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Cookeville, Tennessee 38502-2400

Services Phone: 931-372-8871
Fax: 931-525-3896

April 14, 2014

Delfina-Bi Baranda Robles
Knauf Insulation

Trata 32

4220 Skofja Loka
Slovenija

R & D Services, Inc. has completed tests on “WM 680” Mineral Fiber Wired Mat provided by Knauf
Insulation in Novi Marof, Croatia. R & D Services, Inc. received three packages of roll insulation on
January 16, 2014. The wired mats were received with galvanized steel mesh and galvanized steel
wire. All wire and mesh were removed prior to measurements. Tests have been completed to verify
that the product complies with ASTM C592 requirements for Type lll insulation. The test results are
summarized in Table 1 and 2.

Table 1
ASTM C592
MATERIAL PROPERTY TEST STANDARD RESULT REQUITEMENT
PASS/FAIL
Density (kg/m°) ASTM C167 94.75 PASS
Length—-101.5%
Dimensional Recovery (% of label) ASTM C167 Width —100.3 % PASS
Thickness —127.4 %
Maximum Use Temperature (649 °C) ASTM C447/C411 No reaction PASS
Linear Shrinkage (% change) ASTM C356 0.72 PASS
Water Vapor Sorption (Mass %) ASTM C1104 0.04 PASS
Odor Emission ASTM C1304 PASS PASS
Thermal Conductivity ASTM C177 See Table 2 See Table 2
Corrosiveness ASTM C795 PASS PASS
Steel — PASS PASS
Corrosiveness ASTM C665; Section 13.8 Copper — PASS PASS
Aluminum — PASS PASS
Fungi Resistance ASTM C1338 No Growth* PASS
Non Fibrous Shot Content ASTM C1335 101 PASS
(% content)
Non Combustibility ASTM E136 PASS* PASS
Surface Burning Characteristics ASTM E84 ;gll :(()): PASS
*Results reported from WM640 product, WM680 product performance is equivalent
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Table 2
ASTM C592
MEAN TE;\:ICP)ERATURE THERMA(:.NC/(I)T:\.I%L)JCTIVITY REQUIREI‘\)IIENT PASS/FAIL
(W/m-°K)
-4 0.0332 0.033 PASS
25 0.0344 0.035 PASS
38 0.0360 0.038 PASS
94 0.0434 0.045 PASS
149 0.0509 0.053 PASS
204 0.0572 0.063 PASS
260 0.0683 0.075 PASS
316 0.0790 0.087 PASS
372 0.0944 0.101 PASS

Test results on the Knauf Insulation “WM 680” Mineral Fiber Wired Mat show that the product
meets the requirements of ASTM C592 for Type Il classification.

Fer

Stuart Ruis
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Dimensional Tolerance Test Report

Test Number: RD141409DT

Specimen Number; 1211140116-7,9

Date of Test: January 22, 2014

Date of Manufacture: Unknown

P.O. Box 2400

Cookeville, Tennessee 38502-2400

Description of Test Specimen: “WM 680” Mineral Fiber Insulation Mat

Phone: 931-372-8871

Fax: 931-525-3896

Test Method: ASTM C592-13, “Standard Specification for Mineral Fiber Blanket Insulation and

Blanket-Type Pipe Insulation (Metal-Mesh Covered) (Industrial Type)” Section 11.2;: ASTM C 167-

09, “Test Methods for Thickness and Density of Blanket or Batt Thermal Insulations.”

