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Abstract. The analysis of the existing regulatory documents in the field of
quality control of fire-resistant treatment of various products and structures
is carried out. The history of the development of the system of rationing the
quality of fire protection is described. Information about the new standard
for quality control of fire protection is provided. An example of application
of methods of quality control of fire-retardant treatment is presented: the
algorithm of quality control of two intumescent coatings, one taken from the
existing facility, and one chosen as a control sample (the certified
intumescent paint) has been practically executed. As a result, it was
established that the existing quality control methods, including methods of
thermal analysis, can provide adequate results and should be used
ubiquitously.

1 Introduction

At present, the complex of issues of quality control of the fire retardant works carried out at
various construction sites is quite acute, since in some cases the executing organizations do
not exclude options for saving money on the fire retardant materials used, provided that in
appearance, ordinary paint coatings are very similar to fire retardant thin-layer coatings [1,2].

In addition, the manufacturer, as a rule, indicates the service life of a fire retardant coating
at his own discretion, without having a serious technical justification for this. The situation
with the real fire protection of structures and products in many cases raises doubts, especially
in those cases when fire protection objects were processed more than 5 years ago [3.,4]. In
practice, the determination of the type of material used and the quality of the fire retardant
work carried out is not yet widely used, since it is not a very simple and mastered procedure
[5-7]. All this leads to the need of developing and improving the system for assessing control
of the state of fire protection at facilities.
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General questions of the methodology and methods of documentary and visual control at
one time were set out in Russian document NPB 232-96 [8]. In addition, this document notes
the need for appropriate control during the operation of fire-protected facilities, namely, to
the procedure (organization) of monitoring compliance with the requirements of regulatory
and technical documentation (RTD) for fire protection means. At the same time, the goal is
the same - the production, use and operation of fire protection equipment must comply with
the requirements of RTD.

The Guidelines for Fire Protection of Wood No. 2 describes a method for visual
assessment of the quality of fire-retardant treatment of structures and wood products with
compositions that form a coating layer on the surface (varnishes, paints, pastes, coatings,
etc.). For a qualitative assessment of the effectiveness of fire retardant treatment of such
structures with the use of impregnating fire retardants, this Guide proposes an assessment
method using a small portable device.

In 2004, the Guidelines for the fire protection of textile materials «3» were published,
including some issues of quality control of their fire protection.

In 2011, the FGBU VNIIPO EMERCOM of Russia developed the Guidelines
«Assessment of the quality of fire protection and the establishment of the type of fire
retardant coatings at facilities» [9], which sets out a generalized comprehensive approach to
the problem of quality control of fire protection works, including different levels of
complexity and objectivity of the assessment.

The first stage implements an evaluative approach using control according to the
submitted documentation, visual control, measurement of the thickness of the fire retardant
layer and control using express methods.

The second one is more accurate and informative using the methods listed above, the final
stage of which is the comparative experimental identification tests of the samples of fire
retardant coatings selected at the facility. These tests are carried out in laboratory conditions
using thermal analysis methods - TA [9].

In 2019, Russian SP (set of rules) No. 433.1325800.2019 «Fire protection of steel
structures» was published. Rules for the production of works [10] (Approved by the Order
of the Ministry of Construction and Housing and Communal Services of the Russian
Federation No. 38 / pr dated January 24, 2019 and entered into force on July 25, 2019).

Section 6.3 «Acceptance of fire protection works» is devoted to the assessment of the
quality of the performed fire protection works.

The section also corresponds to the Guidelines [9]. As in [11], the definition of adhesion
is added.

On the instructions of the Russian Emergencies Ministry in 2020, GOST R «Means for
fire protection of buildings and structures. Fire protection means. Methods of quality control
of fire protection works during installation (application), maintenance and repair» (final
version approved by TC 465 «Construction» and TC 274 «Fire safety»).

The main section of this standard is «Methods of quality control of fire retardant works
during installation (application), maintenance and repair».

The first control method is control according to the submitted documentation. This
section provides information and requirements for the documentation required for quality
control.

The second method is visual inspection. The section establishes requirements for visual
inspection.

The next section is devoted to measuring the thickness of the fire retardant coating. It sets
out the requirements for the accuracy of thickness measuring instruments depending on the
thickness of the coating. The average value of the thickness of the fire retardant coating must
comply with the requirements of the technical documentation for the fire protection means
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and the fire protection project (or the project for the production of works). The average value
of the thickness of the fire retardant coating must be at least the design one.

