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This specification presents an industrial process for the application of thermal spray coating (TSC) on steel. It covers
safety, job reference standards, equipment setup and preparation, surface preparation, aluminum and zinc application,
and sealer and topcoat application.

ANACE (@ SSPC

INTERNATIONAL

THE CORROSION SOCIETY the society for protective coatings
NACE International SSPC: Society for Protective Coatings
1440 South Creek Drive 40 24th Street, 6th Floor

Houston, TX 77084-4906 Pittsburgh, PA15222-4643

550 N.W. LeJeune Road, Miami, Florida 33126

American Welding Society



Page No

PO SONIEL ..ottt ettt ettt e et e e e et e e be e et e et e e stb e e b e e sbesaseansaeesseeaseeasseenseaenseessbaeeseeesseenssensbaenseennns iii
FOT@WOFA ...ttt ettt et b e et e s ae e st et e bt e e sb e e s ate s btesab e eab e e sabeeeate s beesabeeabeeshbeenbeenatesa v
LIS Of TADIES ..ottt ettt ettt ettt e e ste e tee st e e st e seb e e asaeesbesabbassbeessaesnbeenseesbeenseaesseestseensaensseansaensaennsas ix
LEST Of FUQUFCS .ottt ettt ettt st ettt et s e et e st et e s bt e et e e ate s ab e e bt e sht e e s st e sab e e bt e st e enbeesabeenbaebteenbeenseesabeen ix
Lt SCOPE ettt ettt st s h e bt et e b et bt e a bt st e b et b et e bt e ebe e et e s aae st e e b et enaeennee s 1
Lol GBNETAL. ..ttt ettt st sa e et h e et b e et b e ab e sa et e bt e e saeeane st enneereen 1

L2 SATOEY ettt ettt a et h bt e bt et e bt et bt et e bt eb e e ete bt et e sheeneesaeenaeebean 1

1.3 UNIES Of MEASUIE...c..eouiiiieuieieeitenitete ettt ettt ettt et ettt et satesaesat et et et ebe e bt ebeenaeeate bt eseesueennesaeemnesrees 2

2. ReferenCed DOCUIMEILS ......ccueeiieiiieeieeieeiteeiteesteesteesteeteestteesseesseeesseesssessseesseessseesssessseesseesssesssessssesssesssseessessseen 2
3. DETINITIONS ...ttt ettt et sttt et ettt ettt eat e sa e et b e et sateb e e besa s et eate bt et e saeennesaeenneeueen 3
4. SUMMATY Of PIACTICE .....eiuieiiiiiieitieet ettt eb bttt e st ea et e s te bt ebt et e bt e nte e bt enteebtenbeebeenaene 3
5. Surface Preparation REQUITEINENLS ......c..oouiiiiiiiiieiieieiieest ettt st sttt ettt ebe e besbe et e saeeneesaeenbesaean 4
5.1 SUraCe FINISI c.ceoiiiiiiiiic ettt ettt ettt ettt e a e e ennes 4

5.2 Angular Profile DEPthi.........cocuoiiiiiiiiiieie ettt sttt sttt ettt sa et s aeebean 4

5.3 Angular Profile Depth Measurement SChedule ............cooiiriiiiiiiiiiiiiiiiie et 4

6. TSC REQUITEINEIES ....c.eeiuiemiiiieie ittt ettt e sttt ea e bt et e s bt eaeesaeeabesbe e be b e e eeebeenteebeemteebeemtesbeeneesaeenaesaeensesbean 4
6.1 Feedstock and TSC ThICKNESS ......cocueriiiiriiiiiiieieniet ettt ettt ettt et sae e e esaeesneeneen 4

6.2 T'SC TRICKNESS ..veeuvveeereetieeieeseeeiteeieestteesteesteeseetseesseesseessseesssesssaessesassessssessssassesssssensessssesnseensessssessssenssenns 6

6.3 TSC Thickness Measurement SChEUIE .........coc.ccuieiiriiriininiiniicceecereeee ettt s erees 6

6.4 TSC Tensile Bond and Measurement SChedUule ............cccovciieiiiiriiinieiie et s see e e 6

6.5 BEIA TS ...cuiiiiiiiiieiete ettt ettt ettt et sttt h et s at ettt ettt e e saeeanesaeenneereen 7

6.0 TSC FINISI c.viiiiieiiece ettt ettt e e e st e s te e ae e st e e steesseeessbessbaenseestseensaessesnsaansaeenseesssesnsennes 7

6.7 T'SC POTOSILY ..eeueteiieeiiieiiteette ettt sttt sttt ettt st et e st e e s atesab e et e e shbe et e e sabesabeenbeessbeasatesnbeessbesaseeseesaeesasennse 7

6.8 TSC QC Measurement Procedures and INSIIUMENLS ............cooeiiuiiiiiiiiiiiieeeiieeeete e et e e eeeee e et e e eeaeeeeaeeeeans 7