Report Prepared For: Knauf Insulation(Slovenija)/ Delfina-Bi Baranda Robles

Results:
Minimum Maximum Average R
Measurement Measurement Measurement O/EC?\I/et:yl
(inch) (inch) (inch) (% of label)
Length 159.75 160.13 160.00 101.5
Width 39.50 39.50 39.50 100.3
Thickness 2.80 2.28 2.51 127.4
Mass per area (Ib/ft%) 1.18
Density at recovered thickness (Ib/ft%) 1.64
Density at nominal thickness (Ib/ft’) 7.19
Mass per area (kg/m?) 5.75
Density at recovered thickness (kg/ms3) 90.35
Density at nominal thickness (kg/m3) 115.11
M 4/14/2014
Reviewed By: Date:
Page 4 of 20

Report No. RD14190
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Fax: 931-525-3896

Hot Surface Performance of High-Temperature
Thermal Insulation

Test Number: RD141635HS Date of Manufacture: Unknown

Specimen Number: 1211140116-9 Date of Test: April 2-6, 2014

Description of Test Specimen:  “WM 680 Mineral Fiber Insulation Mat.

Report Prepared For:  Knauf Insulation (Slovenija)

Contact Person: Delfina-Bi Baranda Raobles

Test Methods: ASTM C411, “Standard Test Method for Hot-Surface Performance of
High-Temperature Thermal Insulation”.

ASTM C592. “Standard Specification for Mineral Fiber Blanket-Type
Pipe Insulation (Metal-Mesh Covered) (Industrial Type)”.

ASTM C447, “Standard Practice for Estimating the Maximum Use
Temperature of Thermal Insulations”.

Description of Test

ASTM C 411 tests the performance of a thermal insulation intended for high
temperature applications when the insulation is in continuous contact with a hot surface
at a controlled temperature for a period of 96 hours. Visible signs of flaming, glowing,
smoldering, or smoking results in termination of the test. The electrical power to the
heater is turned off at the end of 96 hours and the test specimen was allowed to cool to
room temperature. After cooling the test specimen was removed from the hot plate for
evaluation.

The plate has a heated surface of 610 by 610 mm (24 by 24 inches). The temperature of
the plate is recorded in four locations. The temperature of the specimen was measured at
25 mm increments measured from the hot surface through the entire thickness of the test
specimen to the surface exposed to the room. The plate was heated to 649°C using a
sacrificial piece of insulation. Once the plate was heated to the test temperature, the
sacrificial piece of insulation was removed from the plate and four layers of the
specimen were placed on the test apparatus and held at a constant temperature for 96
hours.
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R&D P.O. Box 2400
. Cookeville, Tennessee 38502-2400
Services Phone: 931-372-8871

Fax: 931-525-3896

Conditions and Observations

1. The product was identified as “WM 680 Mineral Fiber Insulation Mat. The
material was supplied by Knauf Insulation in Novi Marof, Croatia.

2. The specimen was cut into four 24 by 24 inch pieces and placed on the plate after the
plate was heated to the test temperature.

3. The test temperature was 649 +/- 15 °C. The average plate temperature during the
test was 649.6 °C.

4.  There was no warpage observed after the 96 hour exposure.

5. There was no flexibility change observed.

6.  No cracking or delamination was observed.

7. There was no evidence of flaming, glowing, smoldering or melting during the 96
hour test. There was no evidence of melting or fiber degradation.

8.  No smoking was observed during the test.

9. Discoloration was observed in each layer.

10. There was no exothermic reaction observed during the test.

11. Figure 1is a photograph of layer 1 prior to testing and Figure 2 is a photograph of
layer 1 after testing. Figure 3 is a photograph of layer 2 prior to testing and Figure 4
is a photograph of layer 2 after testing. Figure 5 is a photograph of layer 3 prior to
testing and Figure 6 is a photograph of layer 3 after testing. Figure 7 is a photograph
of layer 4 prior to testing and Figure 8 is a photograph of layer 4 after testing. Figure
9 is the temperature profile for the first 4 hours of the test. Figure 10 is the
temperature profile for the duration of the test.

12. Table 1 contains physical characteristics before testing. Table 2 contains the mass
change of the material after testing. Table 3 contains temperature and exothermic
reaction data of the test specimen during testing.

