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SAMPLE IDENTIFICATION
Reflective insulation identified as “AstroShield I, Nominal Thickness: 0.3125-Inch
(Reflective/Double Bubble/Reflective).” The product is classified as a vapor retarder.
SAMPLING INFORMATION
R&D Services, Inc. received this product for evaluation from the Innovative Energy, Inc. facility
in Lowell, IN on May 16, 2023. No evidence of sampling was provided.
SAMPLE CONDITIONING
Specimens were conditioned for a minimum of 24 hours at 73 +4 °F (23 +2 °C),and 50+ 5 %
relative humidity prior to the start of tests or as specified in the applicable test procedure.
SUMMARY OF TEST RESULTS

The following results were determined from the evaluation of the product.
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Table 1: Results Summary for Physical Properties

Requirement per

MATERIAL PROPERTY Result ASTM C1224-22 PASS/FAIL
Thermal Emittance 0.1 <0.1 PASS
Water Vapor Permeance
(Initial) 0 <1 for Vapor Retarder PASS
(perm)
Surface Burning Characteristics®
(Silver Surface)
Flame Index 0 <25 PASS
Smoke Developed Index 5 <50 plenum application or PASS
<450 exposed application
Surface Burning Characteristics?
(Simulated Field Joint)
Flame Index 10 <25 PASS
Smoke Developed Index 15 <50 plenum application or PASS
<450 exposed application
Humidity Resistance
Corrosion (%) 0 <2 PASS
Delamination No Delamination No Delamination PASS
Water Vapor Permeance
(Post ASTM C1258) 0 <1 for Vapor Retarder PASS
(perm)
. . L. No Bleeding or No Bleeding or Delamination
Bleeding and Delamination Delamination > 2% of Specimen Area PASS
Pliability No DeIamirTation or No DeIamir?ation or PASS
Cracking Cracking
Fungi Resistance St Sl PASS

Comparative Item

Comparative Item

Numerical results shown in Table 2 have been rounded to the same significance as the physical property requirements of ASTM C1224.

1 Results of ASTM E84 are contained in Capital Testing and Certification Services report no. T-17170, Appendix A1.
2 Results of ASTM E84 are contained in Capital Testing and Certification Services report no. T-17169, Appendix A2.
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A. THERMAL EMITTANCE

ASTM C1224, Section 9.1 and ASTM C1371, Section 7.4
Date of Test: June 30, 2023

The results of the test specimen were obtained using a Model AE emissometer manufactured
by Devices and Services Company of Dallas, Texas. The emissometer is powered to provide
warm-up prior to use. A warm-up time of one hour in a conditioned laboratory has been found
to be acceptable. Calibration at high and low emittance was performed, after the warm-up
period, using calibration disks supplied by Devices and Services Company.

The test specimen was placed in good contact with the thermal sink that is part of the
apparatus. The measurement head of the emissometer was placed on the test specimen and
held in place at least 90 seconds for each measurement. The emissometer was calibrated prior
to use and calibration was verified at the end of testing. The average emittance reported
below is based on three measurements.

A specimen of facer film used to manufacture the final product was measured.

Table 2: Test Parameters

High Emittance Calibration 0.86
Low Emittance Calibration 0.06
Temperature (°F) 72
Relative Humidity (%) 49

Table 3: Thermal Emittance Results

Specimen Thickness as Tested Thermal Emittance Measurements Standard
Description (mm) 1 2 3 Average Deviation
Metallized Film 0.05 0.061 0.062 0.056 0.060 0.003

B. WATER VAPOR PERMEANCE BEFORE HUMIDITY RESISTANCE EXPOSURE

ASTM C1224, Section 9.2 and ASTM E96, Desiccant Method
Date of Test: July 4 — August 8, 2023

Three test specimens measuring 5.75-inch ¢ were tested with a round pan design similar to
the example in ASTM E96, Figure 1. Test specimens were sealed to the open mouth of a test
dish containing desiccant or water, with the edges of the specimen sealed around the top
ledge of the pan with microcrystalline wax (60%) mixed with refined crystalline paraffin wax
(40%). An additional blank dish was prepared to serve as a control.
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Assemblies were placed into a controlled atmosphere maintained at 73 +4 °F (23 + 2 °C) and
50 = 5 %RH. Periodic mass collections determine the rate of water vapor movement through
the specimens. The reported permeance was calculated using the method outlined in ASTM
E96, Section 15.2.1. The permeance was corrected using the “Edge Mask Correction” method
outlined in ASTM E96, Section 15.6.2 where the mouth area defines the test area of the

specimen.

