern Area Western
Conference, NACE 2010, Calgary, Alberta, Canada, 2010.

40.P. P. Bock, M. F. MeLampy, "Coatings that provide corrosion
protection in insulated service", PetroMin Pipeliner 6, 18-30, 2010.
41.B. Tator, "Zinc-rich coatings: a primer on galvanic protection with

paint", J. Archit. Coatings, 64—69, October-November 2006.

42.]. F. Delahunt, J. Montle, Y. Korobov, "Using zinc-rich coatings with
cathodic protection", J. Protect. Coatings Linings. 13, 17-18, 1996.
43.Morcillo, "Soluble salts: their effect on premature degradation of

anticorrosive paints", Prog. Org. Coat. 36, 137-147, 1999.

44.H. Shi, F. Liu, E. Han, "The corrosion behavior of zinc-rich paints on
steel: Influence of simulated salts deposition in an offshore
atmosphere at the steel/paint interface", Surf. Coat. Technol. 205,
4532-4539,2011.

45.D. Pereira, J. D. Scantlebury, M. G. S. Ferreira, M. E. Almeida, "The
application of electrochemical measurements to the study and
behaviour of zinc-rich coating", Corros. Sci. 30, 1135-1147, 1990.

46.M. van Londen, B. P. Alblas, "Corrosion control using zinc-based
permanent primers", J. Protect. Coatings Linings. 14, 27-34, 1997.

e Olieusy [ gow 0 jlach /Jgf ala/ &0 (sbada jo Oiladllas o2 g 55 — cals dy pulis