Conclusion

The “WM 680 mineral fiber insulation mat manufactured by Knauf Insulation in Novi
Marof, Croatia meets the requirements of ASTM C592-13, “Standard Specification for
Mineral Fiber Blanket-Type Pipe Insulation (Metal-Mesh Covered) (Industrial Type)”” when
tested according to ASTM C411-11, “Standard Test Method for Hot-Surface Performance of
High-Temperature Thermal Insulation” and ASTM C447-10 “Standard Practice for
Estimating the Maximum Use Temperature of Thermal Insulations™ at a surface temperature
of 649°C for a Type |11 product.
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Length Width Thickness Mass Density
(mm) (mm) (mm) (9) (kg/m”)
Layer 1 (exposed to plate) 628.7 609.6 65.0 2115.7 84.9
Layer 2 603.3 623.8 64.0 2118.3 87.9
Layer 3 622.3 616.0 66.0 2155.9 85.2
Layer 4 (exposed to room) 610.9 609.6 66.0 2094.6 85.2
Table 1 — Dimensions and Mass Before Testing
Mass
Mass (9) Loss (%)
Layer 1 (exposed to plate) 2067.5 2.3
Layer 2 2089.8 1.3
Layer 3 2125.2 1.4
Layer 4 (exposed to room) 2084.7 0.5
Table 2 — Mass Change After Testing
Distance of Temperature Maximum Maximum Exotherm Dwell
Measurement From Hot Temperature Temperature Temperature
Surface (mm) (°C) (°C) (°C)
25 627.7 -23.2 622.0
50 586.2 -64.5 579.2
75 558.4 -92.3 504.0
100 513.0 -137.7 504.0
125 468.5 -182.3 459.0
150 404.9 -246.0 388.2
175 339.2 -311.7 320.0
Surface 61.6 -589.0 53.9

Table 3 — Exothermic Temperature Data
Note- No exothermic reaction was recorded. The exotherm is the maximum temperature

difference between the plate temperature and the measurement location when the

measurement location exceeds the plate temperature. A negative number indicates no

exotherm was observed.
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R&D P.O. Box 2400
. Cookeville, Tennessee 38502-2400
Services Phone: 931-372-8871

Fax: 931-525-3896

Figure 1. Layer 1 Before Testing

Figure 2. Layer 1 After Testing
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R&D P.O. Box 2400
. Cookeville, Tennessee 38502-2400
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Fax: 931-525-3896

Figure 3. Layer 2 Before Testing

Figure 4. Layer 2 After Testing
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R&D P.O. Box 2400
. Cookeville, Tennessee 38502-2400
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Fax: 931-525-3896

Figure 5. Layer 3 Before Testing

Figure 6. Layer 3 After Testing
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Figure 7. Layer 4 Before Testing

Figure 8. Layer 4 After Testing
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ASTM C411 Hot Surface Performance
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Figure 9- Temperature Profile for the First 4 Hours of Testing
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Figure 10- Temperature Profile for the Duration of Testing
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Cookeville, Tennessee 38502-2400

Services Phone: 931-372-8871
Fax: 931-525-3896

Linear Shrinkage of Thermal Insulation Report

Test Number: RD141410LS Date of Test: February 24-25, 2014

Specimen Number; 1211140116-7,9 Date of Manufacture: Unknown

Report Prepared For:_ Knauf Insulation (Slovenija)/ Delfina-Bi Baranda Robles

Background

The linear shrinkage of mineral fiber insulation due to exposure to short-term high temperature has
been determined in accordance with ASTM C592-13, “Standard Specification for Mineral Fiber
Blanket Insulation and Blanket-Type Pipe Insulation (Metal-Mesh Covered) (Industrial Type)”
Section 11.9 and ASTM C356, “Standard Test Method for Linear Shrinkage of Preformed High-
Temperature Thermal Insulation Subjected to Soaking Heat”. The specimens are conditioned and
exposed to high temperature conditions for 24 hours. The average linear shrinkage of four specimens
is measured and used to calculate the linear shrinkage percent of the samples expressed as a
percentage of the length measured before exposure.

