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Why use protective coatings?

BN 5 M B S Tl g
Corrosion resistance for steel structures
M

Aaesthetics

— R S iR R G
Protective coatings include:
JIRER — JE B9 BB —#R
Primer — a important layer for corrosion resistance
« BHRIE - HEER. OHLERSE, HERR M (C4 - C5l, C5M)
Zinc-rich primers — Epoxy zinc, inorganic zinc silicate. Used in severe
corrosive environment (C4 — C5I1, C5M).

o BRRREEIGIR — HAAER B AR
Zinc phosphate primer — used in light corrosive environment (C2, C3)
o JEMIAEE RIS — 1SO 12944 Definition of environment — ISO 12944
FrRJES — PHFE K7, AEH] . Intermediate Coating — Barrier
% — fILEIFH G a2k . SE R 15 ] Top Coat/Finish — Anti-UV, cosmetic
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The mechanism of corrosion resistance for zinc-rich primer

Zn > 7Zn2t + 2e- O, +4H" + 4¢- > H,0

/ — BEHRE
A A x Zinc-rich primer

~— BRNEAM
Steel Substrate

o FEXTTERAN, BEEA SEARH R AL
Relative to carbon steel, zinc has lower corrosion potential

o RN HAFERMERNS, BRPUONEANORTT, BN IR i — AR OR3P
PR AP BH A

Electrochemical reaction: when electrolyte exists, carbon steel will be cathode and
zinc will be anode — Cathodic Protection

» MrEEEIRAE R FE bR - AT
To measure the ability of corrosion resistance for a zinc primer - Corrosion
Potential
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Comparison of anti-corrosive performance

THLE £ (85%) IEEE (80%) & E £ (50%)

Zinc silicate Epoxy zinc Epoxy zinc




= PRI — By B PR RE Y ELER
Comparison of anti-corrosive performance
AR 8 TAE ) B 7R B0 55503 1Y & B TR -
Need to evaluate the performance of the whole system comprehensively

H B RS B — FAEEE ARG 45 o AR
Cohesive strength — weak strength for thermal sprayed zinc layer
o BB T )R ARG 4 0 RE
Adhesive strength with substrate and intermediate coat
- % Equipment
* {iri% Cost
o T L ITIHE 2 R Application

e 17 B SR AR 7 6 1 e Y B AR AR !
IS a iImportant parameter to evaluate a zinc primer




2000 F-& e Wiz tH
2000 Sydney Olympic Game Stadium




2004 FFHE L P15 7 TH
2004 Athens Olympic Game Stadium




= Kingston
Communications
WEF3Z
Kingston
Communications
Stadium, Hull, UK
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Asian Games &

Aquatic Centre,
Thailand




FEAYy JFK 3z
JFK American

Airline Terminal,
USA
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Shanghai Pudong
International Airport
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GALLERIA
Canada BANKER'S HALL
GALLERIA
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London Millennium
Bridge, UK
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Oresund Crossing Denmark-Sweden Link, Sweden




HETCERERES
London Eye, UK
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Decant Oil and
Methanol Project,
Thailand




X 3ZFT 3B H
BASF-YPC, China
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Zinc-rich Primers

Have been used in North Sea for
about 30 years!




vl  Corrosion protection of steel structures by

Standardization

T ISO 12944 NEERYRERR IS RS

protective paint systems
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What is ISO?

International ,'é'\ %K&T’f}ﬁ%i E]/‘j IKZI?*/]?‘{@ éﬁé/[l

Organization for

Standardization It is based in Switzerland

1ISO 9001 2% T A AWt 5T & (R&D) HIFRHAE — [ BrimBER 2 7 B oG bt S5 28 5k
15 7 HehnifE

ISO 9001 relates to the Research and Development activities of a company —
International’s R&D laboratory is accredited to this standard

1ISO 9002 /&% T/ HbnifE — ATEAEIRSE A T 775 LehriE.
ISO 9002 is a manufacturing standard — our factories around the globe meet this
standard

EILTFAUP ], IR EEMEHK B R T —PMEPIREREEZ RS, B

H RN IREDT G A8 - SO 12944

In mid 1990’s the coatings industry & corrosion experts came together to form a
committee to look into the standardisation of corrosion control at new construction
- it became ISO 12944




ISO 12944

o« WEMBIREDIE &5t
Corrosion protection of steel structures by protective paint systems

. & JEAHE ML Bz 175 TE K
IRIE R 1 I8 1SO 12944 HYZERKRBCTHAY . ERATE S8 B A AH M H E
» GB iife
It is the most recognized rothschild standard about corrosion protection of
steel structures by protective coating systems. The coating systems used
in Athens and Sydney Olympic Stadium comply with ISO 12944. There is
no GB standard in China similar to ISO 12944.