The tests were conducted in a controlled atmosphere maintained at 23 +1 °C (73 £2 °F) and 50

12 %RH.
Table 4: Test Conditions
Procedure Used A - Desiccant
Temperature (°F) 73.4
Relative Humidity (%) Dry Side 0.0
Relative Humidity (%) Wet Side 50.0
Relative Humidity (%) Mean 25.0
Test Duration (h) 815
Table 5: Water Vapor Permeance Results
Specimen 1 2 3 Average
Mass Change (g) 0.0096 0.026 0.011 0.016
Specimen Area (ft?) 0.145 0.145 0.145 0.145
Water Vapor Transmission (gr/hft?) 0.0012 0.0033 0.0013 0.0020
Saturation Pressure (in Hg) 0.829 0.829 0.829 0.829
Pressure Difference (in Hg) 0.415 0.415 0.415 0.415
Permeance (perm, gr/ft>*h*(in Hg)) 3 0.003 0.01 0.003 0.005
Thickness (in) 0.20 0.20 0.20 0.20
Permeability* (perm-in) NA NA NA NA

* Permeability can only be determined for materials that are homogenous and > 0.5-inch thick.

3 ASTM E96/E96M-22, Section 16.1.7.1: When reporting in Inch-Pound units, for results 1.0 perm and greater, report the
results to two significant figures. For results less than 1.0 perm, report the result to two decimals.
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Figures 1 — 3. Water Vapor Permeance — Mass Tracking
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Figure 4. Samples as Tested

C. SURFACE BURNING CHARACTERISTICS

ASTM C1224, Section 9.3, ASTM E84, and ASTM E2599

Date of Tests: August 29, 2023

Surface burning characteristics were determined using multiple configurations including a
simulated field joint. The specimens were mounted in accordance with ASTM E2599. The

maximum flame spread index and smoke development results are shown in Table 2 of this
report.

Section 6.3 of ASTM C1224 states:

1) Maximum surface burning characteristics shall not exceed 25 flame spread and 50
smoke development index for inside plenum applications.

2) Maximum surface burning characteristics shall not exceed 25 flame spread and 450
smoke development index in exposed building applications.
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Tests were conducted by Capital Testing and Certification Services and reported under test

report numbers T-17170 and T-17169. The test reports are included in the appendix of this
report in their entirety.

D. HUMIDITY RESISTANCE

ASTM C1224, Section 9.4 and ASTM C1258
Date of Test: July 5 — August 2, 2023

This test method covers the determination of the resistance of flexible low permeance vapor
retarders for thermal insulation to elevated temperature and humidity. Water vapor
permeance measurement and visual inspection after exposure at elevated temperature and
humidity are used to assess vapor retarder response.

Five specimens spaced evenly across the product’'s width dimension, with minimum
dimensions of 6 by 6-inch (150 by 150 mm) were prepared while wearing cotton gloves. Four
specimens were vertically suspended in an environmental chamber in a manner that all sides
of specimens were subjected to the chamber atmosphere and a minimum of 0.5-inch (13 mm)
airspace between them. The fifth specimen was retained as an unexposed control.

The specimens were subjected to elevated temperature and humidity at 120+ 2 °F (49t 2 °C)
and 95 + 2 %RH for a period of 28 days, then visually inspected over a lighted box for signs of
corrosion and delamination. Metallized products are examined for evidence of corrosion in
the form of pinholes, large holes, increased translucency, or other signs of metallization loss
as compared to a control specimen. Foil laminates are examined for evidence of corrosion in
the form of pinholes, large holes, increased translucency, and crystalline deposits as
compared to a control specimen. No tested specimen shall exhibit visible corrosion exceeding
2% of the test area nor exhibit unaided delamination of layers.