Description of Test Specimens

The material used in this test was “WM 680” Mineral Fiber Insulation Mat supplied by Knauf
Insulation (Croatia). Four samples approximately 160 by 65 by 62 mm were used. The test was

conducted at 649 °C.

Test Results

Specimen 1 Specimen 2 Specimen 3 Specimen 4

Initial Length (mm) 157.7 157.7 167.3 165.0
Initial Width (mm) 63.7 69.0 69.7 68.3
Initial Thickness (mm) 61.33 61.67 62.67 65.33
Final Length (mm) 156.7 157.0 165.3 164.0
Final Width (mm) 62.0 68.0 68.7 67.0
Final Thickness (mm) 61.33 61.67 62.33 65.33
Change in Length (mm) 1.0 0.7 2.0 1.0

Linear Shrinkage (%0) -0.634 -0.444 -1.195 -0.606

Result:

The average observed linear shrinkage of the test specimens was -0.72 %. This satisfies the
physical requirements in Table 1 of ASTM C592.

M 4/14/2014

Reviewed By: ~ Date:
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Cookeville, Tennessee 38502-2400

Services Phone: 931-372-8871
Fax: 931-525-3896

Water VVapor Sorption Test Report

Test Number: RD141412WV Date of Test: January 30 — February 3, 2014

Specimen Number; 1211140116-7,9 Date of Manufacture: Unknown

Description of Test Specimen: “WM 680” Mineral Fiber Insulation Mat.

Report Prepared For: Knauf Insulation (Slovenija)/ Delfina-Bi Baranda Robles

Test Method: ASTM C592-13, “Standard Specification for Mineral Fiber Blanket Insulation and
Blanket-Type Pipe Insulation (Metal-Mesh Covered) (Industrial Type)” Section 11.8; ASTM C
1104/C 1104M-00 (Reapproved 2006), “Standard Test Method for Determining the Water Vapor
Sorption of Unfaced Mineral Fiber Insulation”.

The procedure used to test blanket, board, or pipe insulation products is contained in Section 8 of
ASTM C 1104/C 1104M-00 (2006). The procedure is carried out for three specimens of the product.
The volume of each test specimen is determined from measurements of the length, width, and
thickness. The dry weight of the test specimens is determined after drying to steady state in a 102 to
121 °C environment. The test specimens are brought to a uniform temperature of 60°C before being
transferred to an environmental chamber maintained at 49 + 2 °C and 95 + 3 % relative humidity.
The test specimens remain in the environmental chamber for 96 + 4 hours. At the end of the 96 hour
exposure the specimens are sealed in a water impermeable bag and allowed to cool before final
weighing. The increase in weight due to the exposure is used to calculate mass % and volume %
water sorption relative to the moisture-free material.

Results:
Specimen: 1 2 3
Volume (cm?): 1563.71 1574.57 1626.40
Moisture-free Mass (g): 138.04 140.35 134.79
Mass after test (g): 138.06 140.47 134.82
Mass % sorbed: 0.014 0.086 0.022
Volume % sorbed: 0.001 0.008 0.002
Average Mass % sorbed: 0.041
Average Volume % sorbed: 0.004

The average observed mass % sorbed of the test specimens was 0.041 %. This satisfies the
physical requirements in Table 1 of ASTM C592.

M 4/14/2014

Reviewed By: Date:
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Cookeville, Tennessee 38502-2400

Services Phone: 931-372-8871
Fax: 931-525-3896

Odor Emission Test Report

Test Number: RD1414110E Date of Test: January 31, 2014

Specimen Number: 1211140116-7,9 Date of Manufacture:_ Unknown

Description of Test Specimen: “WM 680" Mineral Fiber Insulation Mat.

Test Method: ASTM C592-13. “Standard Specification for Mineral Fiber Blanket Insulation and
Blanket-Type Pipe Insulation (Metal-Mesh Covered) (Industrial Type)” Section 11.6; ASTM C
1304-08 (Reapproved 2013) “Test Method for Assessing the Odor Emission of Thermal
Insulation Materials”.

