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Although ORNL has a policy of reporting its work in S| metric units, this report

EDITOR’'S NOTE

uses English units. The justification is that the insulation industry at present
operates completely with English units, and reporting otherwise would lose
meaning to the intended readership. To assist the reader in obtaining Si
equivalents, these are listed below for the units occurring in this report.

Property Unit Used St Equivalent
Dimension in. 25.4 mm
Dimension ft 0.3048 m
Density lb/ft? 16.02 kg/m®
Power Btu/h 0.2929 W
Thermal conductivity Btu-in./h-ft*-°F 0.1441 W/m-K
Thermal resistance h-ft*°F/Btu 0.1762 K-m>*/Ww

Temperature

Temperature difference

°F

ol:‘

°C = (5/9)(°F-32)
°C = (5/9)°F

vii







ABSTRACT

The current report describes the results obtained from 13 participating
{aboratories in an interfaboratory comparison on a procedure to estimate the iong-term
thermal resistance of unfaced, rigid, closed-cell polyisocyanurate foam insulation. The
procedure used ASTM Test Method C 518 for periodic determinations of the thermal
resistance of specimens of reduced thickness for a period of 200 days to observe the
effects of aging. The set of thermal resistance results for specimens aged under
controlled laboratory conditions was used in a computer program to predict the
lifetime thermal resistivity (R/inch) of the foam product under actual use conditions .

The specimens were prepared from the center of a full-thickness section in order
to have a cell gas content that is representative of the section at the time of
manufacture. The material for this interlaboratory comparison was a 2-inch thick
polyisocyanurate boardstock blown with hydrochlorofluorocarbon 141b and CO, (for
convenience, in the text this combination Of gases is designated HCFC-141b). Five
thermal resistance specimens were prepared for each participant: a full thickness
specimen, 1.3 inches thick, and four thin specimens, 0.3 inches thick. Each thermal
resistance test was done at a mean temperature of 75 + 4°F on specimens conditioned
at 75 + 4°F and 50 + 5 percent relative humidity before and during the test sequence.
Ten data points spanning an aging period of 200 days were obtained for the thick |
specimen and for the stack of four thin specimens.

The nonlinear increase in k with time/tthickness)’ can be described by two linear
regions if one plots the natural logarithm of k versus (time)**/thickness. The data are
fitted using a least squares method to a straight line for region 1 and region 2. This
procedure assumes the thermal conductivity (k) can be described by an exponential
dependence on diffusion coefficient (D), time (£} and thickness (h).

Y =A+ BZ @)
In kK = Ink, + ©OV"*¥h V)

where K, is the initial thermal conductivity, A s In Kk, YisInk, Z is t*¥/h, and B is D"*. The
fitted equations for region 1 and region 2 are used to estimate k for a foam of a specific
thickness at various times and the time-averaged lifetime thermal resistivity (1/k). For
the Set 1 boards (test boards prepared on November 29, 1993) seven data sets had one
standard deviation of 1.1% for 10-year lifetimes and 1.3% for 20-year lifetimes for the
ratio of predicted lifetime R/inch value to initial R/inch value for 1.5-inch thickness. For
Set 2 boards (test boards prepared on January 3, 1994 that showed significant ageing
Wwas occurring in the specimens prepared after November 29, 1993} the corresponding
standard deviations for eight data sets were much greater (6.0% for 10 years and 6.6%
for 20 years) due to the variation in initial R/inch values. These two data sets show that
all test specimens of reduced thickness should be prepared at the same time in order to
limit uncertainty in predictions.

The results of this study provide a precision and bias statement that is needed
for the as-tested procedure and for an ASTM C16 standard on estimating aging effects

- on k.



INTRODUCTION

in April of 1993, an extension to Cooperative Research and Development
Agreement (CRADA) ORNL 90-0028 was signed between the Society of Plastics Industry
{SP))-Polyurethane Division, the Polyisocyanurate Insulation Manufacturers Association
(PIMAI}, and the Oak Ridge National Laboratory (ORNL). This CRADA extension has three
tasks: :

Task 1: Continue laboratory/field conditioning and testing of closed-cell
polyisocyanurate foams blown with CFC-11 and HCFC-141b for one more
year;

Task 2: Prepare a procedure for the laboratory determination of the long-term
thermal resistance of polyisocyanurate closed-cell foams; and

Task 3: Develop a procedure for faced polyisocyanurate foams.

Task 1 developed from a cooperative industry/government program to
determine the thermal performance of polyisocyanurate roof insulation foam boards
blown with HCFC-141b and CFC-11. Apparent thermal conductivity (K} measurements .
were continued using the ORNL Unguarded Thin Heater Apparatus (UTHA) (1) on
specimens exposed in the field in the ORNL Roof Thermal Research Apparatus (RTRA). In
addition, Task 1 included continuing to make k-measurements using the ORNL UTHA and
the ORNL Heat Flow Meter Apparatus (HFMA) (2) on specimens of three thicknesses sliced
from the original boardstock and aged in the laboratory at 75°F and 150°F, Test results
on this program, before the present CRADA extension was initiated, are reported in
references 3, 4 and 5, and these ORNL reports list a large number of publications in the
open literature. These test results showed two linear regions of logarithm of k with the
quantity (diffusion coefficient x time)"*/thickness. This vielded effective diffusion
coefficients for air into the foams and for blowing agent out of the foams. This thermal
data could be expressed in terms of scaled time (time"%/thickness) to provide estimates
of the thermal resistance or time-averaged thermal resistance for full thickness boards.

The latter observation and the development of a new ASTM standard, (6),
(Standard Test Method for Estimating the Long-Term Change in the Thermal Resistance
of Unfaced Rigid Closed Cell Plastic Foams by Slicing and Scaling Under Controlled
Laboratory Conditions), led to Task 2 of the present CRADA extension. This current
report describes the results of an interlaboratory comparison on a procedure to
estimate this long-term change. Appendix A contains a summary of the PIMA Standard
that was drafted as part of Task 2. Appendix B contains the details of a PIMA Standard
for Describing R(time).

Task 3 of the current CRADA extension, which is a study of faced polyisocyanurate
foams, wili be the subject of a future report.

Closed-cell plastic foams have a thermal performance- that changes with time.
Over a relatively long time period (years), air components diffuse into the closed cells
whiie the blowing agent that was captured in the cells during production diffuses out. -
These processes change the concentrations of the various gas species, which in turn _
change the thermal properties of the gas contained within the cells, and therefore the
thermal performance of the plastic foam. The resuits of the previous CRADA (3-5) and
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the development of the ASTM standard test method (6 vielded a procedure that would
accelerate the change in the thermal resistance of the closed cell plastic foams due to
changes in the celi gas concentrations. The accelerated procedure is based on the
assumption that a thin-slice removed from the core of the foam board will age at a rate
that is proportional to the square of the ratio of the thickness of the product to that of
the thin slice. For example, the thermal resistance of a 2-inch thick board after sixteen
years izs equal to the thermal resistance of a 0.5-inch thick specimen after 1 vear

[(2/0.5)° = 16l.

This accelerated procedure can be an extremely useful tool to the building
community. Material producers have faced a major formulation change Iin their product
lines due to the ban in the production of CFCs and will be facing further changes with
the upcoming elimination of HCFC substitutes that were being used to replace CFCs. The
short time period given to industry to comply to the ban does not give them the tuxury
to develop data that requires long-term tests to aliow them to introduce and support
their products to an accepting marketplace. Similarly, users of these products require
long-term thermal performance data on closed-cell plastic foams to make informed
design recommendations and purchasing decisions. This accelerated test procedure
produces a prediction of the long-term thermal performance of a closed cell plastic
foam. ASTM requires, and industry needs, a precision and bias statement to address the
accuracy of this procedure. The test results from ORNL that were produced during the
earlier CRADA showed field and laboratory data that agreed on the long-term
performance of both CFC- and HCFC-blown products. This showed the procedure does
have the ability to predict the long-term thermal performance with acceptable
accuracy. Task 2 of the current CRADA provides test results from an extensive
interlaboratory comparison as the means to address the accuracy of the prediction and
to obtain the required precision and bias statement for the procedure. '



EQUIPMENT

Thirteen laboratories, listed in Table 1, participated in this interlaboratory
comparison of the procedure to estimate the long-term thermal performance of
polyisocyanurate (PIR) foam insulation. Three different sizes (12, 18, and 24 inch-square
specimen openings) of Heat Flow Meter Apparatuses (HFMAS) were used. Each of these
HFMAs is capable of measuring k in accordance with the ASTM C 518 Test Method (2). The
characteristics of these HFMAs are listed in Table 2. The ORNL HFMA, which is the
baseline apparatus for the previous CRADA Is described elsewhere (7). For the current
CRADA, ORNL used two HFMAs produced by LaserComp. The LaserComp Fox 300 can
accommodate a 12 x 12 inch sgquare specimen and has a 3 x 3 inch heat flux transducer
(HFT) in each of Its constant temperature plates. The LaserComp Fox 600 can
accommodate a 24 x 24 inch square specimen and has an array of 16 HFTs, each 4 x 4
inches, in each of its constant temperature plates.

Table 1. Laboratories participating in the interlaboratory comparison of the procedure
to estimate the long-term thermal performance of PIR foam insulation.

Participant

Allied Signal, Inc.

Atlas Roofing Corporation

BASF Corporation

Center for Applied Engineering

Dow Chemical Co.

Firestone Buiiding Products

Holometrix, Inc.

- ICI Polyurethanes

LaserComp, Inc.

Miles, inc.

NRG Barriers, Inc.

National Institute of standards and
Technology

Oak Ridge National Laboratory
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Table 2. Characteristics of HFMAS used in the interlaboratory comparison of the

procedure to estimate the long-term performance of PIR foam insulation.