7. TSC APPliCAtion PrOCEAUIE ........cocuiiiiiiiiiieieeiiee ettt ettt sttt sttt b et e bt s e e sbe et e saeenaesaeenbeebean 7
Tl GENETAL. .ttt ettt st e sttt et b et e h et ea et esa et saeentesaeenneeheen 7

7.2 Thermal-Spray EQUIPMENt SETUP......cc.eoruiiiiiiiieieeiete ettt sttt ettt et e st eate bt et e seeeneesaeenaeebean 7

7.3 Post-Blasting Substrate Condition and Thermal Spraying Period..........ccccceeveeviiiiiiniiniiinienieeneeeeeeieee 8

T4 TSC FLASN COAL....uuiiiiiiiiieiiieieeciteieete et este et esteeesbeesteesbeesseesssaesseaassessssesssaasseessseanseesssesssaenssesnsesssessennes 9

8. T'SC APPIICALION. ....eeeuieiiieitieite ettt ettt et e e s bt et e e beesaeesabe ettt eabeesbeesabe e stensteebteesaeesatesabeeseesseesanesnseenne 9
LT B = (< 11| RO P U USRR TSR 9

8.2 THETMAl SPIAYINZ ..cuvvieiiiiiieiiieite ettt ettt ettt et e s bt e s bt e sabesabeenbeeeateeabeesabeenbeenbaeenseenatesabeesnesans 9

9. Application of Sealers and TOPCOALS.......c..ccvecuerieiiriiieieiieeee ettt ettt ettt st s sr et et e ebe e 10
0.1 GBINETAL...cniiiiiiitiete ettt st st e h e b st eh e et eeat e a e eae e saeeat e sae e n e be e s esunens 10

0.2 SEANET ...eeeeieeiee ettt ettt ettt et e ettt te e bt et ee e te e e e e as bt e bt eeraeebeearbeanteentaeenbeeaseeabeenbeenseeerbeenseenntenn 10

0.3 TOPCOAL ...ttt ettt ettt ettt e st e s et e s it e bt e eate e bt e s s be e st e eab bt e b e e e ate s e bt e abesat e e eheeeabe e bbesabeenbeesateeaeenateen 10

0.4 APPIYING PAINS......iiiiiiiiiiiie ittt ettt sttt ettt e st e e st e s b te s et e ea bt e sbtesabe e bbesabeenbeesateenaeenateen 10

TO. RECOIAS .. utiiiiiiiieetie ettt ettt et s e e et et et b e e s teeesbe e baesabeesbeessseesseesseessaaaseesaseessessseassseensaasseenssenssaesseeanseenseenssenn 10
11. Debris Containment and CONLIOL..........cociiiriiiiiniiienieienteetecete sttt sttt ettt ettt ebeese st esaesaeesnesanen 10

Table of Contents

vii



12. Work Procedures and SafELY ........coooiiiriiiiiiiieeee ettt ettt h et eb ettt e st saean 10
13, DOCUIMEIEALION ...ititeeiieteete ittt ettt sb et e b et e e b e e e et e ea b et e et e sbeeseesbeesbesheemsen bt embe bt entesseenteebeembesseenaesaeensesnean 10

13.1 TSC Applicator’s Application ProCedUIe..........cc.eooiiiiriiiiinieiieiieie ettt ettt s 10

13.2 Job Reference Standard (JRS) .......cooiiioiiiiiie ettt et et e e et e e e e e ette e e eaa e e eaaeeeeaneean 10
14. Contract Pre-Award Evaluation, Demonstration, and Validation ............ooeeeeeeeooeieeeeeeeeeeeeee e eeeeeeeeeeeeaeeeeees 11
15. TSC APPLHCALOr WAITANLY .....eotieiiiiieiiiitieiesteente sttt ettt ettt et e shtes et satebeebe e b e bt esbesstenbesatenteebeensesseenaesaeensesnean 11

15.1 TSC APPICALOr WAITAINLY ... .eeueeiuientiitiertieiiesie ettt ettt ettt e et et esteeb e e s besbtesteeatenbe et e bt entesaeeatesbeembebeensenbeans 11

