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Pulsed Laser Ablation Technical Guide for
Ferrous Metal Substrates

This AMPP Guide represents a consensus of those individual members who have reviewed this document, its scope,
and provisions. Its acceptance does not in any respect preclude anyone, whether he or she has adopted the Guide or
not, from manufacturing, marketing, purchasing, or using products, processes, or procedures not in conformance with
this Guide. Nothing contained in this AMPP Guide is to be construed as granting any right, by implication or otherwise,
to manufacture, sell, or use in connection with any method, apparatus, or product covered by letters patent, or ac
indemnifying or protecting anyone against liability for infringement of letters patent. This Guide represents n."nimum
requirements and should in no way be interpreted as a restriction on the use of better procedures or materiai> Ne'ther
is this Guide intended to apply in all cases relating to the subject. Unpredictable circumstances may negate the 'seiul-
ness of this Guide in specific instances. AMPP assumes no responsibility for the interpretation or usz of this Suide by
other parties and accepts responsibility for only those official AMPP interpretations issued by AMPP i ‘accu-d-.nce with
its governing procedures and policies which preclude the issuance of interpretations by individual voluri.~ers.

Users of this AMPP Guide are responsible for reviewing appropriate health, safety, environme. *al, and regulatory doc-
uments and for determining their applicability in relation to this Guide prior to its use. This AN2P Gu. e may not neces-
sarily address all potential health and safety problems, or environmental hazards associa.2d w.'h tk.e use of materials,
equipment, and/or operations detailed or referred to within this Guide. Users of th's Zun.2P Cuide are also responsible
for establishing appropriate health, safety, and environmental protection practices, in ¢onsultation with appropriate
regulatory authorities, if necessary, to achieve compliance with any existing applicable 1 2gulatory requirements prior to
the use of this Guide.

CAUTIONARY NOTICE: AMPP Guides may be revised or withdrawn at any #me in accordance with AMPP standards
committee procedures. The user is cautioned to obtain the late~t eC'tior..."urchasers of AMPP Guides may receive

current information on all AMPP publications by contacting AMPP C stc.ner Support, 15835 Park Ten Place, Houston,
TX 77084-5145 (Tel: +1 281-228-6200, email: customersuppor.@amg>.org).

Docur yent History:

2024-08-01: Developed by AMPP 5.2 dards Committee (SC) 05, Surface Preparation

AMPP values your input. To provide feedback on this standard, please contact: standards@ampp.org
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Foreword

This guide is intended to assist surface preparation specifiers and end users in determining the suitability and benefits
of Pulsed Laser Ablation (PLA) coating removal/cleaning, Laser Ablation Coating Removal (LACR) hereafter all referred
to as PLA, using Q-switch technology for industrial applications on ferrous metal substrates. It describes the technolo-
gy, capabilities, and limitations of commercially available laser systems specifically designed to remove coatings, rust,
grease/oil, and contaminants, safely and effectively, in a process that uses only high-intensity focused light.

PLA should be used for general corrosion mitigation and surface preparation before recoating. PLA can remove 100%
of existing coatings. However, it is most effective for applications requiring less than 95% coating removal (by the sc=-
face area of the exposed substrate). The primary functions of PLA cleaning before coating applications are:

a) To remove material from the surface that can cause premature failure of the new coating syste m

b) To enhance the adhesion of a new coating system

c) To expose the surface profile of the substrate that is underneath the existing coating, or rust o:nd other
corrosion products (Appendix A provides additional information); and,

d) To reduce or remove nonvisible contamination that may be present on the substrate. Ex:omples include
thin films of oil and grease, and soluble ionic materials such as chlorides, ferrous shlts, nitrates, and sul-
fates. PLA can reduce or completely remove water-soluble contaminants as wel!as 1. <ed, non-smearable
low-level radiological contamination.

AMPP SP21511-1, “Laser Ablation for Surface Preparation of Ferrous Metals, Pulccd Le~cr’ is a standard that is
strongly recommended for use for PLA, and reference is made to it from this guide.

