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INTRODUCTION

Johns Manwville technical teams continually strive to explore the best methods to provide information to the industrial market. Recently,
we contracted with an independent research and development organization to design, build, and test fully insulated assemblies for
corrosion under insulation (CUI) and thermal stability in order to understand how thin blanket insulations perform in “real world”
installation and environmental conditions. As part of the testing, the assemblies were exposed to harsh environmental conditions to
accelerate corrosion and promote system aging. Atthe conclusion of the testing, the third-party agency analyzed the results, and we
compared them to laboratory data based on ASTM specifications.

The use of a third-party testing agency provides a number of benefits, including consultation and unbiased direction when designing
and conducting the tests, as well as objective review and conclusions. This is why this new test method that studies the long-term
effects of highly corrosive environments on insulated assemblies is, in our view, a comprehensive look at conditions that reflect “real
world” performance.

TEST METHODS

The two competitive, thin blanket insulations examined in this study were Johns Manville's microporous blanket, InsulThin® HT, and
a tested silica aerogel blanket insulation produced by a leading aerogel insulation manufacturer. During the testing, two layers of
InsulThin HT were wrapped around 2” carbon steel pipes and secured with metal cladding. The tested tested silica aerogel was also
applied in the same configuration, and each insulated assembly was then exposed to one of the following different environmental
conditions:

e The first condition maintained the pipe temperatures at 45°F throughout the test, periodically submerging the samples in up to
1500ppm chloride solutions, so that the assembly remained wet
for the entire duration of the test. These conditions were sustained for a total of 6 months.

e The second condition periodically immersed the two assemblies in solutions with up to 1500ppm chloride. Throughout the test, the
pipe temperatures were cycled between ambient and 600°F,
causing “boiling” conditions for 18 hours each week for 6 months.

RESULTS FOR CONDITIONS ONE AND TWO:CORROSION UNDER INSULATION

For each of the four test protocols (two insulations in two, different environmental conditions), corrosion rates and depths were
calculated using an electrochemical method (Table 1), ultrasonic technique, and an optical microscope. The measurements were
compared to results from laboratory ASTM tests, using the same two insulations on carbon steel. The conclusions from the third-party
test agency’s report provide support that ASTM C665 and C1617 test methods currently being used by the industrial industry are a good
representation of “real world” conditions. The conclusions include the following:

e At constant low temperatures (45°F conditions), InsulThin HT and the tested silica aerogel blanket have similar corrosion rates
and depths.

e Athigh-temperature cycling conditions (between ambient and 600°F), InsulThin HT has lower corrosion rates and depths
compared to the tested silica aerogel blanket.

¢ Deep, localized pitting is more significant in high-temperature conditions with the tested silica aerogel blanket than it is with
InsulThin HT (Figure 1).

Table 1: Mean corrosion depths measured by electrochemical methods after high-temperature cycling conditions.

Insulation Mean Corrosion Depth (pm)
2 Months in Non-Chloride Solution 4 Additional Months in Chloride Solution
Johns Manville InsulThin HT 7 213
Tested Silica Aerogel 91 1396
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Figure 1: Optical cross-section of a carbon steel surface under the tested silicaaerogel blanket insulation after high-temperature
cycling conditions, showing deep, localized pitting. Deep, localized pitting is more concerning than uniform shallow pits.

RESULTS FOR CONDITION TWO: THERMAL STABILITY

For the two insulation assemblies that were cycled to 600°F, the surface temperatures were recorded when the assemblies were dry
(not submerged in water) at different times during the test (Table 2). The data show significant differences in thermal performance
between the two blankets over time. Temperatures based on NAIMA 3E Plus® software for both insulations before and after thermal
shift (change in thermal conductivity after exposure to high process temperatures) also show differences in the expected thermal
performance. Thermal conductivities based on ASTM C335 (pipe geometry) were used for the modeling calculations

(Figure 2).

Table 2: External metal sheathing temperatures after repeated wet/dry and high-temperature cycles. NAIMA 3E Plus software modeling
values before and after thermal shift are shown for comparison.

Insulation External Metal Sheathing Temperatures (°F)
1 week 3 months 6 months 3E Plus 3E w/shift
Johns Manville InsulThin HT 158 159 164 160 160
Tested Silica Aerogel 177 185 191 169 177
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Figure 2: Thermal conductivity values tested via ASTM €335 before (1st cycle) and after (2nd cycle) thermal shift. Note the
thermal conductivity values for InsulThin HT do not vary between the 1st and 2nd cycles.

The most interesting observations based on the third-party data are the following:

e At 600°F process temperature, InsulThin HT performs as expected and has better thermal performance than the tested
silica aerogel blanket — both initially and after 6 months of wet/dry and high-temperature cycling.

e The tested silica aerogel blanket has a higher degree of thermal degradation when compared to InsulThin HT after 3
and 6 months of wet/dry, high-temperature cycling conditions.

e Athermal degradation of the tested silica aerogel blanket has been demonstrated in “real world” conditions by the
third-party agency testing. Modeling calculations capture the initial thermal shift, but not the longer-term thermal
degradation that may be due to high-temperatures and/or exposure to water.

CONCLUSIONS

Understanding how “real world” or accelerated conditions may affect insulation test assemblies provides end users
critical information when specifying different materials. The results from the third-party testing just described are relevant
when designing insulation thicknesses, predicting system longevity, and calculating labor and material costs. Depending
on the requirements of the application and the environmental conditions of a project, additional insulation material

may be required, or the system may need to be repaired more often than planned. The new, third-party data provide an
independent and comprehensive perspective when choosing materials that can significantly impact system performance
and safety.

Technical specifications as shown in this literature are intended to be used as general
’ guidelines only. Please refer to the Safety Data Sheet and product label prior to using this
product. The physical and chemical properties of the products listed herein represent
typical, average values obtained in accordance with accepted test methods and are
_Johns Manville subject to normal manufacturing variations. They are supplied as a technical service

and are subject to change without notice. Any references to numerical flame spread or
smoke developed ratings are not intended to reflect hazards presented by these or any
717 17th St. other materials under actual fire conditions.
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All Johns Manville products are sold subject to Johns Manville’s standard Terms and
Conditions, which includes a Limited Warranty and Limitation of Remedy. For a copy

JM.com of the Johns Manville standard Terms and Conditions or for information on other Johns
Manville thermal insulation and systems, visit www.jm.com/terms-conditions or call
(800)654-3103.
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