PART. APPARATUS SIZE, inches HFT SIZE, CAL. STD.
inches
A Dynatech R/D, K-matic 12X12 4x4 Fiberglass
B Holometrix,Inc., K-matic 12 %12 4x4 SRM 1450b
C Holometrix,Inc., K-matié 12x12 4x4a SRM 1450b
D Holometrix,Inc., Rapid-K 12 %12 ax4 SRM 1450b
E Holometrix,Inc., Rapid-k | 12x12 4x4 Fiberglass
F Holometrix,inc., Rapid-k | 12 x 12 4x4 SRM 1450b
G Holometrix,inc., Rapid-k | 12x12 4x4 SRM 1450b
H Holometrix,Inc., K-matic 12X%X12 a4x4 SRM 1450b
I LaserComp, Fox 300 ' 12x12 3Xx3 SRM 1450b
J Holometrix,Inc., K-matic | 12x12 4x4 SRM 1449
SRM 1450b
K Sparrel Engr., TC-100 18 x18 6X6 Fiberglass
L Holometrix,inc., Rapid-k | 12x12 6x6 SRM 1450b
M-1 | LaserComp, Fox 300 12X12 3Xx3 SRM 1450b
Mm-2 LaserComp, Fox 300 12 x12 3X3 SRM 145db
M-3 LaserComp, Fox 600 24X 24 16:4 x 4 array | SRM 1450b

Five participants operate K-matic HFMAs produced by Dynatech R/D or Holometrix,
Inc. having 12 x 12 inch square specimen openings and 4 x 4 inch square HFTs in only

one bounding surface. Five participants operate Rapid-k HFMAs produced by

Holometrix, Inc. having 12 X 12 inch square specimen openings and 4 x 4 inch square or 6
X 6 inch square HFTs in only one bounding surface, One participant, other than ORNL, .
used a LaserComp Fox 300 HFMA having a 12 X 12 inch specimen opening and a 3 X 3 inch
HFT in each of its constant temperature plates. One participant used a TC-100 HFMA
produced by Sparrel Engineering having a 18 x 18 inch specimen opening and a6 x 6

inch HFT. ORNL used Fox 300 (3 x 3 inch HFTS) and Fox 600 4 x 4 array) HFMAS.

A HFMA that operates in accordance to ASTM C 518 (2) establishes a steady-state,
unidirectional heat flow through a test specimen placed between two parallel plates at -
constant, but different temperatures. Normally, heat flux transducers (HFT) are
mounted in one or both of the two plates and are calibrated using standards in
accordance with ASTM C 1132 (8) by the equation




S = k{Tth - T(c)) 3)
Vi

where §S is the HFT sensntnntv in Btu/h-ft3-v, k is the apparent thermal conductivity of
the standard in (Btu-in/h-ft>°F), Tth) and T(© are the temperatures of the two plates in
°F, L is the thickness of the standard in inches, and V is the output of the HFT in V. Each
of the participants used calibration standards of elther fiberglass (SRM 1450b) or fumed
silica (SRM 1449).

The quantities measured during a routine test of a specimen with an unknown k are
the same as those measured during a calibration. The k of the unknown Is computed
from

k = _(SWL @
(Th-T©)

For Eq. 4 to be valid strictly, the test specimen must be homogeneous, as is required
by ASTM C 518. In performing part of the mterlaboratorv comparison, however, it was
necessary to place some of the specimens in a "picture frame" constructed from high
density. fiberglass insulation. This type of composite specimen was used at ORNL on the
18 X 18 inch square specimens similar to those tested by Participant K. This type of
composite specimen reduces extraneous heat losses from the edges of the specimens.
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SPECIMENS

Test specimens for this interlaboratory comparison were produced from
polyisocyanurate boardstock that was produced by Atlas Roofing Corporation at their
plant in East Moline, illinois on November 1, 1993. The experimental, non-commercial
laminate boardstock was blown with hydrochlorfluorocarbon-141B and CO,. (For
convenience in this report—text, figures, and tables—this combination of blowing gases
is designated HCFC-141b.) This boardstock had a GAF black felt facer and the as-
manufactured thickness was nominally 2 inches. The boardstock arrived at ORNL on
November 19, 1993 and two sets of test specimens were planed or sliced from this
boardstock at ORNL. Each set included five slices: one thick board, nominally 1.3-inches
thick, and four thin boards, each nominally 0.3-inches thick. Set 1 was produced on
November 29, 1993 and Set 2 was produced on January 3, 1994. The specimen size was
either 12 x 12-inches square or 18 X 18-inches square. The 12 X 12-inch test specimens
were sliced from the boardstock and the 18 x 18-inch test specimens were planed from
the boardstock. Material was planned from each face, so each of the 1.3- and 0.3-inch
thick test specimens contained the boardstock centerline. Annex E contains a discussion
of test specimen preparation procedures.

Before the sets of test specimens were distributed by ORNL to the participants,
measurements were made at ORNL of thicknesses, weights, and apparent thermal
conductivities of the test specimens. The thickness for the thick boards and the stack of
four thin specimens was determined in the ORNL HFMAs. This provided each participant
with a starting test thickness. The weights of the thick specimens were measured to
0.01 grams using an electronic laboratory balance. The apparent thermal conductivity
of each of the thick test specimens was determined before the two sets of test
specimens were shipped to the participants. Table 3 indicates the participants that
received Set 1 (time = O is November 29, 1993) and Set 2 (time = 0 is January 3, 1994).

Table 3. Participants that received Set 1 and Set 2 of the test specimens for the
intertaboratory comparison.*

Set 1: Time = 0 is November 29, 1993, set 2: Time = 0 is January 3, 1994,

Shipped by ORNL on December 3, 1993. Shipped by ORNL on January 5, 1994.

ICl, DOW, Firestone, Allied, Atlas, Miles, NRG, NIST, CAE, BASF, LaserComp,
Holometrix, and ORNL-1. ORNL-2, and ORNL-3. '

*Test results were received at ORNL in August and September 1994,

Table 4 contains the first measured apparent thermal conductivity test

-result obtained by ORNL and the first measured k-value obtained by the participants on

their thick board. The average of the ORNL test results was 0.1387 Btu-in/h-ft>°F. The
ORNL k-values ranged from 0.1324 to 0.1545 Btu-in./h-ft-°F, or more than 16%. This was

_ asurprisingly large spread in values. The percent differences in these data are given in -

Table 4. The values for the individual boards agree to better than 3.3% and the average
of the percent differences was 1.1%. Since these Individual thick test specimens are
aging with time { is increasing with time), and since the measurements of k at ORNL
were performed before the measurements by the participants, it is especially
noteworthy that the k results from ORNL are lower than the k-results by the participants
in 9 of 11 cases.
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Table 4. The first measured apparent thermal conductivity test results obtained on the
thick boards by ORNL and the first measured apparent thermal conductivity
test results by the participants.

set.Board Numbers First Measured First Measured Percent
Thick/Thin k-vValue on K-Value on Thick Differ, %
Thick Board by Board by ORNL
Participant Btu-in./h-ft*°F)
(Btu-in./h-ft>-°F) ,
A. 3/18,19,20, 21 0.1360 0.1332 : +2.1
B. 1/10,11,12,13 0.1382 0.1338 +3.3
C. 49/75,76,77,78 0.1370 0.1355 +1.1
D. 47 /67, 68, 69, 70 0.1470 0.1452 +1.9
E. 6 /30, 31,32, 33 0.1370 0.1328 +3.2
F. 5/26,27,28, 29 01336 01327 +0.7
G. 2/14,15,16, 17 0.1338 01332 | +0.5
H. 4/22,23,24,25 0.1360 0.1324 +2.7
I. 45/56, 58, 59, 61 0.1421 01393 +2.0
J. 48/71,72,73,74 | 01370 0.1406 -2.5
K. 83 /87, 88, 91, 92 0.1560 not measured
L. 46/ 63, 64, 65, 66 0.1496 0.1545 3.2
M-1. 7 /34, 35, 36, 37 01317 0.1317
M-2. 50/55, 57, 60, 80 0.1455 0.1455.
M-3. 82/85, 86,“39, 99_ E:_'LSEQ 0.1389
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PROCEDURE

Each participant received a copy of the PROCEDURE FOR INTERLABORATORY
COMPARISON (which is.given in Appendix C of the current report), the five pieces of
sliced PIR foam, and a program diskette for recording and anhalyzing their data. The
PROCEDURE contains 15 statements, including specimen descriptions, data to be
provided by ORNL, request for HFMA calibration, suggested data on each specimen to be
obtained by the participant, stacking and testing times for the test specimens,
reporting procedures, and data analysis examples. These instructions asked the
participants to perform twenty apparent thermal conductivity measurements on the
specimen sets as they aged from 2 to 200 days at 75°F. Doing this would provide 10
data points on the thick specimens and 10 data points on the stack of four thin
specimens. The participants were asked to complete their testing in July 1994 and to
provide their data sets to ORNL in August and September 1994. Most of the participants
did so.

RESULTS

The K measurements obtained in the laboratory intercomparison are listed by .
participant in the tables contained in Appendix D. Data analysis was performed at ORNL
on the data obtained by each participant in the following manner:

Step 1. The individual data sets were entered in a LOTUS 1-2-3 spreadsheet, which
yvielded each multicolumn tabie given in Appendix D. Properties calculated on
this data sheet included the "X" variable which is the scaled time-thickness
variable of (time)"/thickness in the units of (days)”inch and the "y* variable
which is In 100-k with Kk in the units of Btu-in./th-ft*°F).

steg 2. The individual data sets were sorted in ascending order of the "X" variable
which is (time}"? / thickness.

Step 3. The individual data sets were plotted as "Y" versus "X", or "In 100-kK" versus
"days"” / inch". Doing so resulted in a “two-region” graph with Region 1 being
the initial low K, high slope region and Region 2 being the high k, low slope
region. Figures 4, 2, 3, and 4 are examples of these plots and these are
discussed below. Appendix D contains similar plots for each individual data
set.