Rationale
Commercially available PLA systems offer a new solution for a wide ~ang : of ir dustrial surface preparation applications.
However, when considering the potential use of this technology, a nced c:ists for technical reference materials that
will educate surface preparation professionals and enable informea ‘eci.on-making to determine when, why, and how

to use PLA as the best value option. This guide is intended to'aadresc that need, and in doing so, support the use of
AMPP SP21511-1.

Referenced Standards anc Other Consensus Documents

Unless specifically dated, the latest edition, revisian. .= mendment of the documents listed in the table below shall apply.

AMPP/NACE/SSPC, www.ampp.org:

AMPP SP21511-1 Laser /Ahlation for Surface Preparation of Ferrous Metals, Pulsed Laser

NACE SP0169 Cor tro of External Corrosion on Underground or Submerged Metallic Piping Systems

NACE SP0178 l)esiy~, rabrication, and Surface Finish Practices for Tanks and Vessels to Be Lined
fc: Immersion Service

SSPC-Guide 12 5uide for lllumination of Industrial Coating Projects

SSPC-PA 17 Procedure for Determining Conformance to Steel Profile/Surface Roughness/Peak
Count Requirements

SSPC-SP COw* Surface Preparation Commentary

SSPC-SF 1 Solvent Cleaning

SS2C-22 £'NACE No. 3 Commercial Blast Cleaning
S7PC-3P 7/1 IACE No. 4 Brush-Off Blast Cleaning
2SFC SP 10/NACE No. 2 Near-White Metal Blast Cleaning

SSPC-SP 17 Thorough Abrasive Blast Cleaning of Non-Ferrous Metals

SSPC-SP 18 Thorough Spot and Sweep

SSPC-VIS 1 Guide and Reference Photographs for Steel Surfaces Prepared by Dry Abrasive Blast
Cleaning
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ASTM International, www.astm.org:

ASTM A131 Standard Specification for Structural Steel Plates

ASTM/IEEE SI10 American National Standard for Metric Practice

ASTM D16 Standard Terminology for Paint, Related Coatings, Materials, and Applications

ASTM D522 Standard Test Methods for Mandrel Bend Test of Attached Organic Coatings

ASTM D3359 Standard Test Methods for Rating Adhesion by Tape Test

ASTM D4285 Standard Test Method for Indicating Oil or Water in Compressed Air

ASTM D4414 Standard Practice for Measurement of Wet Film Thickness by Notch Gages

ASTM D4417 Standard Test Methods for Field Measurement of Surface Profile of Blac‘ Cicaned
Steel

ASTM D4541 Standard Test Method for Pull-Off Strength of Coatings Using Portabie Adhcsion Tes-
ters

ASTM D6677 Standard Test Method for Evaluating Adhesion by Knife

ASTM D1141 Standard Practice for Preparation of Substitute Ocean Water

ASTM E8 Standard Test Methods for Tension Testing of Metallic Mate. ‘als

ASTM E466 Standard Practice for Conducting Force Controlled < onstnt Amplitude Axial Fatigue
Tests of Metallic Materials

ASTM G8 Standard Test Methods for Cathodic Disbonu'n¢ of Pipeline Coatings

ASTM G39 Standard Practice for Preparation and Us : of Be xt-Beam Stress-Corrosion Test Spec-
imens

ASTM G44 Standard Practice for Exposure of .~talc and Alloys by Alternate Immersion in Neutral

3.5% Sodium Chloride Solution

American Welding Society (AWS), www.aws.org:
AWS B4.0 Standard Methods foi Me “hanical Testing of Welds

American National Standards Institutc (AN S’, w ¥w.ansi.org:
ANSI Z136.1 Safe Use «f Losers
ANSI Z136.6 Safe Uc> a1 Lasers Outdoors

Deutsches Institut fiir Norn.\ng (=.N), www.din.de/en:
DIN 12254 Sc. 2ens for Laser Working Places — Safety Requirements and Testing

International Or¢ a:.zation 1or Standardization (ISO), www.iso.org:

ISO 8502-3 Preparation of steel substrates before application of paints and related products—
Tests for the assessment of surface cleanliness — Part 3: Assessment of dust on steel
surfaces prepared for painting (pressure-sensitive tape method)

Ir erne ‘ione ' Electrotechnical Commission (IEC) www.iec.ch:
=C 238251 Safety of Laser Products, Part 1: Equipment Classification, and Requirements

National Fire Protection Association (NFPA), www.npfa.org:
NFPA 115 Standard for Laser Fire Protection
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This guide provides both U.S. customary units and IEEE/ASTM SI 10, “American National Standard for Metric
Practice” International System (SI) units. The measurements are not exact equivalents; therefore, each system
must be used independently of the other, without combining in any way. This guide uses Sl units and provides U.S.
customary units shown in parentheses for information only.