Table 6: Humidity Resistance Observations

Specimen 1 2 3 4
Delamination No No No No
Corrosion % 0 0 0 0
Page 9 of 35
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Figure 5. Specimens after Exposure — Light Box Observation

E. WATER VAPOR PERMEANCE AFTER HUMIDITY RESISTANCE EXPOSURE

ASTM C1224, Section 9.2, ASTM C1258, Section 9.1.3, and ASTM E96, Desiccant Method
Date of Test: August 14 — September 15, 2023

Three test specimens measuring 5.75-inch ¢ were tested with a round pan design similar to
the example in ASTM E96, Figure 1. Test specimens were sealed to the open mouth of a test
dish containing desiccant or water, with the edges of the specimen sealed around the top
ledge of the pan with microcrystalline wax (60%) mixed with refined crystalline paraffin wax
(40%). An additional blank dish was prepared to serve as a control.
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Assemblies were placed into a controlled atmosphere maintained at 73 +4 °F (23 + 2 °C) and
50 = 5 %RH. Periodic mass collections determine the rate of water vapor movement through
the specimens. The reported permeance was calculated using the method outlined in ASTM
E96, Section 15.2.1. The permeance was corrected using the “Edge Mask Correction” method
outlined in ASTM E96, Section 15.6.2 where the mouth area defines the test area of the

specimen.

The tests were conducted in a controlled atmosphere maintained at 23 +1 °C (73 £2 °F) and 50

12 %RH.
Table 7: Test Conditions
Procedure Used A - Desiccant
Temperature (°F) 73.4
Relative Humidity (%) Dry Side 0.0
Relative Humidity (%) Wet Side 50.0
Relative Humidity (%) Mean 25.0
Test Duration (h) 770
Table 8: Water Vapor Permeance Results
Specimen 1 2 3 4 Average
Mass Change (g) 0.020 0.046 0.021 0.026 0.028
Specimen Area (ft?) 0.145 0.145 0.145 0.145 0.145
Water Vapor Transmission (gr/h"ft?) 0.0027 0.0061 0.0028 0.0034 0.0038
Saturation Pressure (in Hg) 0.829 0.829 0.829 0.829 0.829
Pressure Difference (in Hg) 0.415 0.415 0.415 0.415 0.415
Permeance (perm, gr/ft?h*(in Hg))* 0.01 0.01 0.01 0.01 0.01
Thickness (in) 0.22 0.22 0.21 0.22 0.22
Permeability* (perm‘in) NA NA NA NA NA

* Permeability can only be determined for materials that are homogenous and > 0.5-inch thick.

4 ASTM E96/E96M-22, Section 16.1.7.1: When reporting in Inch-Pound units, for results 1.0 perm and greater, report the
results to two significant figures. For results less than 1.0 perm, report the result to two decimals.
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Figures 6 — 9. Water Vapor Permeance — Mass Tracking

Figure 10. Samples as Tested
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F. BLEEDING AND DELAMINATION

ASTM C1224, Section 9.5.1
Date of Test: June 22, 2023

This test method determines the structural integrity of the product by adhesive bleeding and
delamination.

Three specimens approximately 3 by 6-inch (75 by 150 mm) were collected from separate
locations of the product. Specimens were vertically suspended in an oven and heated to a
temperature of 180 + 5 °F (82.2 °C) for a minimum of 5 hours. Specimens were evaluated
under 5X magnification for evidence of adhesive bleeding through surface of specimens, or if
separation of foil from substrate (delamination) occurred.

Table 9: Bleeding and Delamination Observations
Bleeding Observed No
Delamination Observed No

G. PLIABILITY
ASTM C1224, Section 9.5.2
Date of Test: June 26 — 28, 2023

This test method determines the structural integrity of the product by cracking or
delamination of specimens due to folding and bending.

Three specimens approximately 3 by 6-inch (75 by 150 mm) were collected from different
locations of the product with one specimen containing a factory produced edge.