The section «Methods of quality control of fire protection works for various types of fire
protection object» includes: a method of quality control of fire protection work for wooden
structures, quality control of fire protection work for textile materials and quality control of
fire protection work on metal.

The standard also includes quality control of fire retardant works for intumescent fire
retardant coatings and a method of quality control of fire retardant works using thermal
analysis methods.

An important section is the procedure for applying quality control methods for fire
retardant works during installation (application), maintenance and repair.

The content of these sections fully reflects the fire safety requirements necessary to fulfill
the quality control of fire protection.

2 Materials and methods

The main methods of quality control of fire protection works carried out at the fire protection
facility are:

- control over the submitted documentation;

- visual control and express control methods;

- control using measuring and experimental methods.

Express control methods include:

- a method for assessing the quality of fire protection of wood treated with impregnating
compounds using a small-sized portable device;

- a method for assessing the quality of fire protection of textile materials treated with
impregnating compositions, based on the signs of ignition of material samples as a result of
exposure to a burner flame;

- determination of the coefficient of swelling of the coating samples.

The group of measuring and experimental methods includes methods for measuring the
thickness of fire retardant coatings using various measuring instruments, as well as methods
of thermal analysis (TA), which are used to identify (establish the type) of the material used
and the quality of the fire retardant coating [12-14].

Express control methods characterize only a qualitative assessment of the conducted fire
retardant treatment.

Evaluation of the quality of fire-retardant processing of textile materials with
impregnating compounds is carried out very rarely, since it requires fabric samples of a
sufficiently large size [15]. If such samples were not prepared in advance at the facility
together with fire-resistant products, then it is not possible to cut them from the products in
use.

The method for assessing the quality of fire-retardant wood treatment with impregnating
compounds [16-18] using a small-sized portable device is based on an assessment of the
flammability of wood shavings.

Methods for determining the swelling coefficient of coating samples have been used not
so long ago. It is determined for any intumescent coatings, regardless of the material of the
object of protection (wood, metal, cable sheaths, etc.) [19,20].

To determine the swelling coefficient of coating samples, tests are carried out in
accordance with the Guidelines [9].

The samples are applied on a non-combustible substrate and placed in an oven at a
temperature of 600 °C and being exposed to heating for 5 minutes to obtain an expanded
layer.

The swelling coefficient K is determined by the formula:
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K=h/ho (6N

where h is the thickness of the expanded layer, mm;
ho is the initial thickness of the coating sample, mm.
Measurements of h and ho are carried out in sections of five samples. The swelling
coefficient is defined as the arithmetic mean of five measurements. The appearance of typical
samples before and after testing is shown in the figures 1 and 2.

Fig. 1. Appearance of samples before testing.

Fig. 2. Appearance of samples after testing.

From the measurement methods, one should be described in more details, and it’s thermal
analysis.

Evaluation of the quality of fire retardant coatings can be carried out using TA equipment
on the basis of a qualitative and quantitative comparison of thermoanalytical dependences.

To carry out experimental studies using thermal analysis methods, the following types of
devices were used:

- modular, in which each method is executed by one device (for example, only
thermogravimetry (TG) or only differential thermal analysis (DTA);

- combined, in which separate methods (TG, DTA or differential scanning calorimetry (DSC)
are executed by one device;

- with horizontal or vertical placement of reaction chambers and weighing mechanisms.

To obtain the required characteristics of the samples and the thermoanalytical
characteristics of the investigated fire retardant coatings, we used an automated
thermoanalytical system «Derivatograph S» and a multimodular device «Du Pont 2100». The
derivatograph makes it possible to study materials in the form in which they are actually used
in practice, and the Du Pont multimodular complex makes it possible to minimize the
diffusion component of the experiment as much as possible.

