
NACE TM21423-2023

NACE TM21423-2023
Revised January 19, 2023

Determination of Substrate and Surface 
Temperature Limits for Insulative Coatings 

Used for Personnel Protection

©2023 Association for Materials Protection and Performance (AMPP). All rights reserved. No part of this publication may be 
reproduced, stored in a retrieval system, or transmitted, in any form or by any means (electronic, mechanical, photocopying, recording, 
or otherwise) without the prior written permission of AMPP.

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/nace-tm21423-2023-pdf/


NACE TM21423-2023
©2023 Association for Materials Protection and Performance (AMPP). All rights reserved. 

2

Determination of Substrate and Surface 
Temperature Limits for Insulative Coatings 

Used for Personnel Protection
This AMPP standard 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 standard 
or not, from manufacturing, marketing purchasing, or using products, processes, or procedures not in conformance 
with this standard. Nothing contained in this AMPP standard 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 as indemnifying or protection anyone against liability for infringement of Letters Patent. This standard represents 
minimum requirements and should in no way be interpreted as a restriction on the use of better procedures or materials. 
Neither is this standard intended to apply in all cases relating to the subject. Unpredictable circumstances may negate 
the usefulness of this standard in specific instances. AMPP assumes no responsibility for the interpretation or use of 
this standard by other parties and accepts responsibility for only those official AMPP interpretations issued by AMPP 
in accordance with its governing procedures and policies which preclude the issuance of interpretations by individual 
volunteers.

Users of this AMPP standard are responsible for reviewing appropriate health, safety, environmental, and regulatory 
documents and for determining their applicability in relation to this standard prior to its use. This AMPP standard may 
not necessarily address all potential health and safety problems, or environmental hazards associated with the use of 
materials, equipment, and/or operations detailed or referred to within this standard. Users of this AMPP standard are 
also responsible for establishing appropriate health, safety, and environmental protection practices, in consultation with 
appropriate regulatory authorities, if necessary, to achieve compliance with any existing applicable regulatory require-
ments prior to the use of this standard.

CAUTIONARY NOTICE: AMPP standards are subject to periodic review and may be revised or withdrawn at any time 
in accordance with AMPP technical committee procedures. AMPP requires that action be taken to reaffirm, revise, or 
withdraw this standard no later than five years from the date of initial publication and subsequently from the date of each 
reaffirmation or revision. The user is cautioned to obtain the latest edition. Purchasers of AMPP standards may receive 
current information on all standards and other AMPP/NACE/SSPC publications by contacting AMPP Customer Sup-
port, 15835 Park Ten Place, Houston, Texas 77084-5145 (Tel: +1-281-228-6200, email: customersupport@ampp.org).

Document History:

2023-01-19: Revised by AMPP Standards Committee (SC) 02, External Coatings—Atmospheric

2017-12-01: Developed by NACE International Specific Technology Group (STG) 02, “Coatings and Linings, Protec-
tive—Atmospheric

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

In the 1980s, ASTM published two standards, ASTM C1055 and ASTM C1057, that outlined a process to determine 
acceptable surface temperatures for heated systems in relation to personnel protection. These standards defined the 
hazards for burns to human skin, provided certain criteria to be used in these determinations of acceptable surface 
temperatures, and provided maximum allowable skin temperatures for defined burn risks.

For purposes of personnel protection, the generally accepted temperature limit for metallic surfaces on piping and 
equipment is 60 °C (140 °F) for a maximum touch time of 5 seconds. Hot surfaces with temperatures greater than 60 
°C (140 °F) in areas accessible to workers are typically insulated or personnel protection is provided. This criterion is 
often cited by field personnel regardless of the type of material of which the hot object is made. However, these limits 
generally only apply to metals. Materials with lower thermal conducting properties such as insulation coatings can be 
touched at higher temperatures without burning the skin (ASTM C1055, ASTM C1057, NACE TM21431, ISO 13732-1, 
and Reference 1). The method for determining surface temperature limits of any material is established in ASTM C1057 
Method B, using a thermesthesiometer (TM).

In this standard, several types of temperatures are mentioned and are explained here to prevent confusion. There are 
three types: the substrate metal temperature of a heated test panel, the outer surface temperature of an insulation 
coating on top of the hot test panel and the skin temperature simulation as determined with the TM probe in contact 
with the surface of the insulative coating.

A summary of this test method is as follows: Test panels with various thicknesses of insulative coating are heated to 
various metal substrate temperatures. After equilibration, the TM probe is placed onto the surface of the insulative coat-
ing to determine the simulated skin temperature for each combination of thickness and substrate temperature. From 
the skin temperature readings, the maximum substrate temperatures can be determined for that insulative coating at 
various thicknesses. The maximum substrate temperatures can then be graphed to determine the minimum insulative 
coating thickness required, in the range of substrate temperatures tested, to be in compliance with personnel protection 
requirements.