ISO 12944

e |SO 12944 3N
ISO 12944 makes use of 3 factors

TR ARG B AR
Durability

IR AR
Classification of Corrosive Categories

ARG E

System Specifications
spec (PCSS)
plan




ISO 12944 — [5 B 4EfR
Durability

o PIBER: IRESE IXKBHTRFER . REBAEHAAHERE T E, Hlan
7T 1S0 4628-3, Ri2 5k Ri3
Durability of corrosion protection: The level of coating failure prior to first
major maintenance painting. Agreed between interested parties (based

on ISO 4628-3), e.g. Ri2 or Ri3
ISO 4628-3

Ri1-0.05% Ri 2-0.5% Ri3-1% Ri4-8% Ri 5-40-50%




ISO 12944 — [5 B 4EfR
Durability

o R RGHOIE R ) - ROT TR A B H
It is expected life time - NOT guarantee time!

¢ %%/7?79 3 /I\?L@
It is expressed in terms of 3 ranges

Durability [ /&SR Range 7t [
Low (L) {35 2 to 5 years 2 & 54
Medium (M) 5 to 15 years 5% 15 %

High (H) =] Greater than 15 years A1 15 4




ISO 12944 - K5 JEmIFIE 1) 5328

Classification of Atmospheric Corrosive Environments

ENRIAPS

[ R 2845 - HPFIIASR 2545 — N ERFA 5
i Mass Loss : . : .
Durability g/m? Exterior Environment Examples Interior Environment Examples

C1, C2 Q /1 e 1 ‘#“j'[_, ) ) Y s
) Zht L FRREXR, KT G WINFA T AN KA
1R1% V. Low, <10-200 : -

Rural /dry areas, low pollution Heated / unheated buildings
it Low
C3 FEEREIE S0, V5 ARk, R0, R

200-400 Production rooms with high humidit
1 Medium Moderate S0, polluted city. E.g. Guilin HeH WIER MG RUMICIY
X R A B RV R X s

c4 UkiL_E AN S8 1 ) T e 1 X | W, Wk
FRTTI 400-650 Industrial areas and coastal areas with Chemical plants. swimming bools
w19 moderate salinity prants, 9p

HA il A7 21 KA B ) ki X
C5-1 (Tlk T K- B A VA 1 e YU I T4
/ ﬁ( ) 16501500 | Industrial areas with high humidity and | L3 SRR RUK 1 HL75 BI04
1R 5 Very High . B [X 35

aggressive atmosphere e _

Buildings or areas with almost

C5-M (7D SR TR A S X permanent condensation / high
= Very High ) Coastal and offshore areas pollution




ISO 12944 — ZEEBHF RS

Protective Coating System

ZE e DS &y A , A AR 2P iR 22
RGN R

By combining the DURABILITY requirement and ENVIRONMENT
can be used to put a matrix of time to 18t maintenance and Dry Film
Thickness.

Blan, X+ C4 BRI ST A = BB JE AR ), P HITR
& R G K s N THIR R EE Y WK o

For example a DFT of 280 microns is required for a High Durability
(>15 years) for a C4 environment.



ISO 12944 — ZEEBHF RS

Protective Coating System

SE4E IR 1S012944 MRS EIERE RS
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Performance Testing Methods for Coating System




B 1 ok 2 R 25 48 5 926
Dynamic cyclic corrosion tests and static salt fog test

© HRFESLIHISLIO SRR TR
The test condition for salt fog is static
ASTM B117, ISO 7253, GB/T 1771

« TEMEMELES (CCT) H4F FIRE RIS RIAMKRRIMRYT . TR E /Y
S oA
Cyclic corrosion tests include temperature fluctuation, UV exposure,
dry/wet — The test condition is dynamic.

SET SR 17 Close to real environment
NORSOK M-501

ASTM D5894

NACE (2% Draft)

1SO 20340 (/£ Draft )




B S R 5 2 5 S
Cyclic corrosion tests and salt fog test

&G Th SR AR e ik

CCT Standards Description

= 72/ N L 7K 25 % 5256 (ISO 7253, ASTM B117, GB/T 1771)
72 hours Neutral Salt Spray
= 16/ TR (23°C)
16 hours dry out at ambient temperature
= 30/NEF60°CEE AN RE 5 /50°CIR RV aL TG (Bp4/ N 22 )
NORSOK M-501 (ASTM G53, GB/T 1865, GB/T 1740)

80 hours UV/Condensation,
4 hours UV at 60°C, 4 hours condensation at 50°C

Test duration — 25 weeks (4200 hours)




NORSOK M-501

1HIINORSOK M-501 1) 4%
NORSOK M-501 Acceptance Criteria

RIRE s N 3 2K Corrosion creep from scribe: less than 3mm
ANEEVE (1ISO 4628-2): 0 2% Blistering (ISO 4628-2): Rating 0

W1k (1ISO 4628-6): i 2 4% Chalking (ISO 4628-6): Max. Rating 2
REEN (1ISO 4628-3): 0 Rusting (ISO 4628-3): Rating 0

AL (1ISO 4628-4): 0 2% Cracking (ISO 4628-4): Rating O

fff 5 712 #e/N 95 MPa, il HAaE B B 5 73 AN RE /N T ET B 50%
Adhesion (ISO 4624): Min. 5.0 MPa and max. 50% reduction from original value