Step 4. The individual data points in Region 1 and the individual data points in Region
2 were identified. This process often vielded one or two data points that were
in the transition range and such data points were not included in the analyses.

Step 5. The Region 1 and Region 2 data were fitted by means of a least squares
method to the following functions:

Region 1: In 100k = A, + B, (days)"” / inch (5)
Region 2: In 100k = A, + B, (days)" / inch (6

‘Appendix D contains graphs for data from each participant and the two regions are
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readily seen in each graph. The results of the fitting by means of a least squares
method are on each graph.

step 6.  For each data set, the constants (A, and A,} and slopes (B, and B, for
Region 1 and Region 2 were used to calculate the average k for 10 years
with 1.5 and 2.0 inches for the product thickness and 20 years with 1.5 and 2.0
inches for the product thickness. This calculation vielded the predicted
lifetime Rfinch values.

Step 7.  For each data set the Region 1 constant, A,, was used to calculate the
predicted initial k value:

= in 100k, ‘ )
where K, is the initial predicted k-value.

As an example of this data analysis, Figure 1 shows the results obtained by ORNL on
Board 7 (thick), and Boards 34, 35, 36 and 37 (stacked, thin). These boards were part of
the Set 1 boards

Region 1 contains 17 individual data points and Region 2 contains 12 individual data
points. One data point is in the transition range. Figure 2 shows the resuits obtained by
ORNL on Board 50 (thick), and Boards 55, 57, 60 and 80 (stacked, thin). These boards were
part of the Set 2 boards. Region 1 contalns 17 individual data DOH‘ItS and Region 2
contains 10 individual data points, Two data points are in the transition range. The
results given in these two flgU!’GS show the two regions represented by Region 1 and
Reglon 2.

The fitting procedure vielded the values for A and B for Region 1 and Reglon 2 givenin
Table 5.

Table 5. Values for constants and slopes for Region 1 and Reglon 2 for ORNL data on
boards from Set 1 and Set 2.

Constants Slopes for Constants Slopes for

for Set 1+ Set1* for Set 2** set 2**
Region 1 2.5422 ' 0.03000 2.6545 0.02203
Region 2 2.8717 0.062885 2.9227 0.001759

* set 1 boards were 7, 34, 35, 36 and 37
**Set 2 boards were 50, 55, 57, 60 and 80
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comparisons of these two figures and the resuiting data fits show the following:

First, for Set 1 boards the constant is lower for Region 1 than for Region 2 and the
slope for Region 1 is about 10 times greater than the slope for Region 2. Second, for
the Set 2 boards a similar comparison can be made for the constants of Region 1 and
region 2 and for the slopes of Region 1 and Region 2. The lower constants for Region 1
are associated with the lower initial thermal conductivity values. The higher slopes for
Region 1 are associated with a greater diffusion coefficient for air-components than for
the blowing agent (HCFC-141b). As expected an overlay of Figure 1 and Figure 2 shows
the same effect that the data fits show. One very noteworthy effect that can be
observed is that the constant for Region 1 for Set 1 is lower than the constant for
Region 1 for Set 2. This is interpreted to mean that the boardstock aged after Set 1 was
produced and before Set 2 was produced. If the boardstock had not aged during this
period, November 29, 19932 to January 3, 1994, one would have expected the Region 1
constants and slopes for Set 1 and Set 2 to have agreed.

Figure 3 shows the results obtained by participant A on Set 1 boards 3, 18, 19, 20, and
21. Figure 4 shows the results obtained by participant | on Set 2 boards 45, 56, 58, 59,
and 61. These two figures and the resulting constants and slopes given in Table 6 for
the data fits show that the individual participants observed differences in Set 1 and Set
2 boards that were very similar to the observations made from the ORNL data sets.

Table 6. Values for constants and slopes for Region 1 and Region 2 for data on boards
from Set 1 and Set 2 boards from two participants.

Constants Slopes for Constants Slopes for

for Set 1* Set 1* for Set 2** Set2**
Region 1 2.5243 0.03136 2.5941 0.02573
Region 2 2.8905 0.001825 2.9187 0.001890

* Set 1 boards were 3, 18, 19, 20 and 21 tested by participant A.
**Set 2 boards were 45, 56, 58, 59 and 61 tested by participant I.

Tables 7 and 8 contain the results of fitting the individual data sets with a least

“squares method as described in Step 5. The constants and slopes given in Tables 5 and 6
are repeated in Tables 7 and 8. In addition Table 7 (Region 1) includes, the r*-value for
the individual fits for Region 1; the constants and slopes for a total fit on 15 data sets
using 189 data points; and a total fit on 7 data sets that represent Set 1 boards only
using 83 points. Table 8 (Region 2) includes similar guantities, i.e., the r-value for the
individual fits for Region 2; the constants and slopes for a total fit on 15 data sets using
115 data points; and a total fit on 7 data sets that represent Set 1 boards only using 55
points.
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Table 7. Constants, Slopes, and r’-values for fitting Region 1 data by means of a least

squares method.

(Set 1, 83 Points)_

Set. Board Numbers: Thick/Thin Region 1 Region 1 Region 1
' Constant A Slope B rz-VaI_ue

A. 3/18,19, 20, 21 2.5243 0.03136 0.98

B. 1/10,11,12,13 2.5407 0.02984 r0.99

C. 49/75,76,77,78 25626 0.02751 0.90

D. 47 / 67, 68, 68, 70 2.6349 0.02104 0.90

E. 6/30, 31, 32,33 2.5333 0.02908 0.96

F. 5/26, 27,28, 29 2.5311 0.03065 0.97

G. 2/14,15,16, 17 2.5481 0.02813 0.96.

H. 4/22, 23,24, 25 2.5311 0.03266 0.97

I. 45/586, 58, 59, 61 2.5941 0.02573 0.92

J. 48/71,72,73,74 25947 0.02477 0.88

K. 83 /87,88, 91,92 2.7185 0.01642 | 0.98

L. 46/ 63, 64, 65, 66 2.6689 0.02132 0.98

M-1. ‘7 / 34, 35, 36, 37 2.,5422 0.02999 0.98’

M-2, 50/ 55, 57, 6G, 80 2.6545 0.02203 0.95

M-3. 82/ 85, 86, 89, 80 2.5948 0.02595 0.92

Total Fit on 15 Data Sets 2.59297 0.025471 0.79

(189 Paints)

Total Fit on 7 Data Set_s ' 2.53716 0.030086 0.97

The data analysis for the Reglon 1 data for this interlaboratory comparison shows the
15 individual datasets had r -values above 0.88 that ranged from 0.88 to 0.99, while all 15
data sets (189 data pomtS) had an r-value of 0.79, but a total fit on 7 data sets that were
on Set 1 boards had an ri-value of 0.97. This reduction in r’-value is believed due to the

exclusion of the Set 2 boards from the treated data set and is further indication that
the boardstock was aging before the Set 2 boards were produced.
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Table 8. Constants, Slopes, and r’-values for fitting Region 2 data by means of a least
squares method.

set. Board Numbers: Thick/Thin Region 2 Region 2 Region 2
Constant A Siope B r’value

A. 3/18,19, 20, 21 2.8905 0.001824 0.86

B. 1/10,11, 12,13 2.8906 0.002482 0.96

C. 49/75,76,77,78 2.8318 0.004518 | 092

D. 47 /67,68, 69,70 _ 2.9000 0.001349 0.73

E. 6/30,31, 32, 33 2.8509 0.002529 0.96 ’

F. 5/26,27, 28,29 2.8652 0.002245 0.92

G. 2/14,15,16, 17 '2.9457 0.000906 0.44

H. 4/22, 23,24, 25 2.9038 0.001527 0.91

I. 45/ 56, 58, 59, 61 2.9187 0.001890 0.89

J. 48/71,72,73,74 2.8872 0.001890 0.57

K. 83/87, 88, 91, 92 2.8861 0.001522 0.94

L. 46/ 63, 64, 65, 66 2.8564 0.003337 0.95

M-1. 7 /34, 35, 36, 37 2.8717 0.002885 0.92

M-2. 50/55, 57, 60, 80 ' 2.9227 0.001759 0.88

M-3. 82/ 85, 86, 89, 90 _ | 2.9222 0.001485 0.77

Total Fit on 15 Data Sets A 2.89183 0.002021 0.50

(115 Points)

Total Fit on 7 Data Sets ' 2.88431 0.002087 0.64

(Set 1, 55 Points) 1 _
; ey The data analysis for the Region 2 data for this interlaboratory comparison shows the
2o 15 individual data sets had r>values as low as 0.44 that ranged from 0.44 to 0.96, while all
’ P 15 data sets (115 data points) had an r’value of 0,50, but a total fit on 7 data sets using

55 data points gave Set 1 boards an r’-value of 0.64. The r’-values for Region 2 were

lower than those for Region 1, and did not improve dramatically by treating Set 1
boards oniy.

Figures 5 and 6 illustrate the specific effects that are described above. Figure5isa
plot of all of the data that was obtained in this interlaboratory comparison on Set 1 and
Set 2 boards. The Region 1 data shows a range of about 0.2 units and the Region 2 data
shows a range of about 0.1 units. Figure 6 shows all of the data that was obtained in
this interlaboratory comparison on Set 1 boards only. Figure 6 shows much smaller data
ranges for Region 1 and Region 2.
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As indicated in Step 7, for each data set, the Region 1 constant, A,, was used to
calculate the predicted initial k value:

A = In 100k, : 7
where K, is the initial predicted k-value.

Table 9 contains the predicted initial k-value using a fitting equation as shown by
Equation 2 for the Region 1 results. The predicted initial k-values obtained from the
constant term in Region 1 had a 20% range of values, i.e., 0.1248 to 0.1515
Btu-in/th-ft>°F), with a range of 0.0267 Btu-in/th-ft>°F) and an average value of 0.1328
Btu-in/(h-ft>-°F). The variance was 6.6281 X 10° and this yields a one standard deviation
value of 6.1%. ‘

Table 9. Predicted initial k-value using data fits for Region 1.