15.2 MALErials USEA .....eeueiiieiiieiieiiie ettt ettt ettt st e bbb e s b e st e e bt est e e st e bt eatesbesatesbeembebeenaenbeans 12
FUIRET REAAINEG ....eenveeneeiietteteeee e ettt b ettt ettt et s bt eat e s at et s ae et e bt e beeb e et e et e eaeenbesatensesanan 12
MANAGIOTY ATILEX ...veeveeneeeie et eteetee e e stteete et esabeeeseestaeesse e sseesseasseeaaseesssassseassaeassaenseesnseanssansseansaesssesssaesssenssens 13
Annex I—Application ProcCeSsS MEIHOA. ...............coovuiecuieiiiniieieiee ettt ettt ettt sttt e st sbte s eabeesbeenaeenateas 13
INONINANAGIOTY ATIEXES ...cveeeeeeieeeeeiteeie ettt ettt et e bt e bt e bt st e bt e st e e s st e s et e e bt e eubeesueesabe e st esteenbaesatesabaesnsesnsaeses 21
Annex A—Model Procurement SPECIFICALION .........cceeeueeiuiesieiieeeiteeee ettt eiee sttt sttt eate e saeesbe s st esateesbeesanesbaes 21
Annex B—Model Job CORITOL RECOTA ............c.cocuirceeiiiiiiiiiniiiniieieiietett ettt ettt ea et sae e st 29
Annex C—Procedure for Calibration of Portable Test Instruments to the ASTM C 633 Test Method ..................... 33
Annex D—Guidelines for the Preparation of Technical Inquiries for AWS Technical Committees.......................... 35
List of AWS Documents 0n TRETMAL SPTAYING «..c...oevueereeiiiiieiieite ittt sttt ettt ettt et e st ettt enbaesaeesanes 37
List of NACE International/SSPC Documents on Thermal SPraying ..........ccccccceecvevvieeiinniinsieeneesnieeniesieenieeseee s 37

viii



Table

EENELOS I O R

Ll
—

List of Tables

Page No
TSC System Requirements and ACCEPLance TESES .......c.uecuirieriirieniirierie ettt s 5
Blasting Media and Mesh Size Found Suitable for TSCs on Steel Substrates ..........ccccooeeeenenienenieceennnne 6
Minimum Tensile Bond REqUITEMENES ...........oouiiiiriiiiiiiierieeiieee ettt 7
Bend-Test Cracking Threshold: Mandrel Diameter vs. TSC Thickness .........c.ccoceveerenieieninneneeieneenee 7
Flame- and Arc-Spray Standoff Distances and Spray Widths, Nominal..........ccccooceeviiiiniiniinenieninnenene 17

List of Figures

Page No
Thermal SPray COatiNg PIOCESS ......cccutiiutiiiiirieiiterteetee sttt ettt sttt sttt e s e st et et e s tee st e sbeenbeesbeesseenssenas 1
Job Reference Standard IHTUSIIAtION ......c..cccuerieiiriiiiiinieienceie ettt eneens 4
Line and SPOt MEASUTEINIEIILS ....cc...evvierueeerieerieeiietee ettt esieesteebtesteeesbeesueesabeessseeuseesbeesnseensaessseesseesseesseesnseenne 6
TSC Bend Test: Pass and Fail EXamMPIESs .........cocuiiiiiiiiiiiiiieiieie sttt ettt 8
Thickness and Tensile-Bond Measurements for JRS Qualifications............cc.eeevvviiiiieesiieeeiieeecieeesiee s 11
Key Production and Quality Control Checkpoints (QCCPs) for Applying Thermal Spray Coatings......... 13
Proper Spray GUN AdJUSTMENT .......ooveiriiiiitiirieeieeite ettt ettt e st e ste s b te st e eabeesbaesbeesabesabaenbeesaseesseennseas 18
Line and SPOt MEASUTEINIEIILS ....cc..viruvieiieeriieniiesiitette ettt esieesuteettesbteesteesaeesabtesaseeateesbeesnbessbeesaseenseesseenseennsens 18
CalIDIation FIXTUIE ......cocoiiiiiiiiiiiireeeeeeec ettt ettt ettt st ea e sbe e ene et ae e b seeenneeanen 33

iX



AWS C2.23M/C2.23:2003, NACE No. 12, SSPC-CS 23.00

Specification for the Application of Thermal
Spray Coatings (Metallizing) of Aluminum,
Zinc, and Their Alloys and Composites
for the Corrosion Protection of Steel

1. Scope

1.1 General. This standard is a procedure for the appli-
cation of metallic Thermal Spray Coating (TSCs) of
aluminum, zinc, and their alloys and composites for the
corrosion protection of steel. Required equipment, appli-
cation procedures, and in-process quality control (QC)
checkpoints are specified. This standard may be used as a
procurement document. Annex A presents a fill-in-the-
blanks model procurement specification. The flow
diagram in Figure 1 provides an overview of the thermal
spray coating process presented in this standard.

Not included in this standard are requirements for
design and fabrication, thermal spray equipment qualifi-
cation, coating selection, and operator and inspector
certification. For successful thermal spray application,
the steel structure and components should be designed
and fabricated according to NACE Standard RP0178.
Additional consideration should be given to weldments
whose oxyfuel cut edges may affect hardness which may
preclude adequate profile depth.

1.2 Safety. The basic precautions for thermal spraying
are essentially the same as for welding and cutting.
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Figure 1—Thermal Spray Coating Process





