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Open Cell Versus Closed Cell Phenolic Insulation

Introduction 
The release of the SMACNA Phenolic Duct Construction 
Standard (PDCS) has seen the popularity of phenolic pre-
insulated ductwork panels increase. The new Standard requires 
a pre-insulated phenolic duct system to have a variety of 
attributes, such as to be UL listed as a Class 1 Air Duct to 
Standard for Safety UL 181. 

In order for an HVAC Ductwork system to become UL 
Listed, the pre-insulated panels are extensively tested for 
their safety in areas such as corrosion, erosion, burning and 
flame penetration. However, the test does not require the 
panels to be closed cell, which is a common misconception. 
When comparing different phenolic rigid insulation panels, it is 
important to distinguish between ‘open cell’ and ‘closed cell’ 
structures, as their respective performance characteristics  
vary widely.

Open Cell Insulation
During the manufacture of cellular insulation, ‘blowing agents’ 
are used to fill the cells within the insulation with a low thermal 
conductivity gas, instead of using air. The effect of replacing 
the air with a blowing agent will reduce the measured thermal 
conductivity of the material.  

In an open cell Insulation, the blowing agent forms 
irregular pockets that are linked together into a continuous 
interconnected capillary network. The pockets, or cells, are 
open and so the blowing agent can quickly dissipate into the 
atmosphere after manufacture. This could be damaging to the 
ozone layer, should the blowing agent used be classed as an 
Ozone Depleting Substance (ODS), such as a CFC or HCFC 
blowing agent variety. A technical bulletin covering ODSs is 
available at:

www.kingspaninsulation.ae/CFC/HCFC-free 

Additionally, immediate transfer of air or water vapour is 
enabled through the ‘open’ or ‘porous’ interconnected material 
structure, just like a sponge. Therefore, an example of an 
open cell foam is the bath sponge where water can easily 
flow through the entire structure, displacing the air. By the 
same token, an open cell insulation has a structure that allows 
moisture and vapour to permeate through it.

Closed Cell Foam
By contrast, closed cell materials are much more complex.  
They feature millions of unconnected microscopic and intact 
bubbles, which effectively contain the blowing agent over a long 
period of time. Consequently, the thermal performance of a 
closed cell rigid insulation can be maintained over the lifetime  
of the product.

Closed cell insulation materials also have higher dimensional 
stability and low moisture absorption coefficients, when 
compared with open cell insulation. Pool noodles are an 
example of a closed cell foam, the gas pockets are sealed from 
each other, so the noodles do not allow moisture ingress. The 
absence of moisture ingress through an insulation material will 
enable the insulation to effectively resist heat transmission, as 
water is a good conductor of heat. 

Measuring Closed Cell / Open Cell Content
The qualitative differences between closed and open cell 
structures can be measured accurately using a pycnometer, 
which measures the impenetrable volume of gas through 
the sample. Test methods should conform to EN ISO 4590 
standards (or equivalent), and the product tested should 
be easily identified on the test report by its product name, 
description and any other definitive characteristics reported, 
such as the insulation density.

What Does this Mean for Phenolic Insulation 
and its Impact on Thermal Performance?
For closed cell phenolic insulation, the thermal conductivity, also 
known as the lambda value, of the insulation is directly related 
to the lambda value of the blowing agent that is used during the 
manufacture of the insulation, and that sits inside the cells. The 
retention of this blowing agent, in a closed cell structure, is what 
delivers a high thermal performance. 

In open cell phenolic insulation, blowing agents leak out of 
the porous material, being replaced by air. The degree of 
movement through the body of the material is dependent on 
a range of factors, including the size and density of the cells, 
moisture ingress, as well as the chemical composition of the 
material itself. This can have the effect of reducing the thermal 
performance of the product by around 50%.

Standards and regulations across the globe prescribe thermal 
performance for HVAC ductwork systems, as it is widely 
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U.A.E. Manufactured 
Open Cell Example Kingspan KoolDuct®

 Open cell content >95% <10%

CFC/HCFC-free
HCFC 141b  
detected

none

 UL 181 Listed Yes Yes

Table 3: Open versus closed cell: a side by side comparison

Figure 1: Table from Ashrae 90.1

Figure 2: Table from BS 5422: 2009

Figure 3: Section from Al SA’FAT - Dubai Green Building Evaluation System

Kingspan KoolDuct TM - a Closed Cell  
Phenolic Foam
Kingspan KoolDuct TM panels comprise a premium 
performance fibre-free rigid thermoset phenolic 
insulation core with a closed cell content of >90%. This provides 
a very low thermal conductivity (lambda value λ) and, in turn, a 
very high R-value. Its sound cell structure, tiny cell diameter and 
CFC/ HCFC-free blowing agent clearly distinguish it from  
its competitors. 

The above table clearly shows that when closely comparing two 
UL 181 Listed ‘equivalent’ pre-insulated phenolic panels, vast 
differences can be seen. The CFC/HCFC content, open-cell 
content and, as such, thermal conductivity and R-value all differ 
between the two, concluding that underneath the microscope 
their performance can differ hugely.

Questions You Should Ask
Below are some important questions you should ask when 
comparing UL 181 pre-insulated phenolic panels.

l  What is the open cell content of the product? 
  Remember that high open cell content means lower thermal 

performance in the long-term.

l  Is the insulation material using a CFC/HCFC-free  
blowing agent?

  Open cell materials will cause blowing agents to disperse 
into that atmosphere and, should this be a CFC or HCFC 
variety of blowing agent, this could cause Ozone Depletion 
and Global Warming.

l  Have aging standards been applied to the Lambda or 
R-value declarations?

 Aging standards take into account the long term thermal   
     performance of the product, not its performance  
 immediately after manufacture.

From looking at figures 1 & 2, we can deduce that a higher 
thermal conductivity will require a thicker insulation to be used. 
Closed cell phenolic insulation, which has at least 90% closed 
cell content, can produce approximately double the R-value of 
open cell foams. 

The salient point is that porous, sponge-like characteristics are 
not ideal features of insulation. Quite simply, any flow through 
an insulating material is defeating its purpose, as it facilitates 

recognised that thermal performance of the insulation used 
within a ductwork system can impact heavily on its performance 
and efficiency. 

Two examples of these standards are Ashrae 90.1: 2010 
(Energy Standard for Buildings Except Low-Rise Residential 
Buildings) and BS 5422: 2009 (Method for specifying thermal 
insulation materials for pipes, tanks, vessels, ductwork and 
equipment, operating within the temperature ranges -40°C  
to +700°C).

unwanted energy transference. This is why only an aged thermal 
conductivity is a true representation of the performance of a rigid 
insulation and should be used for declaration; not the thermal 
conductivity  achieved immediately after manufacture. Aging 
standards recognise the effect of leakage and stipulate that 
declared values should take this into account to gain a more 
accurate measure of the long term performance of an  
insulation material.
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