The TM is an electrical instrument used to simulate the touch temperature response of the human skin when it comes 
into contact with a heated surface. The TM instrument uses a special thermal probe that simulates the human skin. 
The probe is placed onto a hot surface to determine the “skin temperature” after a given contact time, which in this 
standard is specified as 5 seconds. The TM is a relatively simple and inexpensive instrument and consists of a data 
logger, thermesthesiometer and thermal probe. The readings taken by the TM should not be confused with the surface 
temperature of the object being tested. The TM does not determine surface temperatures. It only simulates what the 
skin temperature will be after contacting a hot object for a given duration of time. Hot metallic objects with very high 
thermal conductivities, densities and specific heat capacity will conduct heat to the skin very quickly, thereby raising 
the temperature of the skin rapidly. Objects with low thermal conductivities, densities and specific heat capacity (as for 
insulative coatings) will conduct heat to the skin at much slower rates, reducing the potential to burn the skin.

ASTM C1057 states that users must make two choices when determining temperature limits of materials for personnel 
protection requirements: the maximum acceptable injury level and the duration of the contact time of the skin in contact 
with a hot object in question. The maximum acceptable injury level typically used in industry and specified in this stan-
dard is a first-degree burn. The contact time typically used in industry and also specified in this standard is 5 seconds. 
The temperature limit recommended in ASTM C1057 for a simulated skin temperature reading with a thermesthesiom-
eter is 58 °C (137 °F) for a contact time of 5 seconds. At a skin temperature of 58 °C (137 °F), the skin is just beginning 
to experience a first-degree burn. To put this in perspective, a metal surface at a temperature of 60 °C (140 °F) will give 
a thermesthesiometer reading of about 58 °C (137 °F) after a contact time of 5 seconds. Depending on the insulation 
value of an insulative coating, its surface temperature can go significantly higher than 60 °C (140 °F) before the skin 
temperature simulation reaches 58 °C (137 °F) after a 5 second contact time.

As stated in the Scope of this standard, the temperature limits of insulative coatings used for personnel protection de-
pend primarily on the coating thickness and the substrate metal temperature. But this temperature limit also depends, to 
a lesser extent, on the wind speed over a hot surface and the ambient temperature that the hot object is exposed to. It 
is the intent of ASTM C1057 to use worst-case conditions when evaluating skin contact temperatures from heated sur-
faces. With decreasing wind speeds, the surface temperature of a hot object is increased, resulting in a lower substrate 
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temperature limit. Therefore, a near-zero wind speed is a worst-case scenario and this standard specifies a near-zero 
wind condition during the TM testing.

Increasing ambient air temperature has the effect of increasing the surface temperature of the insulative coating. 
Increasing ambient temperatures results in higher minimum coating thickness requirements for personnel protection. 
The worst-case scenario for ambient temperature might be considered to be 38 °C (100 °F), but this will depend on the 
climate and temperatures of surrounding equipment. Therefore, it is difficult to standardize a temperature for ambient 
temperature conditions to be specified in this standard. In addition, this standard would become burdened by a much 
greater number of tests if different ambient temperature conditions were added to the test matrix.

With that in mind, a single temperature (21 °C, 70 °F) was chosen as the ambient temperature test condition. To cover 
worst-case situations where equipment is exposed to ambient temperatures at 38 °C (100 °F), users of this standard 
may specify additional testing at this ambient temperature. As an alternative, recent anecdotal testing on acrylic-based 
insulative coatings has shown that a simple addition of approximately 10% more coating thickness can be specified to 
keep the coating’s ability to provide the necessary degree of personnel protection for ambient temperatures at 38 °C 
(100 °F), as set forth in ASTM C1055 and C1057.

Insulative coatings are often used to provide effective burn protection when applied to hot equipment or piping. As part 
of an anti-corrosion system that uses a corrosion protective primer, these coatings also provide corrosion protection 
and eliminate corrosion under insulation (CUI) because the primer and insulative coating combination bonds directly to 
the steel substrate. Other insulation materials (e.g., block and fiber insulation) have air gaps between the metal and the 
insulation where water can ingress. The hot/moist condition in these gaps is a common cause of CUI.

Insulative coatings can be made of organic, inorganic or hybrid binders. The maximum service temperature limit for the 
organic-based coatings is approximately 177 °C (350 °F) with thicknesses that range from 1 to 5 mm (40 – 200 mils). 
For inorganic and hybrid coatings, the temperature limit is significantly higher and may be significantly thicker.

Scope

The purpose of this AMPP test method is to standardize the testing methods and conditions used to determine the 
substrate and surface temperature limits for different thicknesses of insulative coatings used for personnel protection 
to be in compliance with ASTM C1055. The temperature limits determined when using this test method are specific for 
each coating tested at a particular thickness and substrate temperature. A standardized test method can validate the 
temperature limits of a coating used for personnel protection and enable direct comparison of its performance to other 
commercially available coatings. This test method is intended for use by facility owners, engineers, health and safety 
specialists, coatings manufacturers, and other interested parties.

Rationale

This document standardizes the test procedures to determine the substrate and surface temperature limits of insulative 
coatings. From these temperature limits, the minimum coating thickness can be determined for the coating to be in 
compliance with requirements for personnel protection. In this latest version of this revised standard, there are numer-
ous grammatical revisions to the text and revisions to the text to make the procedures more clearly stated. Certain 
paragraphs were reordered to show more clarity as to when certain procedures are performed. There were also minor 
modifications to a few procedures to make them more accurate or to simplify the procedure.
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