B S R 5 2 5 S
Cyclic corrosion tests and salt fog test

&G Th SR AR e ik

CCT Standards Description

= 72/ N L 7K 25 % 5256 (ISO 7253, ASTM B117, GB/T 1771)
72 hours Neutral Salt Spray

= 24/NEF AR (-20°C)
24 hours freeze

= T2/NBF60°CER MR IR G /50°CIR LS (BR4/ N 22 85

S0 Z0al (ASTM G53, GB/T 1865, GB/T 1740)

(5247 Dratft) 72 hours UV/Condensation,
4 hours UV at 60°C, 4 hours condensation at 50°C

Test duration — 25 weeks (4200 hours)
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Cyclic corrosion tests and salt fog test

&G Th SR AR e ik

CCT Standards Description

= 168/ ASTM G85525;
168 hours ASTM G85

= 168/NEF60°C L FM 2R HE B /50°CHE ISR EG  (FF4/NIFAZE)
(ASTM G53, GB/T 1865, GB/T 1740)

ASTM D5894 168 hours UV/Condensation,
4 hours UV at 60°C, 4 hours condensation at 50°C

Test duration — 24 weeks (4032 hours)

GB/T 1771 5% NaCl, 35°C -




B S R 5 2 5 S
Cyclic corrosion tests and salt fog test

WZ WP H DA SRR AS B #2525 A HE 2L 5K
BT 358 Z2 ST BT e 1 R

Many researchers have realized that the static salt
fog test can NOT reflect the coating anti-corrosive
performance

Douglas M.Grossman, “More Realistic Tests for Atmospheric Corrosion”, Journal of
Protective Coatings & Linings, Sep. 1996.

Simon K. Boocock, “Meeting Industry Needs for Improved Tests”, JPCL, Sep. 1995.

Ole O. Knudsen etc. “Accelerated Testing: Correlation between Four Accelerated Tests and
Five Years of Offshore Field Testing”, JPCL, Dec. 2001.

Bernard R. Appleman, “Predicting Exterior Marine Performance of Coatings from Salt Fog:
Two Types of Errors”, JPCL, Oct. 1992.

Bernard R. Appleman, “Accelerated Testing: The Prospects for Improved Coating
Performance Evaluation”, JPCL, Nov. 1989

Amy Forsgren, “Comments on the ASTM B-117, Salt Spray”, i L& hJf 72 7 .




NORSOK M-501

2SR PR AT TR

il —IE IR _
Before doing tests,
make a scribe line

AR

Panel

JE TR E TR = 5 AW AR 22 18] [A) A0 X
Corrosion would creep into the

coating system along the scribe
line.

TR Pt B8 B A 48 JO P U - 48
J%

Corrosion creep is an average value

RIRJE e S5, TR = BT T PR RE
B

The wider the corrosion creep, the
worse the coating performance
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Comparison between cyclic corrosion tests and salt fog test
=R RIS CAUEH =N RE RSB SR
System 1 > System 2 > System 3
Exposure tests had shown the rank of coating performance

OSystem 1

ystem

=R

=
S
o)
)
o
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-
o
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O
S
O

NACE (Draft) ISO 20340 ASTM B117

URE WIS
Test Methods
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Comparison between cyclic corrosion tests and salt fog test

TEIA I i SE B 2 S
CCT Salt Fog

R AR mAL
Grit blast

FHAA AL 1 A 2
Shot blast

P ERR R
Standard DFT

XU e B
Double DFT
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Corrosion Guarantee & Aesthetic Guarantee

KH T B 758 IR ARIHIBIRBCE, HIRE:

Guarantee for AkzoNobel Standard Specification, you can have:

Bl /& ph3H4% Corrosion Guarantee

- &%HF 1SO 4628-3 Ri3 54F B & phFE 4R
— £%F T 1SO 4628-3 Ri2 104E[¥IB5 & thidE R
— &%FTF 1SO 4628-3 Ri1 154 {15 & phiiE 4R

SFI R EIH{E  Aesthetic Guarantee
5 KRR - BS 3900 D535 6 BRARIFE >60%
Interfine R %) 75 I TR 58 ek S S THI 4= 1] $2 10k BF iy <R B U /7 WL i =48 AR o
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Unique Technical Service



IREHOR R 95 AR

Technical Service Engineer

» Widely Experience

F‘ , Gl
« 31 Party Certified Coating Inspector
‘ "‘ P B =T MALNUE R IR SR B
- - # « Skilled and practiced
B FRea

« Working for the client

v 5
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Technical Service Engineer

We have more than 100 NACE technical
service engineers all over China

i [E LA #1004 NACE IHER TAZ )

Marine f{}If1
Offshore /111 &
Steel Structure Industry T V4045 4

NACE CIP is sponsored by PetroChina
NACE CIP 1 [E A7 i 5% Bl >4
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Technical Service Engineer

ANACE ¢

I N TERNATIONAL
THE CORROSION SOCIETY
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INTERNATIONAL




NACE Training
NACE £/l




