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Study on intumescent

steel structure fire-retardant coatings

Abstract

Fire loss is one of the major tragedies of modern civilization, and the
construction fire hold the first place in conflagrations all over the world. The
efficient fire-retardant coatings are used to reduce the severity of fire or delay its
effect.

The use of steel framework as a method of building construction is
commonplace. Much of the world's steel production goes into building
construction. Steel framed buildings offer many advantages over traditional
methods of construction but suffer one major disadvantage, namely that in the
event of fire in the building the temperature of unprotected steel quickly increases
to a point where the steel “ soften”, loses its rigidity and compromises the integrity
of the structure. With time, the building will collapse but long before this happens
the flexing of the structure will cause paneling, cladding etc to break loose posing a
significant hazard to people trying to evacuate the building and to fire fighters
trying to contain the blaze. The simplest and effective way to try to overcome the
above mentioned disadvantages of steel framework is in some way to insulate the
steel. Intumescent coatings are the most useful insulation systems in common
usage.

To intumesce means to swell and to char. In ssmple terms, when exposed to

heat, intumescent coatings become plastic and produce non-flammable gases such
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as carbon dioxide and ammonia; the gases are trapped by the film converting it to a
foam several or less than 100 times as thick as the original coat film on the surface
of the steel; at this stage the system solidifiers, resulting in a thick,
highly-insulating layer of carbon, which effectively protects the substrate from the
fire. The maor benefit of these intumescent materials over the various other
options available is that under normal conditions they take up virtualy no
space(typical coating thicknesses are in the region of 1mm) and they add virtually
no additional weight to the structure.

The intumescent part of the fire resistant coating system comprises three
distinct components, namely a catalyst, a charring agent and a blowing agent. The
three component intumescent material, a rheology modifier and a filler are mixed
with an organic polymeric binder.

Several series of intumescent seel structure fire-retardant coatings(lSSFRC)
was prepared. The objective of this dissertation was to study the influence of
polymeric binder’s amount, charring agent’s amount, charring agent’s types, the
ratio of compound charring agent, compound blowing agent’s amount and ratio,
filler’s amount and types on the properties of ISSFRC.

Each sample's fire-resistance was determined by exposing the painted panels
to Bunsen burner flame.

The fire-protective properties of intumescent coatings depend on the char cap
height. The effect of each factor on ISSFRC's dilatability was studied : the
dilatability increases with the polymeric binder’'s amount decreasing; NO.1
charring agent is superior to No.2&3 in improving ISSFRC's dilatability; the
proper ratio of compound charring agent is the most important factor to improve
the ISSFRC's dilatability; and the expected result is to be got if the blowing agents
amount & ratio in optimum range.

The foams structure and porosity are the important factors of the
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fire-protective properties of intumescent coatings. Nikon Optimas optical
microscope was used to study the influences of each factor on the micro-strcucture
of foamed chars, which provides strong base to attain the honeycomb foam, and
this measurement is novelty in some extent.

Since the intumescent shield consists of a mixture of a solid and aliquid phase,
the importance of the visco-elastic properties of this layer is evident. the effect of
the ratio of the compound charring agents on the dynamic mechanics thermal
properties of ISSFRC was studied by Rheometric scientific DMTA 1V, which is
rare in open literatures.

The chemical structure of the foam takes great effect to the fire-protective
properties of intumescent coatings as well. some significative results was obtained
through using X-ray diffraction to study the influence of each factor on the exterior
& interior of the foam, and these works have not yet been reported before.

Based on the above series of experiments, some helpful results and rules were
derived in this dissertation. And the optimal composition of ISSFRC is as the
following: compound polymeric binders, compound blowing agent, compound
charring agents which are first to adopt, and the function fillers which can restrain

smoking and strengthen the foamed char.

Key words: fire-retardant coatings;  ultrathin intumescent;  steel structure.
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