Section 1: Scope

This guide describes the use of portable or stationary Q-switched pulsed laser ablation (PLA) systems, consisting o
directed energy technology for the surface preparation of ferrous substrates as required for applying coatings or :nings,
welding, adhesive bonding, decontamination, and other applications. It will discuss the feasibility and beneti.z o1 2LA
when compared to other laser technologies as well as traditional surface preparation methods. Detailed ini >rme.‘ion is
provided on the equipment, including a generic description, suitable applications and locations for 1'se, ‘vpes of coat-
ings or contaminants suitable for removal, advantages, and limitations. This guide includes requirem_ats tc=uperating
conditions, and environmental, health, and safety compliance. Appendix A provides explanatory informc tion, some of
which uses terms specific to AMPP SP21511-1, “Laser Ablation for Metallic Surface Preparatic 1 of Ferrous Metals,
Pulsed Laser.” Appendix B provides an amplification of considerations for use including technicc!ir"ormation regarding
the interaction of the laser with coatings and substrate. Appendix C addresses additional cunsidel ations for environ-
mental approvals. Appendix D lists equipment and operating parameters. A visual guide, pi. nosed nomenclature AMPP
Guide 21711, titled “Guide and Reference Photographs for Steel Surface Non-Mc-lian: »al Cleaning by Pulsed Laser
Ablation” is in development.

This guide applies only to the use of Q-switched PLA systems on ferrous mqte substrates (does not include stainless
steel) and the coatings applied to them. There are numerous laser types-<nd s 'bstrate materials that may be suitable
for certain laser treatments. Other laser types and substrates will bc adc “essi d by separate standards in the future.

Continuous wave laser technology, also called CW lasers, designed *o re move target materials by combustion, versus
ablation/vaporization, is not within the scope of this guide.

Section 2: Definitions
For the purposes of this guide, the following terms ani J="initions apply:

Ablation Cleaning (AC): Application of FLA t» riefrare a surface for follow-on surface treatments, cosmetic improve-
ments, or decontamination. Typically used 1o re.moval of surface contaminants and surface rust from bare substrates
or other coated surfaces requiring cleanin ' sin ‘lar to SSPC-SP 1, Solvent Cleaning.

Class 4 Laser: The most dangerc Is und highest laser classification, of classifications ranging from 1 to 4. Depending
on the wavelength, at a power uty 't zoove 500 milliwatts, beam exposure can result in severe eye injury from both
direct and scattered beam reflec‘ions and may be harmful at large distances from the laser source. Class 4 lasers can
injure the skin, cause ther'nar »urtis, present a significant fire hazard, and when used for ablation, these lasers create
airborne contaminants tha. car be hazardous. The use of Class 4 lasers must comply with regulatory safety require-
ments, which vary a~cording \» where and how the laser is used.

End Effector:/ hai.1-held manually operated device the laser operator uses to turn the laser beam on and off while fo-
cusing direct lase. energy onto the work surface. Laser end effectors include designs for automated remote-controlled
operation. ‘ee also Laser Optic below.

Feeal Mange The plus or minus distance from the target surface within which effective laser ablation will occur using
a1o.used laser beam with a specific focal length. The actual focal range for a particular PLA system is determined by
tho specified focal length of the laser end effector’s aperture lens and the power output of the laser system. Typically,
the 10cal range increases relative to higher laser power.

Laser (acronym for Light Amplification by Stimulated Emission of Radiation): For the purposes of this document,
the laser is a device that stores and releases pulsed, high-intensity focused light very rapidly so that the laser output can
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