Set. Board Numbers: Thick/Thin Predicted Initial
k-value Using .
Eguation for Region 1
(Btu-in /h-ft%°p)

A. 3/18,19, 20, 21 0.1248 Low

B. 1/10, 11,12, 13 0.1269

C. 49/75,76,77,78 0.1297

D. 47 /67, 68, 69, 70 0.1394

E. 6/30,31,32,33 0.1260

F. 5/26,27,28, 29 0.1257

G. 2/14,15,16,17 0.1278

H. 4/22, 23, 24,25 0.1257

. 45 /56, 58, 59, 61 | 0.1338

J. 48/71,72,73,74 0.1339

K. 83 /87,88, 91, 92 0.1515 High

L. 46 /63, 64, 65, 66 '0.1442

M. 7134, 35, 36, 37 0.1271

M-2. 50 /55, 57, 60, 80 | 01422

M-3. 82 /85, 86, 89, 90 0.1339
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Because this was a surprisingly large value, the predicted initial k-value was separated
for Set 1 boards and for Set 2 boards, as shown in Table 10. The predicted initial k-value
obtained from the constant term in Regton 1 for specimens produced on November 29,
1993 (Set 1) only had arange of 2.4%, i.e., 0.1248 to 0.1278 Btu-in/th- ft ‘°F), with a range
of 0.0030 Btu in/th-ft>-°F) and an average value of 0.1263 Btu-in/th-ft>-°F). The variance
was 1.05 X 10° and this yielded one standard deviation value of 0.8%. Table 11.
summarizes this for Set 1 and Set 2 boards. This is further proof that significant aging

- was occurring in the boardstock after November 29, 1993 and this indicates that all test
specimen production from boardstock should be done at the same time.

Table 10. Predicted initial k-value using data fits for Region 1, but separated into Set 1
boards and Set 2 boards.

set. Board Numbers: Thick/Thin Predicted Initial
k-Value Using
Equation for Region 1
(Btu-in./h-ft*°F)

| set 1 set 2

A. 3/18,19, 20,21 0.1248 Low

B. 1/10, 11, 12, 13 0.1269

C. 49/75,76,77,78 0.1297 Low

D. 47 /67, 68, 69, 70 0.1394

E. 6/30, 31, 32,33 0.1260

F. 5/26,27, 28, 29 0.1257

G. 2/14,15, 16, 17 0.1278 High

M. 422,23, 24, 25 0.1257

|. 45 /56, 58, 59, 61 0.1338

J. 48171, 72,73, 74 0.1339

K. 83/87, 88, 91, 92 0.1515 High

L. 46/ 63, 64, 65, 66 0.1442

M-1. 7/ 34, 35, 36, 37 0.1271

M-2. 50 /55, 57, 60, 80 - 01422

M-3. 82/ 85, 86, 89, 90 0.1339
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Table 11. Predicted initial k-values obtained from the constant term for Region 1
separated for Set 1 and Set 2 boards.

SLICING DATE ' NOVEMBER 29, 1993 JANUARY 3, 1994
BOARD SET 1 (7 SETS) 2 (8 SETS)
HIGH Kk 0.1278 0.1515
LOW K 01248 0.1297
RANGE OF k 0.0030 0.0218

: OR 2.4% OR 15.7%
AVERAGE K ‘ 0.1263 0.1386
VARIANCE 1.0514 X 10° 5111 X 10°
ONE STANDARD DEVIATION. 0.8% 5.2%

As indicated in Step 6, for each data set, the constants (A, and A)) and slopes (B,
and B,) for Region 1 and Region 2 were used to calculate the average k for 10 vears w:th
1.5 and 2.0 inches for the product thickness and 20 years with 1.5 and 2.0 inches for the
product thickness. This calculation yielded the predicted lifetime R/inch values. Each
predicted lifetime R/inch value was divided by the initial R/inch value (obtained from
Table 10) to produce a ratio for each participants data set. These ratio values are given
for board Set 1 and board Set 2 in Tables 12, 13, 14, and 15. Table 12 contains the ratio
of lifetime R/inch for 10 years to the initial R/inch for thickness 1.5 inches using the data
for Set 1 boards (seven data sets) and Set 2 boards (eight data sets) obtained by the
individual participants. Similarly, Table 13 (10 years for 2 inches), Table 14 (20 years for
1.5 inches), and Table 15 (20 years for 2.0 inches).

Tables 16 and 17 summarize the resuits given in these four tables for Sets 1 and 2,
respectively. Table 16 shows for the Set 1 boards (test boards prepared on November
29, 1993) seven data sets had one standard deviation of 1.1% for 10 year lifetimes and
1.3% for 20-year lifetimes for the ratio of predicted lifetime R/inch value to initial R/iinch
value for 1.5-inch thickness. Table 17 shows for the Set 2 boards (test boards prepared
on January 3, 1984 that showed significant aging was occurring in the specimens
prepared after November 29, 1993) the corresponding standard deviations for eight
data sets were much greater (6.0% for 10 vears and 6.6% for 20 years) due to the
variation in Initial Rfinch values. These two data sets show that all test specimens of
reduced thickness should be prepared at the same time in order to limit the uncertainty
in predictions.

Table 16 shows the ratio increased from 0.673 to 0. 688 for 10-year predictions,
which is as expected for the increase in the thickness from 1.5 to 2.0 inches. Slmltarlv,
Table 16 shows the ratio increased from 0.655 to 670 for the 20 year predictions, which
is as expected for the increase in thickness from 1.5 to 2.0 inches. Furthermore, the
ratio values for 20-year predictions are lower than the ratio for 10-year predlctnons
because of the longer times. Table 17 shows the same type resuit in the ratio values,
although the standard deviations are significantly larger than those for Set 1 boards
shown in Table 16.
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Table 12. Ratios of predicted lifetime R/inch for 10 years to initial R/inch for thickness of
1.5 inches using the data for Set 1 and Set 2 boards obtained by the individual

participants.
Set Board Numbers Set 1 Set 2
(Thick/Thin) Ratio of Predicted Ratio of Predicted
Lifetime R/inch for Lifetime R/inch for
10 years to Initial 10 years to Initial
R/inch for 1.5-Inch R/inch for 1.5-inch
Thickness Thickness
(hft*-°F/Btuin.) (hft2°F/Btuin.)
“A. 3/18,19,20 21 0.666
8. 1/10,11,12, 13 0.666 L
C. 49/75,76,77,78 0681 L
D. 47 /67, 68, 69,70 ' 0.746
E. 6/30, 31, 32, 33 0.685 H
F. 5726, 27,28, 29 0.680
G. 2/14,15, 16,17 0.677
H. 4/22, 23, 24, 25 0.668
. 45 /56, 58, 59, 61 0.694
J. 48 /71,72, 73,74 ' 0.715
K. 83 /87, 88, 91, 92 0.815 H
L. 46/ 63, 64, 65, 66 ' 0.760
M-1. 7 /34, 35, 36, 37 0.671
M-2. 50 /55, 57, 60, 80 | 0.737
M-3. 82/ 85, 86, 89, 90 0.700
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Table 13. Ratios of predicted lifetime R/inch for 10 years to initial R/inch for thickness of
2.0 inches using the data for Set 1 and Set 2 boards obtained by the individual

participants.

Set Board Numbers

Thick/Thin}

Set 1
Ratio of pPredicted
Lifetime RAInch for
10 years to Initial
R/inch for 2.0-inch

Set 2
Ratio of Predicted
Lifetime R/Inch for
10 years to Initial
R/inch for 2.0-inch

Thickness Thickness
(hft*°F/Btu in.) (hft*-°F/Btuin.)
A. 3/18,19, 20, 21 ' 0.680
B. 1/10,11,12,13 0.683
C. 49/75,76,77,78 0.706 L
D. 47 /67, 68, 69, 70 0.758
E. 6/30, 31,32, 33 0.702 H
F. 5/26, 27, 28, 29 0.695
C. 2/14,15, 16, 17 " 0.689
H. 4722, 23,24, 25 0.680 L
l. 45/ 56, 58, 59, 61 0.709
J. 48/71,72,73,74 10.730
K. 83/87, 88, 91, 92 0.826 H
L. 46/ 63, 64, 65, 66 0.780
M-1. 7734, 35, 36, 37 0.689
M-2. 50/55, 57, 60, 80 0.749
M-3. 82/ 85, 86, 89, 90 0.714
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Table 14. Ratios of predicted lifetime R/inch for 20 years to initial R/inch for thickness of
1.5 inches using the data for Set 1 and Set 2 boards obtained by the individual

: participants.
Set Board Numbers Set 1 Set 2
{Thick/Thin) Ratio of Predicted Ratio of Predicted

Lifetime R/tnch for Lifetime R/Inch for
20 years to Initiai 20 years to Initial
R/inch for 1.5-Inch R/inch for 1.5-inch
Thickness . Thickhess
(hft2-°F/Btuin.) thft2°F/Btuin.

A. 3/18, 19, 20, 21 0.650

B. 1/10, 11,12, 13 0.645 L

C. 49/75, 76,77, 78 | osasL

D. 47 /67, 68, 69, 70 ' 0.732

E. 6/30, 31, 32, 33 0.664

F. 5/26, 27, 28, 29 0.659

G. 2/14, 15, 16, 17 0.667 H

H. 4722, 23,2425 0.654

I. 45 /586, 58, 59, 61 0.676

J. 88/71,72, 73, 74 0.698

K. 83/87, 88,91, 92 0.800 H

L. 46/ 63, 64, 65, 66 0.731

M-1. 7 /34, 35, 36, 37 0.647

M-2. 50/ 55, 57, 60, 80 0.718

M-3. 82 /85, 86, 89, 90 0.684
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Table 15. Ratios of predicted lifetime R/inch for 20 years to initial R/inch for thickness of
2.0 Inches using the data for Set 1 and Set 2 boards obtained by the individual

participants.