Report Prepared For:_Knauf Insulation (Slovenija)/ Delfina-Bi Baranda Robles

Judge 1 2 3 4 5

Odor (Yes/No) No Yes Yes No No

Odor
(Objectionable/Pleasant/ Otherwise | Otherwise
Otherwise)

Odor (Weak/Strong) Weak Weak

Pass / Fail

Pass

M 4/14/2014

Reviewed By: Date:
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Fax: 931-525-3896

Apparent Thermal Conductivity of “WM 680” Mineral Fiber Mat

Insulation Manufactured by Knauf Insulation — Croatia

Thermal Conductivity was Determined According to ASTM C177

Three rolls of nominal 4000 by 1000 by 50 mm “WM 680 mineral fiber mat insulation were
received by R&D Services, Inc. on January 16, 2014. The material was manufactured by
Knauf Insulation in Novi Marof, Croatia.

Two pieces of each product were sampled from one of the rolls received by R&D Services,
Inc. to be measured for thermal conductivity. Two nominal 305 by 305 by 50 mm, specimens

were prepared.

Apparent thermal conductivity measurements were performed according to ASTM C177-10,
utilizing a Holometrix Model TCFGM guarded hot-plate instrument. The specimen was

measured at nine mean temperatures from -4 - 372 °C. A summary of the results is shown in
Table 1. A graphical summary of results is shown in Figure 1.

Table 1: Summary of Results

Test Test Mean Test ,flx_%parenlt Thermal
Product Thickness Density Temperature ermal Resistance
(mm) (kg/m?) °C) Conductivity (M2-KIW)
(W/m-K)
-4 0.0332 1.51
25 0.0344 1.45
38 0.0360 1.39
94 0.0434 1.15
WM 680 50.0 116 149 0.0509 0.983
204 0.0572 0.875
260 0.0683 0.733
316 0.0790 0.633
372 0.0944 0.530

The tests contained in this report were subcontracted to NETZSCH Instruments North America, LLC. Results are shown in NETZSCH

Report Number 621003126.
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Figure 1: Graphical Summary of Results
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Cookeville, Tennessee 38502-2400

Services Phone: 931-372-8871
Fax: 931-525-3896

Corrosiveness Test Report

Test Number: RD141403CO Date of Test: January 29- February 28, 2014

Specimen Number: 1211140116-7,9 Date of Manufacture: Unknown

Description of Test Specimen: “WM 680” Mineral Fiber Insulation Mat.

Test Method: ASTM C592-13, “Standard Specification for Mineral Fiber Blanket Insulation and
Blanket-Type Pipe Insulation (Metal-Mesh Covered) (Industrial Type)” Section 11.7; ASTM C 665-
12, Section 13.8, “Standard Specification for Mineral-Fiber Blanket Thermal Insulation for Light
Frame Construction and Manufactured Housing”.

Report Prepared For:_ Knauf Insulation (Slovenija)/ Delfina-Bi Baranda Robles

Procedure

Four each of specially cleaned aluminum, copper, steel plates were individually sandwiched between
two layers of “WM 680” Mineral Fiber Insulation Mat. Four plates of each were also prepared with
sterilized cotton as control specimens.

This report presents the results of tests for corrosiveness conducted on “WM 680 Mineral Fiber
Insulation Mat supplied by Knauf Insulation (Croatia). Testing on the steel coupons was completed
on February 3, 2014. Testing on the aluminum and copper coupons was completed on February 28,
2014.

The prepared specimens were held by woven metal screens and suspended in an environmental
chamber at 49 + 2 °C and 95 + 3 % RH. The steel specimens were allowed to remain in the chamber
for 96 + 2 hours. The aluminum and copper specimens were allowed to remain in the chamber for
720 + 5 hours.