Specimens were conditioned at a temperature of 70 £ 2 °F (21 °C) and 50 + 5 %RH >24 hours.
Specimens were folded in accordance with TAPPI T512 using light finger pressure. Specimens
were observed for evidence of cracking or delamination when folded to a 180° bend.

Specimens were then conditioned at 32 + 2 °F (0 °C) 224 hours. Specimens were folded in
accordance with TAPPI T512 using light finger pressure. Specimens were observed for
evidence of cracking or delamination when folded to a 180° bend.

Table 10: Pliability Observations
Cracking Observed No
Delamination Observed No
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H. FUNGI RESISTANCE

ASTM C1224, Section 9.6 and ASTM C1338
Date of Test: June 26 — July 24, 2023

Evaluations for fungi growth are based on visual examinations at 40X magnification. The
examinations at 40X magnification compare fungal growth on material being evaluated with
the fungal growth on an untreated comparative material that was exposed to the same
environment as the test specimens.

Five inoculums defined in ASTM C1338, Section 4.2 were used for this evaluation and are
shown below. The inoculums were maintained separately on Czapek Dox, or Sabouraud

Dextrose agars as defined in ASTM C1338, Section 4.3.

Table 11: Inoculum

Aspergillus niger ATCC 9642
Aspergillus flavus ATCC 9643
Aspergillus versicolor ATCC 11730
Penicillium funiculosum ATCC 11797
Chaetomium globosum ATCC 6205

A mixed spore suspension was prepared in accordance with ASTM C1338, Section 6.1 and
stored at 43 £+ 7 °F (6 = 4 °C) until the viability test indicates poor growth, or until growth
appears in the sealed storage bottle.

Three specimens approximately 2 by 2-inch (50 by 50 mm) and a comparative material were
inoculated with the mixed spore suspension. One set of two prepared hardened Czapek Dox
agar specimens and one prepared Sabouraud Dextrose agar inoculated with the mixed spore
suspension were used as viability specimens to determine the viability of the spore
suspension during incubation.

The prepared test specimens were maintained in a test chamber maintained at 86 + 4 °F (30
+ 2 °C) and a relative humidity of 95 + 4 % for a minimum period of 28 days + 8 hours with
weekly observations for the duration of the test. Test specimens were evaluated using the
observation scale shown below.

Table 12: Observation Scale

Rating Description
1 No Growth
2 Growth
3 Specimen has less growth than the control
4 Specimen has same amount of growth as the control
5 Specimen has more growth than the control
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Table 13: Observations

Observation Viability Comparative Material: Specimen Specimen Specimen
Intervals White Birch 1 2 3
Day 7 2 2 1 1 1
Day 14 2 2 3 3 3
Day 21 2 2 3 3 3
Day 28 2 2 3 3 3
Test Result: PASS

Figure 11. Specimens After 28 Day Exposure
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CONCLUSION
Upon completion of the tests outlined in this report, it has been determined that this product
meets the requirements outlined in ASTM C1224.

UNCERTAINTY
R&D Services, Inc. has applied the “Simple Acceptance” rule, also called “Shared Risk

approach,” of ILAC-G8:09/2019, Guidelines on Decision Rules and Statements of Conformity
for this report.

R&D Services, Inc.

Completed By: Carla King Reviewed By: Stuart Ruis
TITLE Reporting Manager TITLE President
Signature 0,0)&\Q_/Au-% Signature M
Date 09/29/23 Date 09/29/23
REVISION LOG
Revision Date Page(s) Revision
Number 8
0 09/29/23 Initial Report
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Figure 12. Specimen As Received
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APPENDIX
Al. SURFACE BURNING CHARACTERISTICS
(SILVER SURFACE)

A2. SURFACE BURNING CHARACTERISTICS
(SIMULATED FIELD JOINT)
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Al. SURFACE BURNING CHARACTERISTICS
(SILVER SURFACE)
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A2. SURFACE BURNING CHARACTERISTICS
(SIMULATED FIELD JOINT)
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