Set Board Numbers
(Thick/Thin)

Set 1
Ratio of Predicted
Lifetime R/Inch for
20 years to Initial
R/inch for 2.0-inch
Thickness
(hFt>°F/Btuin.)

Set 2
Ratio of Predicted
Lifetime R/Inch for
20 years to Initial
R/inch for 2.0-Inch
Thickness
(hft2°F/Btuin)

A. 3/18,19, 20, 21 0.664

B. 1/10,11,12,13 0.662 L

C. 49/75,76,77,78 0.674 L
D. 47/ 67, 68, 69, 70 0.744
E. 6/30, 31, 32, 33 0.683 H

F. 5/286, 27,28, 29 0.676

G. 2/14,15, 16,17 0.676

H. 4/22,23,24,25 0.665

I. 45 /586, 58, 59, 61 0.692
J. 48/71,72,73,74 0.712
K. 83/87,88,91, 92 0812 H
L. 46/ 63, 64, 65, 66 0.756
M-1. 7/34, 35, 36, 37 0.667 ‘
M-2. 50/55, 57, 60, 80 0.734

M-3. 82/ 85, 86, 89, 90

0.698
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Table 16. Summary of ratios of predicted lifetime R/inch for 10 and 20 years for
thicknesses of 1.5 and 2.0 inches obtained using the data for Set 1 boards
(only) obtained by the individual participants.

A. summary of Predictions for 10 Years

Thickness, Inch 1.5 2.0
Average Ratio 0.673 0.688
High Ratio 0.685 0.702
Low Ratio | 0.666 0.680
Range, Ratio 0.019 0.022
.2.82% 3.20%
One Standard Deviation 1.11% 119% |

B. summary of Predictions for 20 Years

“Thickness, Inch 15 20 u

_ i
Average Ratio 0.655 0.670
High Ratio 0.667 0.683
Low Ratio | 0645 0.662

Range, Ratio 0.022 0.021 -

2.36% 3.13%
One Standard Deviation 1.29% 1.18%




Table 17. summary of ratios of predicted lifetime R/inch for 10 and 20 years for
thicknesses of 1.5 and 2.0 inches obtained using the data for Set 2 boards

30

{only) obtained by the individual participants.

A. Ssummary of Predictions for 10 years

Thickness, Inch 1.5 2.0
Average Ratio 0.734 0.746
High Ratio 0.815 0.826
Low Ratio 0.681 0.706
Range, Ratio 0.134 0.120

18.3% 16.1%
One Standard Deviation 5.95% '5.54%
B. summary of Predictions for 20 years

Thickness, Inch 15 2.0

Average Ratio 0.711 0.728

" High Ratio 0.800 0.812
Low Ratio 0.645 0.674
Range, Ratio 0.155 0.138
21.8% 19.0%

One Standard Deviation 6.58% 6.03%
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CONCLUSIONS

The results obtained from 13 participating laboratories proved this
interlaboratory comparison was a successful demonstration of the PIMA Standard to
gstimate the long-term thermal resistance of unfaced, rigid, closed-cell,
polyisocyanurate foam insulation as a function of time using specimens of reduced
thickness. The material for this demonstration was an experimental polyisocyanurate
boardstock blown with HCFC-141b and CO,. The test results were obtained on thick and
thin specimens using heat flow meter apparatuses that are capable of measuring
apparent thermal conductivity in accordance with ASTM C 518 Test Method.

A computer program was developed and used to predict the lifetime thermal
resistance (R/inch} of foam insulations.

The ratios of predicted lifetime R/inch value to initial R/inch value for the seven
data sets on board set 1 had one standard deviation of 1.1% for 10-year lifetimes and
1.3% for 20-year lifetimes for a thickness of 1.5 inches.

The ratios of predicted lifetime R/inch value to initial R/inch vaiue for the eight
data sets on board Set 2 had one standard deviation of 6.0% for 10-year lifetimes and
6.6% for 20-year lifetimes for a thickness of 1.5 inches. This clearly shows that all test ~
specimens of reduced thickness should be prepared at the same time,

The results of this study provide a needed precision and bhias statement for the
PIMA Standard, Estimating the Long-Term Thermal Performance of Unfaced, Rigid,
Closed-Cell, Polyisocyanurate (PIR) Foam Insulation, and for the ASTM €16 Standard,
Estimating the Long-Term Change in the Thermal Resistance of Unfaced Rigid Closed Cell
Plastic Foams by Slicing and Scaling Under Controlled Laboratory Conditions.
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APPENDICES
APPENDIX A

SUMMARY OF PIMA STANDARD

PIMA Standard for Estimating the Long-Term Thermal Resistance of Unfaced,
Rigid, Closed-Cell, Polyisocyanurate (PIR) Foam insulation - (PIMA Standard for

Describing Ritime))

This PIMA Standard uses ASTM Test Method C 518 for periodic
determinations of the thermal resistance of specimens of reduced thickness for a
period of 180 days to observe the effects of aging. The set of thermal resistance
results for specimens aged under controlled {aboratory conditions may be used
to estimate the thermal performance of the foam product under actual use
conditions.

The specimens are prepared from the center of a full-thickness section in
order to have a.cell gas content that is representative of the section at the time
of manufacture. A minimum of five thermal resistance specimens per sample
shall be prepared: a full thickness specimen, typically 1.5 + 0.2 inches, that is
representative of the product, and four thin specimens, 0.39 + 0.04 inches thick.
The effective specimen thickness of the thermal resistance specimen is
determined to 1% using a vernier caliper or the C 518 apparatus. Each thermal
resistance test is done at a mean temperature of 75 + 4°F with a temperature
difference of either 40°F or 50°F. The specimens shall be conditioned at 75 +
4°F and 50 + 5 percent relative humidity before and during the test sequence.
At least eight data points spanning an aging period of 180 days shall be obtained
for each type of specimen.

The nonlinear increase in k with time/tthickness)* can be described by two
linear regions if one plots the natural logarithm of k versus (time)"¥/thickness.
The data are fitted using a least squares method to a straight line for region 1
and region 2. This procedure assumes the thermal conductivity (¢ can be
described by an exponential dependence on diffusion coefficient (D), time (t) and
thickness (h).

Y =A + BZ 1)
In k = Ink, + OB 2
where k, is the initial thermal conduct:v:tv AisIn Kk, YisInk, Zis t"¥h, and
B is D'. The fitted equations for region 1 and region 2 are used to estimate k for

a foam of a specific thickness at various times and the time-averaged thermal
resistivity (1/l0.
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APPENDIX B

PIMA Standard for Describing Ritime)

PIMA Standard for Estimating the Long-Term Thermal Performance of Unfaced,
Rigid, Closed-Cell, Polyisocyanurate (PIR) Foam insulation (PIMA Standard for
Describing Ritime)

TABLE OF CONTENTS
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inch-pound units are primary; Metric or S. I. units are secondary.
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PIMA Standard for Estimating the Long-Term Thermal Resistance of Unfaced, Rigid,
Closed-Cell, Polyisocyanurate (PIR) Foam Insulation - (PIMA Standard for Describing R(time))

1. SCOPE

1.1

1.2

1.3

This- PIMA Standard uses ASTM Test Method C 518 for periodic determinations of
the thermal resistivity of specimens of reduced thickness which shortens the
time required to observe the effects of aging.

The set of thermal resistivity results for specimens of an unfaced, rigid, closed-
cell, PIR foam aged for 180 days under controlled laboratory conditions may be
used to provide an‘acceptable description of the thermal performance of the
unfaced foam product under actua! use conditions.

Annexes provide detailed descriptions of procedures to make the measurement
and to interpret the results.

2. APPARATUS

2.1

2.2

The thermal resistivity test apparatus shall conform to the latest version of ASTM
Test Method C 518.

The apparatus shall be capable of testing one single full-thickness specnmen and a
stack of thin specimens with a total thickness of less than 1.6 inches (40 mm) with
an estimated error in thickness of not more than 2 % attributed to errors in plate
and specimen flathess and parallelism (0.032 inches, 0.8 mm).

2.3 The apparatus must be capable of testing at a mean temperature of 75 + 4°F (24
+ 2°0) with a temperature difference of either 40°F (22°C) or 50°F (28°C).

2.4 The humidity within the test apparatus shall be maintained low enough to
prevent moisture condensation on the cold plate(s) of the apparatus. For
optimum results, the measuring apparatus should be used under normal
conditions, 75 + 4°F (24 + 2°0) and 50 + 5% relative humidity.

3. SAMPLING

3.1 The data analyses used in this PIMA Standard assumes that the reduced-thickness
specimen has the same diffusion coefficients and initial cell gas composition as the
material. The sampling process and multiple tests on specimens of two thicknesses
can help assure that these conditions are met.

3.2 specimens shall be prepared as soon as possible after production so that the cell gas
content within the sample is representative of initial conditions. Specimens
prepared from the center of a full thickness section may still have a cell gas content
that is representative of the section at the time of manufacture.

3.3 (ADDED AFTER COMPLETING THE 1994 INTERLABORATORY COMPARISON M-REPORT) All

test specimens of reduced thickness should be prepared at the same time to limit
uncertaintv in predictions.
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4. THERMAL RESISTIVITY SPECIMENS

4.1

4.2

This PIMA Standard uses two types of specimens with flat surfaces: a full-thickness
specimen typically 1.5 + 0.3 inches (38 + 8 mm) that is representative of the
product, and four thin specimens 0.39 + 0.1 inches (10 + 3 mm) thick. Thus, a
minimum of five thermal resistivity specimens persample shall be prepared to allow
thermal tests on stacked thin specimens of nominal thickness 1.2 to 2.0 inches (30
to 51 mm).