Specimens were removed and post cleaned. The coupons were numbered and a panel of four judges
examined the surfaces of each coupon and ranked them based on their best estimate of corrosiveness.
Upon completion of the judges’ rankings, the arithmetic sum of the rankings for each coupon was
calculated. The sums were then ranked from the lowest total to the highest total. The new rankings
established were totaled for the controls only. If this sum is greater than or equal to 21 for the
controls, then there is no statistical difference between the control and the test plates and the
insulation passes.
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Observations:

R&D
Services

P.O. Box 2400

Cookeville, Tennessee 38502-2400

Number Sum Rank Total
1 35 9 40
— 2 24 6
(O]
o 3 25 75
@ 4 25 75
5 38 10

Number Sum Rank Total
1 22 5 36.5
5 2 28 7
g 3 27 6
3 4 29 85
5 33 10

Number Sum Rank Total
1 36 10 40
E 2 30 75
g 3 26 6
E 4 30 75
< 5 32 9

o

Reviewed By:

L —

Phone: 931-372-8871
Fax: 931-525-3896

The rankings of the control plates did total 21 or greater, therefore there is deemed to be no statistical
difference in the test plates and the controls and the insulation Passes.

The rankings of the control plates did total 21 or greater, therefore there is deemed to be no statistical
difference in the test coupons and the controls and the insulation Passes.

The rankings of the control plates did total 21 or greater, therefore there is deemed to be no statistical
difference in the test coupons and the controls and the insulation Passes.

4/14/2014

Date:
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R&D P.O. Box 2400
. Cookeville, Tennessee 38502-2400
Services Phone: 931-372-8871

Fax: 931-525-3896

Non-Fibrous Content Test Report

Test Number: RD141497NF Date of Test: February 21, 2014
Specimen Number; 1211140116-7,9 Date of Manufacture: Unknown
Description of Test Specimen: “WM 680” Mineral Fiber Pipe Insulation

Test Method: ASTM C592-13, “Standard Specification for Mineral Fiber Blanket Insulation and
Blanket-Type Pipe Insulation (Metal-Mesh Covered) (Industrial Type)”, Section
11.3; ASTM C1335-12, “Standard Test Method for Measuring Non-Fibrous Content
of Man-Made Rock and Slag Mineral Fiber Insulation”.

Report Prepared For: ~ Knauf Insulation (Slovenija) / Delfina-Bi Baranda Robles

Background

This test procedure determines the non-fibrous content (shot) of man-made rock and slag mineral
fiber insulation. The procedure involves a dry sieve analysis method to distinguish between fiberized
and non-fiberized (shot) portions of a specimen of man-made rock and slag mineral fiber insulation.

Three 10 gram specimens are prepared. Test specimens are conditioned at high temperature for 15
minutes and allowed to cool to room temperature. The specimens are placed into a nest of three
sieves and shaken for 20 minutes using a Tyler model RX-24 portable sieve shaker. The non-fibrous
(shot) content remaining in each sieve is weighed. The percentage of non-fibrous content is calculated
using the equation in Section 8 of ASTM C1335.

Test Results

Conditioning Temperature: 593 °C

Type of Sieves Used: Number 20, 50 and 100; brass
Specimen 1 | Specimen 2 | Specimen 3

Initial Mass of Specimen (g) 10.0781 10.4551 10.3800
Mass of Specimen After Conditioning (g) 9.9764 10.3476 10.2717
Mass of Non-Fibrous Material in No. 20 Sieve (g) 0.0096 0.0202 0.0171
Mass of Non-Fibrous Material in No. 50 Sieve () 0.1447 0.1380 0.1477
Mass of Non-Fibrous Material in No. 100 Sieve (g) 0.8680 0.8308 0.9237
Total Mass of Non-Fibrous Material (g) 1.0223 0.9890 1.0885
Non-Fibrous Content (%0) 10.3 9.6 10.6

Result:

The average observed non-fibrous content of the test specimens was 10.1 %. This satisfies the
physical requirements of Section 7.5 in ASTM C592.

M 4/14/2014

[

Reviewed By: Date:
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