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TECHNICAL 
TRENDS 

MARK BOMBERG, PH.D . 

The evolution of insulation research 

F 
ew construction materials have 

undergone more changes than 

thermal insulation over the last 

two decades, and few products have 

been so well adapted to fit market needs. 

But insulation continues to be selected 

for its perceived field performance, 

rather than on the basis of accurate labo

ratory tests and, in many cases, scien

tists have yet to develop lab tests to sim

ulate the field. 

The challenge is to characterize the 

key factors affecting the field perfor

mance of thermal insulations - settle

ment of loose fills, aging of gas-filled 

foams, effect of air flow on glass-fibre 

insulations, effect of moisture on ther

mal performance of all insulations -

and to develop lab tests that reproduce 

field conditions. 

Older insulations were extensively 

tested under both field and laboratory 

conditions, but this has not been done 

with many of the newer products. And 

while field test results sometimes con

firmed the predicted values, this was not 

always the case: agreement between lab 

and field data often depended on con

struction design and workmanship. 

LAB AND FIELD RESULTS MAY DIFFER 

One well-publicized case of disagree

ment occurred in the early 1980s when 

scientists at a Canadian university stud

ied preformed, loose-fill glass-fibre in

sulation that had been pneumatically ap

plied to attics. When observed in the 

field, it became apparent that convective 

cells caused a significant reduction in 

thermal performance, but since labora

tory testing did not simulate the interac

tions between heat and air flows, it did 

not predict this decline in field perfor

mance. 

In response to these findings, a Cana

dian insulation manufacturer developed 

a new product which was immune to 

convective effects, and the Canadian 

Standards Association modified its stan

dard to require that loose-fill products 

achieve a minimum thermal resistance. 

Manufacturers in the United States 

did not follow suit. In fact, a recent re

port from Oak Ridge National Labora

tory noted that full-scale measurements 

of one loose-fill glass-fibre product 

showed a discrepancy of more than 30 

per cent between predicted and mea

sured full-scale performance. 

Air movements can compromise the 

thermal performance of glass fibre in 

wall applications as well. Windwashing 

is a particular) y important factor: if wall 

construction permits wind to enter and 

exit at different places in the building 

envelope, reduced thermal performance 

of the insulation may be expected. This 

problem can be solved by increasing 

density of the glass-fibre batts (dubbed 

'high-performance batts') or applying 

loose-fill material pneumatically with a 

water-based adhesive in a 'blown-in 

blanket' system, where glass fibre is 

used with a density up to 24 kg/m'. 

Lab and field data may also differ in 

the case of foam insulations, which are 

made of polymeric materials (including 

polyurethane, polyisocyanurate, pheno

lic, or extruded polystyrene) that have 

been expanded during manufacturing by 

a blowing agent, making them light and 

rigid. They are made into boards in the 

factory or sprayed in place in the field. 

Originally there is no air in the cells, 

only the blowing agent, but eventually 

the outside air diffuses into the foam and 

the blowing agent diffuses outward, 

changing the mixture of gases in the 

cells. ·This not only alters the thermal 

performance (creating what is referred 

to as 'thermal drift'), but also causes the 

foam to swell or shrink as a result of 

changes in the cell-gas pressure. 

PERFORMANCE ASSESSMENT 

The challenges for scientists studying 

foam insulations have been to develop 

laboratory techniques and perform rapid 

tests that accurately predict what would 

happen in the field many months or 

years later. Scientists at the National Re

search Council's Institute for Research 

in Construction have developed a 

methodology for assessing performance 

and life span using ultrathin layers of in

sulation material ranging in thickness 

from 5 to 10 mm. This technique allows 

researchers to simulate up to 25 years of 

thermal performance in six months, and 

is being validated by comparing pre

dicted results with those measured on 

samples exposed to controlled labora

tory and field conditions. 

Seventeen foams from both Cana

dian and U.S. manufacturers are under 

investigation, and the Canadian foam in

dustry believes this project will establish 

the baselines for developing insulation 

products for the 21st century. 

A major impetus for the development 

of reliable lab tests for foam insulations 

has been the need to replace chloro

fuorocarbons (CFCs), which until re

cently have been used as blowing agents 

for foamed plastic insulations. CFCs are 

non-toxic, non-flammable, non-corro-

Continued on page 36 
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sive stable gases. However, they gradu

ally escape the cellular structure of the 

plastics, rise to the ozone layer and 

break it down, eliminating this section 

of the atmosphere, which protects Earth 

from the sun's ultraviolet radiation. 

When the extent of the ozone problem 

became apparent, an international agree

ment of United Nations' countries, 

known as the 1987 Montreal Protocol, es

tablished a plan to cut CFC emissions in 

half by 1999. This meant, among other 

things, that the foamed plastics insulation 

industry had to fmd new blowing agents. 

In co-operation with the Society of 

the Plastics Industry of Canada, IRC un

dertook several studies into CFC re

placement. It soon became clear that 

new blowing agent 'B' would not sim

ply replace blowing agent 'A'. The new 

agents reduced thermal resistance, yet 

increased costs: to maintain the perfor

mance and cost levels obtained with 

CFC agents, researchers had to look for 

new technology. 

Tests began with sprayed poly

urethane foam insulation. A generic 

foam - Base 88 - was developed for 

test purposes using the best available 

technology at the time (1988), and pro

duced for investigation by three compa

nies (BASF Canada, ICI and Demilec 

Inc.). Two hydrochlorofluorocarbons 

(HCFCs), which have much less harm

ful effect on the ozone layer than CFCs, 

were selected as the blowing agents. 

So far, research has demonstrated 

that the sprayed polyurethanes manufac

tured with HCFC blowing agents have 

long-term thermal performance identi

cal to that of products made with the tra

ditional CFC-11. A second stage of the 

work, now underway, has begun to ad

dress the more complex issue of replac

ing CFCs in laminated boardstock ther

mal insulations. 

For foam insulations, as for all insu

lation products, the key to current re-
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search has been to accurately predict in 

the laboratory what will happen in the 

field. The fragmented, often arbitrary 

lab methods of the past are proving too 

vague to form the basis of manufactur

ing or installation decisions. 

It has been essential that laboratory 

testing evolve to become more compre

hensive and authentic, because insula

tion manufacturers cannot wait years for 

product evaluations and the market is 

equally impatient, especially in Canada 

where good thermal insulation makes 

the difference between an unsuitable 

building and a comfortable one. m 
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