The Case of the
Disappearing R-Value

The latest word on urethane and polyisocyanurate:
The older they get, the worse they look

by Paul Hanke

M ost engineers, architects and builders
probably know that rigid foam insulation
boards (such as polyurethane and polyiso-
cyanurate) have relatively high R-vaues per
inch of thickness at the time of manufacture,
but that these val ues decline as the products
age For thisreason, theproductshavebeen
marketed on the basi's of the so-called "aged
R-value, " which isdetermined by standard
testing procedures.

But now these aged R-values are coming
under fire by the Midwest Roofing Contrac-
tors Association (MRCA). Citing MRCA
field tests of urethane and polyisocyanurate
materials, agroup of panelists at the associa-
tion's convention in November called for
substantial reductions in the previoudy used
R-values.

Background

Rigid foam insulation boards are
manufactured by afoaming processthat gives
them acellular structure. For urethane and
polyisocyanurate, the "foaming agent” is
Freon, which hasahigher resistanceto hesat
transferthan air, resultingin ahigher R-vaue
per inch compared to competing products.
R-vaues at time of manufacture may range
from 7.7 to 91

However, from the time the materid is pro-
duced, the Freon gradudly is lost by
diffuson—that is, it's replaced by gas
(primarily nitrogen and oxygen) from the air.
Just how long this process continues and how
low the R-value falls before reaching
equilibrium is the subject of the present
debate.

The phenomenon of aged R-values has
been recognized for sometime. In 1981, the
Rigid Insulation Committee of the Thermal

Insulation Manufacturers Association
(RIC/TIMA) issued a standard (Bulletin
281-1) to ded with what it called "thermal
drift." The bulletin, based on ASTM testing
procedures, calsfor storing samples at 73.4
F and arelative humidity of 50 percent for
180 days, and then testing the specimensto
determinetheir "aged" R-vaue.
Asareault of this test, which isdesigned

to approximatethe equilibrium R-valuethat
might be obtained in the field, RIC/TIMA
recommended that an aged R-value of 6.25
be used for urethane and isocyanurate pro-
ducts. TIMA members subsequently used
this figure to promote their products, and
peoplein the building professions used it as
a point of reference for long-term perfor-
mance. Now, it is this figure that is being
cdled into question by the MRCA.

The Problem

According to theMRCA, itsown testson
field samples indicate that the R-values of cer-
tain polyurethane and polyisocyanurate
foam boards can "continue to deteriorate” to
the point that they "approach the range" of
R-5—which is about the same value as
cheaper polystyrene products. Asaresult of
its investigations, the MRCA has
recommended that an interim aged R-value
of 5.56 per inch be used until anew industry
standard can be established based on field
tests by "an independent national
laboratory."

MRCA based itsrecommendation on an
analysis of field samples performed for the
association by Dynatech Laboratories of
Cambridge, Mass. According to asource at
MRCA, the association has no quarrel with
the RIC/TIMA test, which the MRCA
believes gives accurate results at the time of
testing, but theMRCA maintainsthat these

results are not necessarily related to what
happens under field conditions.

What Does Happen?

Why does the foam age and experience
lowered R-values in thefirst place? According
to Dr. Leon Glicksman, a mechanica
engineer at the Massachusetts Institute of
Technology who has researched the
phenomenon, the major causes are moisture
and gas diffusion.

Glicksman saysthat al urethane and iso-
cyanurate foams have a "closed" cdll struc-
ture at the time of manufacture, which great-

easly. Surface cracks d contributeto the
problem, of course—and according to Dave
McElroy of the Oak Ridge Nationa
Laboratory in Tennesseg, cracks through the
skin of the boards can be quite common.

Similarly, it takeslonger for escaping (or in-
coming) gases to travel through thicker
samples, so they will age more dowly, dl
other thingsbeing equal. Infact, therate of
diffusion is based on the square of the
thickness; therefore, atwo-inch sampletakes
four times aslong to reach equilibrium as a
one-inch sample

At the same time, a high percentage of
polymer materia in the cell walls should help
to slow diffusion. As currently manufactured,
urethane and related productstend to have
about 20 percent of their material in the cell
walls with the baane in connectirg
"struts," according to Glicksman.

What About Foil?

In theory, the foil facing on many such pro-
ducts should reduce diffusion but
Glicksmansresearch indicates that thisisnot
necessaily the case

Firgt, the aluminum can be too thin, alow-
ing pinholes to penetrate the surface. In ad-
dition, the foil may not adhere well to the
surface of the foam. Voids in the adhesive
dlow gasto move laterally across the surface,
ading the diffusion process that the fail is
meant to resst. On the positive Side, however,
Glicksman says that MIT's research on foil
facings could "improve the product or even
eliminate the problem" in the future.

Asked whether it would help to apply fail
to the edges of unsedled foam boards,
Glicksman points out that the edge is not a
particular problem, as the gas must travel
quite a distance to escape at the perimeter.
(Dave McElroy a Oak Ridge expands on this
by noting that gaswould haveto diffuseonly
half an inch to reach the surface of aone-inch
board, but it would have to travel as much
as a foot to get to the edge)

Can the Freon ever be completely replaced
by air? According to Glicksman, some studies
indicatethat there may bea"reservoir" of
Freoninthe solid material that actsto replace
the Freon logt by diffusion, but other studies
indicate the opposite.

