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Isothermal or staticthermogravimetry: In this
technique, the sample weightisrecordedasa
function of time at constanttemperature.

Quasistaticthermogravimetry: Inthis technique,
the sampletemperatureisraisedin sequential steps
separated byisothermalintervals, during which the
sample massreaches stability before the startofthe
nexttemperature ramp.

Dynamicthermogravimetry: In this technique
the sampleis heatedinan environment whose
temperatureischangedinalinear manner.

Cone Calorimeter:

Acone calorimeterisadevice used to study the
fire behavior of small samples of various materials
incondensed phase. Itis widely usedin the field of
Fire Safety Engineering. It gathers dataregarding
theignition time, mass loss, combustion products,
heatrelease rate and other parameters associated
withthe sample’s burning properties. This test can
be conducted based ontwo standard tests, ISO 5660
and ASTM E 1354.The principle of cone calorimetry
isbased on the measurement of the decreasing
oxygen concentrationinthe combustion gases ofa
sample subjectedtoagiven heatflux(ingeneral from
10to 100 kW/m2). The measurements of gas flow
and oxygen concentration are used to calculate the
quantity of heatrelease per unit of timeand surface
area: heatreleaserate (HRR) is expressedin kW/
m2. Directly measured propertiesinclude, rate of
heatrelease, smokerelease rates, time toignition,
effective heat of combustion, critical ignition flux,
rates of release of toxic gas (e.g., carbon oxides)and
masslossrates.

NBS smoke Density chamber:

The Smoke Density Chamberis used widelyinall
industrial sectors for the determination of smoke
generated by solid materialsand assembliesmounted
inthe vertical position within a closed chamber.
It measures the specific optical density of smoke
generated by materials when an essentially flat
specimen, upto 25 mmthick, isexposed toaradiant
heatsource of 25 kW/m?2, ina closed chamber, with

orwithoutthe use of a pilot flame. This test can be
conducted based on two standard tests, ISO 5659-2
and ASTM E662. Smoke densityinairis measured, by
having a beam of light of known intensity a given
distance away and measuring how much light gets
through. The NBS Smoke Chamber (or smoke box)
dataisusually presented graphically as cumulative
optical density versus time curves.

Limiting Oxygen Index:

Limiting Oxygen Index Testing (LOI), isa very widely
used methodfordeterminingthe relative flammability
of polymeric materials. Anumerical index, the LOI,
is defined as the minimum concentration of oxygen,
expressed as a percentage, in a nitrogen/oxygen
mixture, whichisrequiredtojustsupport combustion
of the test sample under conditions of the test.
The higherthe value of the LOl the greater the fire
retardancy. Thistest can be conducted based ontwo
standardtests, 1SO4589-2 and ASTM D2863.

Inthis test, asmall specimenis supported vertically
inamixture of oxygenand nitrogen flowing upwards
through atransparentglass chimney. The top of the
specimenisignited, and observe the subsequent
burning behavior, suchas burninglengthandburning
time, to determine whetherthe specimenisignited
ornot. By testing aseries of specimens in different
oxygen concentrations, the limited oxygenindexis
determined by the particular calculation.

onclusion

A fundamental study about PIR foams, their
productionreaction, properties,commonapplications
andthebasicintroductiontosomeanalytical methods
forthermalstability measurements was presented.

M.A.Semsarzadeh, A. H. Navarchian, Effects of NCO/OH Ratio
and Catalyst Concentration on Structure, Thermal Stability, and
Crosslink Density of Poly(urethane-isocyanurate), Journal of
Applied PolymerScience, Vol.90,963-972 (2003).

Juan P.Hidalgo etal. Fire performance of charring closed-cell
polymericinsulation materials: polyisocyanurate and phenolic
foam, Fireand Materials. 1-16 (2018).

GIUSEPPE VAIRO et al. Enhanced Polyisocyanurate Foams for
Metal Faced Panels, Dow ItaliaSrl, (2016).
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rimerization Reaction

Thereactionsthat lead to the formation of
isocyanurate structure are described by the following
expressions:

R
o N o
3 R—N—C—O0 Catalyst Y Y
N N N
o

Usually, isocyanateis usedin large stoichiometric
excessinthe overall foam formulation to facilitate
reaction of oneisocyanate with another. Isocyanate
reactiontoformringstructuresisfurther promoted
by employing catalysts known for specifically forming
isocyanuraterings.

The low-index foam insulations exhibit behavior
closelyresembling urethanes, since urethanes are
producedatclosetoal/1 polyisocyanate/polyolratio.
Asthisratioisincreased, the trimerizationreaction
occurs,andtheimproved properties associated with
PIRinsulations become evident.

Since polymers containing too few isocyanurate
rings do not possessthe desired propertiesand those
containingtoo manyisocyanuraterings are brittle
andfriable, itis necessarytoevaluate and control the
amountoftrimergroupsformed.

Isocyanate excess is expressesasisocyanate index:
index>1 correspondsto NCO/OH ratio higherthan
stoichiometric. Typical Reaction characteristicsand
process parameters of PIR systems are presentedin
Table2.