The full-thickness specimen Is formed from a fuli-thickness section whose
cross-sectional area is farge enough to fully cover the plate area of the test
apparatus. The full-thickness specimen and the thin specimens are formed
by reducing the thickness of this section by alternatively removing thin layers from
each major surface.

5. MEASUREMENT OF SPECIMEN THICKNESS

51

The effective specimen thickness of each thermal resistivity specimen is determined
by either (1) 12 measurements of the thickness around the full-thickness specimen
perimeter with a dial-gage or vernier caliper to +0.001 inch, or {2) direct thickness
measurement of the specimen when It is in the C 518 apparatus and after the
apparatus has been calibrated for thickness. As shown in the Annex, (See Table A5},
the latter thickness may be less than the former thickness by as much as 1 percent,
because of compression effects.

6. THERMAL RESISTIVITY MEASUREMENT

6.1

6.2

6.3

6.4
6.5

Weigh each thermal resistivity specimen to within 10 mg. Measure the
cross-sectional area of the specimen to within 0.01 inches (0.2 mm). Use this area
and the effective specimen thickness (See 5.1} to compute the specimen volume and
test density.

Conduct the thermal resistivity test at a mean temperature of 75 + 4°F (24 3+ 2°C)
with a temperature difference of either 40°F (22°C) or 50°F (28°C) imposed on the
specimen.

For a series of tests on a specimen as a function of time, the specimens shall be
conditioned at 75 1 4°F (24 + 2°C) and 50 + 5 percent relative humidity before and
during the test sequence for this PIMA Standard. ’

The major flat surfaces of the specimens shall not be in physical contact during
horizontal or vertical storage for aging.

Because of the thinness of the aging specimens, this PIMA Standard uses four
identical layers stacked together to fabricate a thick thermal resistivity specimen.
The stacked specimen must be oriented the same for each test. The specimen
should be loaded and tested in the apparatus specimen chamber with the same
orientation for each test time. This PIMA Standard requires at least nine data points
spanning an aging period of 180 days for each type of specimen. Specific foams
may age at different rates. The test times should be selected to yield data for both
of the two aging processes. A two week/four week test cycle that spans aging for
180 days after specimen preparation is: Test 1: 14 days (time after sample
preparation); Test 2: 28 days; Test 3: 42 days; Test 4: 56 days; Test 5: 84 days; Test 6
112 days; Test 8: 168 days; Test 9: 196 days. This test cycle allows tests to be
conducted at the same time each week, for example, each Monday morning.
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7. REPORT -

The report shali give the following information, including references to applicable test
methods. This information may be organized as indicated on the fillin-the-blanks
e Laboratory Report Form as shown here and in the Annex. The data summary tables are the
basis for describing the performance of products as a function of time under actual use
il conditions.

7.1 The name, address, and any other identification of the test laboratory and the
date of the report.

7.2 The name and any other identification of the material tested, and the date of the
test. o

7.3 The manufacturer of the material, the date obtained, the date of manufacture

: and/or the manufacturers lot number.

7.4 The method of specimen preparation.

7.5 The specimen dimensions and weight, and the calculated test density.

7.6 The aging conditions.

7.7 The type, size, and meter area of the thermal test apparatus.

7.8 The test mean temperature, test temperature difference, and age of the specimen
at each test time.

7.9 The specimen apparent thermal conductivity and thermal resistivity at each test
time, = _

7.10 If applicable, a plot of the thermal resistivity as a function of time and a table of
the time-averaged thermal resistivity for several times selected as service life. '

7.11 A statement of the precision and bias of the test apparatus and procedure used
to arrive at the reported data.(See ASTM C 518)

712  Any additional pertinent observations and remarks.
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TEST LABORATORY REPORT FORM DATE

7.1 Test Laboratory Information
Name
Street Address
City, State, zZip

7.2 Material Tested
Date of Test
Name of Person doing the tests

7.3 Manufacturer of Material
Material Lot Number
Date of Production
Date Obtained

7.4 Method of Specimen Preparation
Planer; Band Saw; Slicer: Other.

7.5 Specimen Characteristics
Thickness in Inches
Length in Inches; Width in Inches.
Specimen Weight in Pounds grams)
Specimen Density in Pounds per Cubic Foot

7.6 Specimen Aging Conditions
75 °F; Other

7.7 Thermal Test Apparatus Type .
R-Matic; K-Matic; Anacon (may not be allowed
for tests run by C 518); Other.

7.8 Test Conditions
Mean Test Temperature: 75°F; Other.
Temperature Difference: 50°F; 40°F; Other.
Specimen Age in Days when Tested.

7.9 Specimen Properties Obtained
Apparent Thermal Conductivity in
Btu*in/h*ft?*°f

Thermal Resistivity in (h*ft*°Fy/Btu*in)




DATA UTILIZATION A

1. SUMMARY OF TEST DATA
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ND CALCULATED PROPERTIES FORM

TEST
DATE

TEST

NUMBER

SPECIMEN
AGE (d) and
THICKNESS ()
WHEN
TESTED

APPARENT
THERMAL
CONDUCTIVITY
(K}

NATURAL
LOG OF
100 * K

2. CALCULATED AGED SPECIMEN CHARACTERISTICS.

TEST
NUMBER

t/h? in dfin’

t/h3H*in
@fin®"?
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3. SUMMARY OF DATA FIT BY LEAST-SQUARES METHOD

REGION A B NUMBER OF INTERCEPT
DATA POINTS

4. CALCULATED PROPERTIES

PERIOD OF TIME IN YEARS TIME-AVERAGED THERMAL RESISTIVITY

10

TIME-AVERAGED THERMAL RESISTIVITY
THERMAL RESISTIVITY AT 5 YEARS
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9. TERMINOLOGY AND SYMBOLS

1. Definitions - For definitions of terms and symbols used in this proposal, refer to Definition,
c 168. _

2. Description of Terms Specific to this PIMA Standard

21 aging - the change in thermophysical properties of rigid closed-cell PIR foam with
time due to changes in the composition of the gas contained within the cells.

2.2 effective diffusion coefficient - a material property which relates the rate of gas
transport to the gas pressure difference across the material of a given thickness
at a given temperature.

2.3 specimen thickness - the actual thickness as determined by tests using a plane
table,

24 primary stage -~ that portion of the aging process where changes in
thermophysical properties are primarily influenced by the diffusion of air
components into the rigid closed-cell PIR foam.

2.5 scaling factor - the ratio of the square of the material thickness and the sguare
of the test specimen thickness. This ratio represents the acceleration rate which
is being applied to the aging process of a rigid closed cell plastic foam because of
thickness differences. '

2.6 secondary stage - that portion of the aging process where changes in
thermophysical properties are primarily influenced by the diffusion of blowing
agent(s) from the rigid closed cell PIR foam.

2.7 service life - the anticipated period of time that the material is expected to
maintain the manufacturers claimed thermophysical properties. The service life
may be dependent on the specific end-use application.

2.8 time-averaged thermal resistance - the thermal resistance of a material of given
thickness averaged over a specified time period.

2.9 transfer point (T) - the estimated age of a rigid closed cell plastic foam when the
aging process switches from the primary to secondary stage (see Figures 1 and 2).
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3.3 symbols
B constant,
D diffusion coefficient, cm¥sec,

specimen (material} thickness, inches m,

specimen thickness, inches (m)

apparent thermal conductuvntv Btuin/th ft%-°F) (W/m-K,

thermal conductivity of the cell gas mixture, Btu in/th ft2 °F (W/MmK)),
initial apparent thermal conductivity, Btuin/th ft2-°F) (w/im KN,

thermal conductivity due to thermal radiation, Btu-in/th ft-°F) (W/m- K,
thermal conductivity of the solid polymer, Btuin/th ft2-°F) W/(m K,
partial pressure, atm,

thermal resistivity, (h ﬂ:2 °R/BLU-IN. (mK/W)

thermal resistance, thft*-°F/Btu (m? KW,

initial thermal resmtance (hFE22F/BLU €M),

estimated tlme-averaged resistance, (hft? °F}/Btu (m* K,

thermal resistance on t ™ day, (h-ft2°F/Btu (m*K/m),

time, days, d,

age of specimen when the Instantaneous thermal resistance is equal to a
time-averaged thermal resistance, days, d,

service life, days, d,

transfer point, davs, d,

specimen test thickness, inches (m).
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10. ANNEXES

Annex A. The Aging Process

A1 - Rigid closed cell plastic foam insulations are produced by foaming various plastic
polymers. At the time of manufacture, the cells of a PIR foam usually contain their highest
percentage of plowing agent and the lowest percentage of air components. As time
passes, the relative concentrations of these gases change due to diffusion, resulting in a

decrease in the thermal resistivity due to an increase in the thermal conductivity of the

resultant cell gas mixture. This assumes the blowing agent(s) is a 9as whose apparent
thermal conductivity is less than that of air and effective diffusion coefficient are iower
than those of the air components. This assumption is made so that the text is clear; if the
blowing agent diffuses faster than the air components, definitions of the stages of aging
would require medification and any discussions regarding diffusion rates would need to
be changed.

A.2 - The loss in thermal resistivity due to the phenomena described in Section A1
occurs over an extended period of time. information regarding changes in the thermal
resistivity of these materials is required so that rational decisions regarding formulations,
production, and comparisons with other materials can be made. Ideally, time—averaged
thermal resistance data for the expected service life should be available after as short a
period as possible.

A3 - ASTM Standards C 578, C591, C 984, C1013,C1028,C 1050, and € 1126 on rigid ciosed
cell plastic foams indicate this decrease in thermal resistivity occurs
over an extended period of time. However, these standards currently require that freshly
manufactured foams be measured for thermal resistivity after conditioning at 73 +/- 2°F
(23 +/-1°C) for 180 +/-5 days from the time of manufacture, or at 4140 +/- 2°F
(60 +/- 1°C) - for 80 davs. These standards do not currently specify long-term or
time-averaged thermal resistivity.