What About Phenalics?

What about the new phenolic foam
boards, which dso alemadewith Freon? Are
they aso subject to "aging," and if 0, to what
degree?

Early research seemed to indicate that
phenolics had a greater percentage of
material intheir cell wallsthan urethane, but
Glicksman now thinks the two materials
may be about the same in this respect. He
notesthat the chemistry of the two plastics
is different, but he could not comment on
the consequences of this differencefor ther-
mal resistance.

As aresault of its investigations, the Midwest
Roofing Contractors Association has
recommended that an interim aged R-value
of 5.56 per inch be used until a new
industry standard can be established.

ly restricts the passage of Freon from the cells
to the surface. But gas exchange does occur
dowly by diffusion through the cell walls,
which gradually causes Freon to be replaced
by other gases until equilibrium isreached.
(This process is driven by the higher pressure
of the Freon compared to that of the air.) Ac-
cording to Glicksman, equilibrium should
occur within one year for one-inch samples.
Therate of diffusion isbased on several fac-
tors, including the percentage of "open” (or
broken) cells, the percentage of materialsin
the cell walls, and thickness of the material.
Broken cells enhance diffusion for obvious
reasons: they permit gasto escape much more

However, Glicksman does say that "very
preliminary” findingsindicate that phenolics
age dower than urethane relatives, so they
may be "dightly superior" in thelong run.
He speculates that it may take four to 15 years
for phenolicsto reach theequilibriumpoint,
adding, "Wejust don't know yet."

A footnote to the MRCA position paper
supporting its recommendation explainsthat
because phenolics have not been in field ser-
vice long enough, they were not includedin
itsstudy. But arepresentative of the Koppers
Corp. recently told methat the company has
in-house data on five-year-old samples that
indicate no declinein R-value. He attributed
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the difference between his company's claim
of R-8.3 per inch and lower R-values reported
by other manufacturers to his firm's
"patented closed cdll structure.” (Dynatech
reportedly is doing research on thismaterial

aswel.)

At the same time, Glicksman notes that
builders in the field have found phenolic
boards to bebrittle and crumbly at the edges,
which is another factor to consider—along
with codt, availability, fire resistance and R-
value—when eval uating competing products.

Evaluating the Tegts

Asmentioned earlier, MRCA bdievesthat
the RIC/TIMA test isreliableat the time of
testing, but it says that the R-values of
urethane and isocyanurate may continue to
decline over time under field conditions.

The standard test doesin fact produce ag-
ing. But Glicksman bdievesthat thetest may
"not be adequate for thicker samples

According to RIC/TIMA materids, the
asocidion isdoing in-placetesting on severa
samples with fiberglass and perlite control
units. Thisdiffersfrom the MRCA research,
which removed samplesfor anaysis, andim-
plies disagreement over more than R-values
done.

Finaly, Dave McElroy points out that
thereis now "abig fuss brewing over how you
actually test thermal conductivity.” Thiswas
to have been discussed at last month's an-
nual ASTM meeting and may add further
fuel to the debate.

What's the Point?

What difference does dl this make to
builders, specifiers and manufacturers?

The difference between the RIC/TIMA
figure of R-6.25 for six-month aged material
and the MRCA interim recommendation of
R-556 is 11 percent. Over the years, this
could make a noticeable difference in the
energy consumption of buildings insulated
with these products—and apparently we still
don't know whether R-5.56 actudly is the
equilibrium value.

Evenif these productsdo stop deteriorating
at R-5.56, this value is very dose to the R-
vaue of less expensive polystyrene board.
And ifthe R-values arethat dose, why would
anyone pay apremium for urethane?

Finally, some liability claims have been
awarded involving insulation products rated
higher than their actua R-values.

In one case, the Wood County Circuit
Court in Wisconsin awarded $42,000 to the
Wisconsin Rapids School District for “excess
energy expense—due to reduced thermal ef-
ficiency" of the urethane insulation board
ingaled on one of its buildings. The
manufacturer had claimed an R-value of 10,
but samples removed from the building and
tested by Dynatech showed an average R-
value of only 7.32.

The amount of the award was based on an
engineer's calculations of the excess energy
that escaped over four years through the
building's 193,000-square-foot roof. Thein-
sulation manufacturer is appedling the
decision.

In another case, the Federd Trade Com-
misson (FTC) filed a complaint in 1983
against a manufacturer of cellulose insula-
tion, charging the manufacturer with
violatingthe FTC's"R-valueRule," whichre-
quiresthe disclosure of coverage-areavalues.
A $42,500 civil judgment was awarded. The
case crested controversy over accepteble
testing methodsfor the "settled density" of
cellulose products.

Given such precedents, specifiers and
sellers of thermal insulation products must
keep an eye on the performance ratings of
such products to avoid potentia claims. If
nothing ese, it would be prudent to err on
the conservative side and try to cover your
fanny in this age of litigation. ll
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