Table 2. Typical Reaction characteristicsand process
parameters of PIR systems

PIR foam Properties

What makes PIR an attractive insulationisits low
density, good compressive resistance, excellent
thermal conductivity, high closed-cell content, low
waterabsorbance, low water vapor permeability,
and excellent flame and smoke performance.
Ease of fabrication and installation are also key

characteristics associated with PIR insulation. The
biggest fundamental characteristics of PIR foams
areimprovementsin dimensional stability, higher
Compressive Strength, Flame resistance and Smoke
reductionand higherthermal stability.
Polyisocyanurate insulations are produced in
bunstockform, either continuously orindividually box
poured. PIR bunstockiswidely usedas pipeand vessel
insulation. PIRSandwich panelsarealso widelyusedin
commercialandindustrial steel building construction
forexternal walls, roofs, and ceiling panels.

hermalcharacterization of the PIR foams

Inordertoidentify the potential fire hazards to
life safety frominsulation materialsin buildings,
numerous methodologies have been proposed based
ontheir material behavior under severe conditions
of heat exposure for example, Thermogravimetric
analysis (TGA), Cone Calorimeter, NBS smoke Density
chamberand Limiting Oxygen Index (LOI).

GA (Thermogravimetricanalysis)

Thermogravimetricanalysis (TGA)is ananalytical
technique used to determine a material’s thermal
stability and its fraction of volatile components by
monitoring the weight change thatoccursasasample
isheated ata constantrate. Thermogravimetric
analysis (TGA) is conducted on an instrument
referred to as a thermogravimetric analyse. A
thermogravimetricanalyser continuously measures
mass while the temperature of asampleis changed
over time. Mass, temperature, and time are
considered base measurementsinthermogravimetric
analysis while many additional measures may be
derived fromthese three base measurements. This
testcan be conducted based ontwo standard tests,
ASTME1131andISO11358.

The thermogravimetric data collected from a
thermal reactioniscompiledinto a plot of massor
percentage of initial mass on the y axis versus either
temperature ortime onthe x-axis. This plot, whichis
oftensmoothed, isreferredtoasaTGAcurveandltcan
scanoverawiderange of temperature (25—1200°C).
Therearethreetypesofthermogravimetryasbelows:
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This research studies the structure, history,
preparation and properties of polyisocyanurate-
polyurethane foams as avery promising thermal
insulation material. Polyisocyanurate (PIR) foamis
athermoset polymericthermalinsulation material
increasingly usedin construction and industry, with
significantly lowerthermal conductivity than others
duetoitsfinestructureandlow conductivity blowing
gases. Furthermore, applications of PIR foams are
briefly discussed. Finally, common methods and
standards for measuring thermal stability of PIR and
PUR foamsincluding Thermogravimetric analysis,
Cone calorimeter, Smoke density Chamber, Limiting
OxygenIndexare presented.

Key Words: Polyisocyanurate, PIR, Thermal
Insulation, Thermal Stability, Thermogravimetric
analysis, Cone calorimeter, Smoke density, Limiting
Oxygen Index

Introduction

Polyurethanes are organic chemicals, like other
organic materials, if they exposed to a sufficient
source of heat, are flammable and may cause
irreparable catastrophesand damage. Moreover, the
physical structure of Polyurethane has effect ontheir
flammability, for example soft polyurethane foams
that contain open cells, in which they can penetrate
high volumes of oxygen, which isa majorreasonfor
theignition. Therefore, itisnecessarytotake actions
toreduce the flame retardant potential of these
materialsand ultimatelyincrease theirfire resistance.

Conventional methods used forimproving the fire
retardancy of urethane foamsinclude the addition
of phosphorus-, halogen-, and nitrogen-containing
compounds. They have some obvious shortcomings
such asrelatively high smoke evolution andinferior
physical and mechanical properties. Hence, many
effortsinthe technical and patent literature have

been made to modify polyurethane foamsinto low-
flammability foams by the incorporation of more heat-
resistant groupssuch as carbodiimide-,isocyanurate-,
and nitrogen-containing heterocycles.

In1967, the class of materials known as urethane
modified polyisocyanurate (PIR) foams was
introduced. These compounds are essentially an
improvementon PU insulations, offeringimproved
thermal stability, flame resistance, chemical
resistance, and dimensional stability. During PIR
production, the polyol and polyisocyanate reaction
takes place at highertemperatures when compared
to PU production. This allows excess isocyanate
toreact with itselfin whatis called trimerization,
producing strong chains of isocyanurate crosslinks.
These crosslinks are strongerthan normal PU bonds.
Therefore, they are more difficult to break, resulting
intheimproved properties.

PIR candeliverthe same or betterthermalinsulation
(Rvalue)than polyurethane (PUR) foams, with better
thermal stability and fire behavior (Table 1). PIR foams
exhibit better fire properties than PUR ones, due to
the presence of isocyanuraterings, coming from the
cyclotrimerization reaction ofisocyanates. The higher
theisocyanate excess (expressedasisocyanateindex),
the highertherelative concentration ofisocyanurate
rings to urethane and/or urea bondsin the polymeric
foam backbone, the betterthe fire performance will
be.Thisresearch studiesthe structure, preparation
and properties of polyisocyanurate-polyurethane
foams.

Table 1. Dissociation of Polyurethane Foam Linkages
at Different Temperatures

Dissociation
Linkage temperature (°C)
Allophanate 100-120
Biuret 115-125
Urea 160-200
Urethane 180-200
Disubstituted urea 235-250
Carbodiimide 250-280
Isocyanurate 270-300