A4 - This procedure requires that the material characteristics of the thin specimens
are equivalent to those of the material under investigation. In particular, the specimens
of reduced thickness must have the same effective diffusion coefficient and initial cell gas
content as those of the full thickness material, and that one-dimensional diffusion
dominates, limiting the application of this test procedure to unfaced or faced-with-a-
permeable-material *nomogeneous" materials.

A5 - The procedure outlined in this method can be used to produce a characteristic
aging curve (relationship between the thermophysical properties with time). This
relationship has been used by researchers to caiculate effective diffusion coefficients.

1, 2.
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A.6 - During the service life of a rigid closed cell PIR foam, air components diffuse
into the cells, and the blowing agent diffuses out of the cells or partially dissolves in the .
solid polymer matrix. Each process occurs at a rate that depends on the type of polymer,
the foam structure, the temperature, the gas type and its pressure.

A.7 - since the inward diffusion of air components is generally much faster than the
outward diffusion of the captive blowing agent, the aging process proceeds in two stages,
During the first stage, the cell gas composition changes at a significant rate because of the
rapid diffusion of air components into the cell and the outward diffusion of all rapidly
diffusing blowing agents, if present. These compositional changes cause the thermal
resistivity of the material to change. This stage of aging is defined as the primary stage.

A.71 - If carbon dioxide is used as a blowing agent or is generated during foam
manufacture, its outward diffusion rate will usually exceed the entry rate of air
components during the primary stage.

A.7.2 - As the diffusion of air components nears completion, the thermal resistivity
of the material changes more slowly. The thermal resistivity continues to change, however,
due to continuing outward diffusion from the cells of the blowing agent. This stage is
defined as the secondary stage.

A.7.3 - Anumber of researchers studying aging have depicted their thermal performance
data (thermal conductivity, thermal resistance, thermal resistivity) for unfaced, rigid, closed-
cell plastic foams as a function of the logarithm of time. See Refs (4}, {5, (6), (7}, (B), and (9).

R = F{In t} A1)

Figures 1 and 2 are examples of aging curves for an unfaced, rigid, closed-cell plastic foam
utilizing this technique (3). The infiection between the two stages of the aging process
is defined as the transfer point. A second transition may occur, depending on the blowing
agent(s) used.

A.7.4 - The apparent thermal conductivity of a rigid closed-cell plastic foam, K,
can be approximately expressed as the sum of the apparent thermal conductivities due to
radiation (k), due to the gas mixture k), and due to the solid polymer (k). See Refs. (1,11)
for further details. : ' .

K=Kk +Kk, +K (A2)

A.7.5 - It is assumed that the values of k. and k. do not change significantly during
the time the gas content within the cells is changing. Then Equation A2 implies that the
aging process can be studied by exclusively investigating the change in the gas thermal
conductivity, and k, can be determined by studying the change in partial pressure of the
cell gas componen%s as a function of time. The governing parameters controlling the
thange in the partial pressure, p, of the gas components are their effective diffusion
coefficients D, the thickness aX, and time t. See Ref {1). Solubility changes are not
addressed. In order to accelerate the aging process, either the diffusion coefficients can
be increased or the thickness reduced. :



48

A.7.6 - Diffusion coefficients can be increased by raising the temperature (1, 12).
The amount of acceleration achievable by raising the aging temperature depends on the
temperature dependence of the diffusion coefficients. A specific increase in temperature
does not equally change the diffusion coefficients of all the gases involved in the aging
process. A possible third limitation is that elevating the temperature can damage the
celiular structure of the foam, which is suggested in Ref (13).

A.7.7 - Reducing specimen thickness can vield large increases in aging rates and does not
expose the material to potentially damaging elevated temperatures. For a material
satisfying the requirements of constant D and initial P, the same value of the ratio t/ax? will
vield the same value of p, and therefore the same values of Ag and A. Therefore, the
thermal resistivity of a specimen of thickness AX, at time t, can be determined after
conditioning a specimen of effective thickness AX, over a time interval t,. The time interval
t, can be calculated by

t, =t * (A%, / aX)Y (A3}

The ratio (AX, / aX, is defined as the scaling factor and Annex B shows an example
calculation.(3) :

A.7.8 The nonlinear increase in k with time/(thickness) can be described by two
linear regions if one plots the natural togarithm of k versus (time)**/thickness. This is
the ORNL procedure (1, 2, 10). If one assumes that k can be described by an exponential
dependence on diffusion coefficient (D), time () and thickness (h):

k = k, exp {(Db"/h}, (Ag)

where k, is the initial thermal conductivity, then one observes the following dependence
of k on tin the primary and secondary regions:

In k = Ink, + (O™ | (A5)
Y = A +BZ | A6)
where A = In K,
Y = In K
Z = t"h, and
B = D112.

Thus, if one measures the k of a PIR foam product of thickness (h) as a function of aging
time (t), then a plot of Y versus Z should vield a straight iine of slope B. A least-squares
fitting of the data to the straight line represented by Eq. A6 vields an intercept of In K,
and a slope equal to D" . Figure 3 shows this increase in k (plotted as In 100 k for
convenience) for specimens of three thicknesses of foam blown with CFC-11 and aged at
75°F. The two linear regions correspond to the primary and secondary stages. Figure 3
shows calculated and experimental data (1) for these two regions.
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ORNL-DWG BMGH0-15
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SQUARE ROOT TIME/THICKNESS (DAYSY2,/mm)

Figure 3. Test data (filled points) show the increase in k (75°F) for thin specimens of rigid
board foamed with CFC-11 aging at 75°F. Massachusetts institute of Technology model
predictions are shown as unfilled points.
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Annex B. Example Calculation

B.1 Determination of Scaling Factor
B.1.1 This calculation follows the procedure in Section A.

B.1.2 Probiem - A 2 inch (50 mm) thick "homogeneous" rigid, unfaced, closed-cel} plastic
foam material is to be measured for its long term thermal resistivity. An estimate of the
thermal resistivity at 3650 days (10 vears) is needed.

B.1.3 Solution - A 0.43 inch (11 mm) thickK slice is removed from the center of a section
of the insulation material following the guidelines described in Annex E.

B. 1 4 Using Eguation A3, the specimen must be conditioned for 3650 days * (0.43 iny/2
in? or 169 days to obtain the equivalent thermal performance of the full thickness
section aged for 3650 days (10 years).

B.1.6 The scaling factor is (0.43/2® = 0.046.

Annex C. Utilization of Thermal Resistivity Data

C.1 Calculation of Time-averaged Thermal Resistivity - Assummg that R, is the thermal
resistance of a rigid closed cell plastic foam on the t* day, R, Is the time-averaged
thermal resistivity, and t_ is the intended service life of the rigid closed cell plastic foam
in days, then

[tm
R, = 1/t, R, dt (A7)
Ja

where t1 is much less than tm.

C 1.1 Assuming a logarithmic dependence of thermal resistivity with time, then the
initial portion of the aging process can be approximated by

R, = R, - B In(t) (A8)

where R, is the thermal resistivity of the cellular plastic on the first day of the aging period
and B is a constant. Equation A8 can be expressed as

ReR)/RoRy) = 1 - IN@W/Inct,) (A9)

where R,, is the thermal resistivity on the last day of the aging period. Therefore R, Is equal
to the thermal resistivity on the a* dav where

t,=t,/ 272 (A10)
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Annex D. Estimation of the Time-Averaged Thermal Resistivity

D.1 This calculation follows the procedure in Annex A.

D.2 problem - The same material described in Annex A has a service life of 2650 days
{10 years). An estimate of the time-averaged thermal resistivity is needed.

D.3 Solution - Repeat the process described in Annex B to prepare a test specimen and
determine the effective thickness of 0.43 inches (11 mm). :

D.4 Using Equation A10, calculate the length of conditioning that is required to
obtain the equivalent to the average thermal resistivity. The average thermal resistivity
or time-averaged thermal resistivity is equal to the thermal resistivity measured after
3650 days/(2.72) or about 1342 days.

D.5 Using Equation A3, the thin specimen must be conditioned for 1342 days *
(0.43 iny*/(2 i)’ or 62 days to obtain an instantaneous thermal resistivity that

Is equivalent to an estimate of the time-averaged thermal resistivity for a service
life of 3650 days (10 years).

Annex E. Thin-Specimen Preparation Guidelines

E.1 Specimen preparation equipment that has successfully been used to prepare thin
specimens is listed below. Ref (5 summarizes these techniques and compares their
effectiveness. This listing is not intended to preclude the development or use of any
other demonstrated methods of specimen preparation.

E.1.1 Surface grinder or planer. This method has been used at ORNL.
E.1.2 High speed band-saw with a fine tooth blade or razor blade.
E.1.3 A combination lathe/motor-driven meat: slicer.

E.2 Surface Damage - Equipment for preparing thin specimens shall be selected based
on the equipment’s ability to reproduce the amount of surface damage (open cells)
created in the preparation process. Small variations in surface damage may yield
significant variability in the data obtained from the thin specimen. Different specimen
preparation equipment may be required to prepare thin specimens from generically
different rigid closed cell plastic foams. '

E.3 Thickness Uniformity - The equipment used to prepare specimens shall be capable
of producing specimens whose uniformity of thickness imparts an uncertainty no
greater than 2 percent to the thickness measurement.
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Annex F. Precision and Bias (Deviation)

F.1 The precision of this method is significantly infiluenced by the specimen preparation
techniques-and the dimension measurement procedures as well as the precision of the
thermal test method used Precision data on the combined procedures are not yet
available.

F.2 Bias (deviation) between the thin specimen aged R-Values and the long-term full
thickness aged R-Values can only be determined after the actual aging of the full
thickness material is compieted.