Simultaneous control of the device operation, observation of the shooting progress in real
time, data accumulation (TGA and DTA) in the form of experiment files, as well as
processing of the results obtained, in the case of using the Derivatograph, was carried out
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using a computer equipped with specialized software for a multi-module device - using
special application programs.
The instruments were calibrated against reference substances recommended for use by
the International Committee for Thermal Analysis (ICTA) and a reference (verified) weight.
To obtain the identification characteristics of the samples, the automated modular
thermoanalytical system «Du Pont -9900» was used (the license is established by the serial
number - No. 1228). In our case, only the TGA-951 thermal balance unit was used to
accomplish the task.
Thermoanalytical system (in a two-module connection option is shown in figure 3)
included:
- computer (color display and system unit);
- standard interfaces connected to the system unit;
- thermal balance TGA-951;

Fig. 3. Appearance of the TA device: 1 - thermal balance oven; 2 - replaceable oven; 3 - quartz tube; 4
- clamping nut; 5 - thermal balance mechanism; 6 - skids; 7 - fan; 8 - control panel; 9 - ruler 40 cm.

3 Results and discussion

An example of comparing the results of thermal analysis of the coating of the fire-retardant
«POZ-Vy» is presented below. Typical averaged thermoanalytical curves - TG, DTG and DSC
are presented in figures 4-5; for clarity, fig. 6 shows the aligned curves for samples from the
object and the standard.

DSC AmVt/mg] TG

400 500
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Fig. 4. Typical thermogravimetric curves of samples No. 1 and No. 2 of a fire retardant coating from
metal structures of an object; 1 - TG curve (weight loss); 2 - DTG curve (rate of mass loss); 3 - DSC
curve (heat transfer rate); atmosphere - air; heating rate - 20 °© C / min.
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Fig. 5. Typical thermogravimetric curves of samples - the standard identifier «Fire-retardant coating
«POZ-V»; 1 - TG curve (weight loss); 2 - DTG curve (rate of mass loss); 3 - DSC curve (heat transfer
rate); atmosphere - air; heating rate - 20 © C / min.
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Fig. 6. Combined averaged thermoanalytical curves of samples from the object and the identifier - Fire-
retardant coating «POZ-V»; 1 - TG curve (weight loss); 2 - DTG curve (rate of mass loss); 3 - DSC
curve (heat transfer rate); atmosphere - air; heating rate - 20 °© C / min.

Comparison of the results of thermal analysis according to the averaged curves of the
studied samples of fire retardant coatings showed that the destruction of the samples proceeds
in a similar way, regardless of the investigated coating, namely:

- at the first stage, in the temperature range from 30 to 230 °C, the release of volatile
components (mainly - weakly bound water) occurs, which is accompanied by heat absorption
(confirmed by the presence of endothermic peaks on the DSC curve;
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- in the temperature ranges of 450 - 650 °C and 700 - 800 °C, weight loss is accompanied by
small endothermic effects, which corresponds to dehydration of the binder (confirmed by the
presence of exothermic peaks on the DSC curve.

The analysis of identification of thermoanalytical characteristics of the samples of coatings
taken from different places of the object, and the identifier - Fire-retardant coating «POZ-V»
showed the following:

- the similarity of the compared thermoanalytical curves in the entire temperature range of
comparison;

- coincidence of the number of significant DTG and DSC maxima.

When comparing the significant identification characteristics of the coating samples from
the object and the identifier using experimentally obtained and theoretically calculated
statistical criteria, no significant differences in the compositions were found. The existing
differences in the intensity of weight loss in the temperature range of 30-200 °C (dehydration
of the binder) are associated with the incompleteness of the curing process of the sample of
the identifier coating, and, as a consequence, the increased moisture content (caused by the
insufficient drying time of the coating before testing).

Thus, on the basis of the above, it can be concluded that the samples of coatings selected
at the facility, according to comparative thermoanalytical tests, can be attributed to the
previously certified fire retardant coating «POZ-V».

4 Conclusion

A review, analysis and generalization of the current regulatory documents on the quality
control of fire retardant treatment have been carried out.

The necessity of practical application of relatively new and most informative control
methods is substantiated - determination of the swelling coefficient for intumescent coatings
and control using thermal analysis methods.

All methods of quality control of fire protection work during installation (application),
maintenance and repair, as shown in specific examples in this article, have been successfully
tested and are used by organizations that accept the fire protection work performed and
monitor the state of fire protection during operation.

A brief description of GOST R «Means for fire protection of buildings and structures.
Fire protection means. Methods of quality control of fire protection works during installation
(application), maintenance and repair», the final version of which was approved by TC 465
«Construction» and TC 274 «Fire safety».

The use of this document in construction practice will significantly improve the quality
of fire protection works and increase the fire safety of protected objects.
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