F.3 An interlaboratory comparison of four laboratories performing experiments at
24°C{75°F) on three test specimens of polyisocyanurate foam ranging in thickness from
32 to 64 mm (1.3 £o 2.6 inches) reported an average deviation of 0.8 percent and a two
standard deviation (20} value of 2.3 percent. See Ref {(15) for further details

of this comparison. The thicknesses of the specimens in this round-robin are near those
proposed by this test procedure.

F.4 The precision and bias {(deviation) of the thermal resistivity projections and
estimations of the time-averaged thermat resistance are presently unknown and will be
a subject for a future revision of the test method.

F.5 (ADDED AFTER COMPLETING THE 1994 INTERLABORATORY COMPARISON M-REPORT) T

predicted lifetime R/inch values for the 15 data sets had one standard-deviation of
1.4% for 10 year lifetimes and 1.7% for 20 year lifetimes.

Annex G. Key words

G.1 This test method is indexed under the following terms: aging, rigid closed cell PiR
foams, thermal insulation, thermal resistivity, design thermal resistivity, time-averaged
thermal resistivity, thermal conductivity.

Annex H. Data Summary and Calculations

Table A1 contains the 24 experimental data points plotted in Figure 3. Table A2
is a summary of data fits by a least-squares method of these data. Set 1 (@ll data) yvielded
fits with average percent deviations of 0.65% and intercept (k) values for region 1 and 2.
Set 1 provides a basis for the following comparisons.

Sets 2 and 3 are subsets of Set 1. Sets 2 and 3 show data for the PIMA Standard would
be within 25 of the expectations for all data values for k,. Table A2 show the predicted
thermal performance (K and 1/k) values for Sets 2 and 3 are within 2% of the values for Set
1. Table A3 shows the predicted time-averaged thermal resistivity values for Set 1 for times
of 1, 5 and 10 years. Data sets 2 and 3 agree to 1% with these values.
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Example: PiMA Documerx
saved s PIMADRF2

Date TestNo. Specimen Age h K In 100°K h~2 Sqnvm~2
(cays) (in) (Btuinvhft~2.F) {dAn~2)

1 & 2 8 1 J lﬂ--i‘- Mt T r T T 1 F i1 s- 2 2 0 F 2 | S AR NN I O N O N O B A O O BN N I OB A A i R
1 3 1.200 0.1268 25400 1.777 1.3332
2 17 1.299 0.1239 25180 10.072 3.1738
L] 55 1.299 0.1315 25784 30511 . £5237
4 108.5 1.298 0.1322 2.5817 83.085 7.5433
5 180 1.299 0.1418 26518 112585 10.6098
] 290 1.299- 0.144 2.8872 171.800 13.107¢
7 4835 1.209 - 0.1488 2.7000 274 588 105710

g 8735 1.299 01577 2.7581 517.501 22.7488
1 3 0.758 £.1208 24509 5250 2.2914
2 17 0.758 0.1288 25541 - Ni-Y 5.4548
L] 515 0.758 0.1306 2.6382 90.132 9.4038
4 108.5 0.756 0.1478 28819 180,306 "13.85M4

§e* 180 0.758 0.154 2.7044 2525 18.23%

g 200 0.756 0.1602 , 27738 507 5% 22.5208

7 483.% 0.758 0.1634 2.7838 811.187 20,4813

g 873.5 0.756 0.1891 2.827% 1520.742 39.0881
1 3 0.398 0.1322 25817 18877 43583
2 17 0.288 0.13% 26219 107.537 10.3700

a3 S1.5 0.age . 0.1502 2.7084 325.713 18.0492

as* 1065 0.258 0.156 2.7473 a73.685 25.9554

Ewe 190 0.258 10,1592 2.7676 1201.87¢ 34 0801

c=* 290 0.393 0.1628 2.788% 1834 447 A42.8304

T 4835 0.288 : 0.1652 2.8046 2931 553 54.1475

s 8735 0.398 0.1728 2.8495 5525.482 74.33%

TABLE A1. SUMMARY OF TEST DATA FOR CFC-11 BOARD. Apparent therma!
conductivity (k) results are converted to the natural logarithm of 100*k. Specimen.
thickness (h) and age at time (t) of test are converted to values of {time) "? divided by
thickness. **: Data Point is in Region 2.
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TABLE A4. PREDICTED TIME-AVERAGED THERMAL RESISTIVITY FOR 1.5 INCH THICK FOAM BLOWN
WITH CFC11.

1. All Data.
Time'AveraQECj Prop- One Year Five Years Ten Years
erty \ |
K 0.1319 0.1438 0.1486 -
1K | 7.579 . 6.950  6.728

2. 1.3 inch and 0.'4 inch: all data.

Time-Averaged Prop- One Year Five Years Ten Years
erty

k 04326 0.1432 0.1476
K 7.542,-0.49% | 6.983, 0.47% 6.775, 0.70%

3. 1.3 inch and 0.4 inch: 190 day data.

Time-Averaged PI'OD' One Year Five Years Ten Years
erty ‘

K ' 0.1326 0.1432 0.1476

1K 7.541,-0.5% | 7.003,0.76% 6.78, 0.77%
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fABLE A5. COMPARISON OF THICKNESS IN INCHES OF INDIVIDUAL AND STACKED BOARDS
pETERMINED AT ORNL USING:

(A) COORDINATE MEASURING MACHINE, AND
(B} CALIBRATED HEAT FLOW METER APPARATUS (HFMA).

A_ THICKNESS BY CALIBRATED MEASURING MACHINE.

BOARD 1 BOARD 2 BOARD 3 BOARD 4 STACKED
BOARDS
1-2-3-1

0.347 0.334 0.334 0.323 1.339

0.329 0.341 0.321 0.341 1323

0.329 0.325 0.313 0.343 1.303

0.344 0.331 0.344 0315 - 1.330

0.341 0.340 0.340 0.340 1.356

0.338 0.320 0.337 0.331 1.323

0.344 0.331 0.343 0.315 1.329

0.341 0.340 0.33¢9 0.329 1 1.353

0.340 0.324 0.337 0.330 1325

0.334 0.343 0.333 0.332 - 1.334

0.324 0.345 0.313 | 0.343 1.318

0.327 0.335 0.317 0.348 1.319

0.3365-AVG 0.3341-AVG . 0.33175-AVG 0.3333-AVG 1.3293-AVG

- 1.3356-5UM 1-
2-3-4

B. CALIBRATED HFMA ON STACKED BOARDS 1-2-3-4: 1.3150.

:C. RATIO OF MEASURED THICKNESS TO HFMA THICKNESS:
A. AVERAGE BOARDS 1-2-3-4 / HFMA: 1.0157
B. SUM 1-2-3-4 / HFMA: 1.0157
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APPENDIX C

PROCEDURE FOR INTERLABORATORY COMPARISON

INTERLABORATORY COMPARISON
ON

PIMA STANDARD FOR ESTIMATING THE LONG-TERM
' THERMAL PERFORMANCE OF
UNFACED, RIGID, CLOSED-CELL POLYISOCYANURATE FOAM INSULATION

PROCEDURE

ORNL will provide each participant five pieces of sliced polyisocyanurate foam.
Specimen #1 will be approximately 1.35 in. thick. Specimen #2 will be comprised of four
thin slices (0.35 in.) that will be stacked for test purposes. Each piece of foam is marked
with a number In the corner of one major surface for identification and orientation
purposes. ‘

ORNL will provide the following:

a) Date of foam manufacture
b) Date of slicing (t=0)
)} Initial thickness of both test specimens.

Participant shall ensure that their heat fiow meter apparatus is calibrated and that it is
available for the required tests over the 180 day time period.

Determine the thickness, area and weight of each slice of foam. Calculate the volume
and density. ' ‘

Specimen #1 is the 1.35 in. thick foam. Load the specimen so that the mark is facing up
and is positioned at the left-back corner of the apparatus.

Specimen #2 is comprised of the four thin slices stacked so that the marked corners are
facing up and toward the left and back as you face the apparatus. Stack the foam
pieces so that the smallest number is at the top and the largest number is on the
bottom of the stack. This same orientation is required for all tests.

Test specimens #1 and 2 according to the following schedule.

Test 1 01-07-94 & 01-10-94 (Immediately after receiving)
Test 2 01-12-84
Test 3 01-18-94
Test 4 01-26-94
Test 5 02-02-94
.Test 6 03-16-94

Test 7 04-13-94
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Test b 02-02-94
Test 6 03-16-94
Test 7 04-13-94
Test 8 05-11-94
Test 9 06-08-94
Test 10 07-06-94

it is important that you test both specimens on the same day of the week and follow
the schedule shown above. .

Perform all tests at a mean temperature of 75+4°F with a temperature difference of
40 or 50°F.

Record the tests results in Tables 1 and 2. Supply the information requested on the
Laboratory Report Form.

Continue the test sequence until ten tests are completed on both specimens.

Analysis of the Data: Fit the data following the example in ANNEX B. Region 1
should consist of data from tests 1-5 for the stacked thin sliced specimen and from
all ten tests for the thick specimen. Region 2 should contain only data from tests 6-
10 for the stacked thin slices. Perform a least squares method fit on these data sets.
Use this analysis to complete Table 3, Table 4 and Section 7.9. Additional informa-
tion will be provided in the near future.

Between tests all slices shall be stored at 75+ 4°F and 50+ 5% RH such that the
major surfaces are exposed to the air. It is suggested that you allow each slice to
rest vertically on one edge. Avoid face-to-face contact with adjacent slices. At
ORNL, I rest slices loosely on their edges with cardboard spacers between slices (like
a row of books).

Handle the slices with reasonable care to avoid tears and breaks.

Data may be reported in English or S| units but the analyses will be based on English
units for the present.

If there are any questions call R. S. Graves at (615) 574-5978.






63

APPENDIX D

ANALYSIS BY ORNL OF DATA OBTAINED FROM PARTICIPANTS
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