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Introduction

Sprayed fire-resistive materials and coatings are essential for preventing multi-storied steel buildings from
being weakened by fire." Current, standard methods for measuring the efficacy of fire-resistive materials
involve real fire tests in dedicated laboratories, which are expensive and protracted (over several months).
Therefore, the introduction of a simple test method that can verify the performance of fire-resistive material
on-site, without conducting a real scale, fire-resistant test is needed. In this study, near infrared (NIR)
spectroscopy was shown to be an effective method of screening for counterfeit fire-resistive materials.

Materials and Methods

Nine sprayed fire-resistive materials and three normal sprayed material sets were used for the analysis. Each
material was represented by between 10 and 20 samples. Ten different paint materials, including two
counterfeit fire-resistive coatings, were also analysed. Each sample was ground into a fine powder prior to
analysis with a FT-NIR spectrometer (MPA, Bruker Optics Ettlingen, Germany). Diffuse reflectance NIR
spectra were collected using an integrating sphere with a gold-coated reflection standard. Samples were
scanned with a resolution of 8 cm™ and 32 scans were co-added for each spectrum. Analysis of the spectral
data was performed using OPUS 6.5 (Bruker Optics, Ettlingen, Germany). The calibration equation was
developed with the QUANT software package using partial least squares (PLS) regression. Spectral data
were pre-treated by calculating first derivative and standard normal variate (SNV) transformations.

Result and discussion

The major compositions of both the sprayed fire-resistive and non fire-resistive materials were measured by
inductively-coupled plasma mass spectrometry (ICP-MS; Table 1). Most of the sprayed fire-resistive
materials contained relatively high concentrations of Al,O3;, MgO and SO, while non fire-resistive materials
contained high concentrations of CaO. Al,O; and MgO are beneficial in fire-resistive materials, SO; is a
major component of gypsum (CaSO.,.2H,0), and CaO is abundant in construction cement.*® However, no
single compound was indicative of sprayed fire-resistive materials. Figure 1 shows thermogravimetric
analysis (TGA) results of nine normal fire-resistive materials and two kinds of normal sprayed materials.
Temperature was steadily increased from room temperature to 1400°C at 10°C per minute. The first
degradation around 400°C might be due to the water in all normal and fire-resistive materials. However, a
second significant weight loss occurred after 500°C in non fire-resistive materials, while fire-resistive
materials maintained their weight until around 1200°C.

Table 1. Concentration of major components in nine sprayed fire-resistive materials and three counterfeit
materials (A, B, C).
Escort Mono- . New HI-New HI-New HI- Escort

Nf z-106 TWEF MK-B o Semi “opit tp1 tp2  cRv A B c

CaO 39.8 541 342 407 22.1 278 39.0 333 369 456 448 409

SO3 345 149 353 482 21.4 23.7 12.7  33.7 235 164 171 310
SiO; 951 133 547 103 38.1 5.76 23.2 6.06 205 9.18 918 8.17
Al,O3 496 365 141 051 2.66 16.7 5.0 1.64 744 162 200 1.39

MgO 039 289 11.0 045 4.20 8.63 4.0 12.3 063 534 595 084
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Figure 1. TGA thermograms of nine sprayed fire-resistive materials.
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Figure 2. TGA thermograms of two counterfeit sprayed fire-resistive materials.

The average NIR spectra of officially approved fire-resistive materials were obtained (Figure 3). Various
pretreatments were investigated to produce the best calibration model, which was then validated with several
unknown samples. The average NIR spectra of counterfeit fire-resistive materials were also obtained (Figure
4). The samples was also analysed using various analytical methods such as x-ray fluorescence (XRF)
spectroscopy, ICP-MS and thermogravimetric infrared (TG-IR) spectroscopy.

Principal component analysis (PCA) was used to discriminate normal and counterfeit sprayed fire-
resistive materials (Figure 5). From an evaluation of the loadings, we found that three spectral regions
(7305-6840 cm™, 5307-4900 cm™ and 4404-4208 cm™) were heavily weighted, and could be attributed to
stretches associated with OH, CaO and SO; (respectively).
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Figure 3. Average NIR spectra of nine sprayed fire-resistive materials.
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Figure 4. Average NIR spectra of counterfeit fire-resistive materials.
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Figure 5. PCA results of normal and counterfeit sprayed fire-resistive materials.
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Conclusions

A fast, accurate and non-destructive NIR method for identifying counterfeit fire-resistive materials was
developed. As a result, a NIR-based standard operating procedure (SOP) has been developed and
implemented under Korean law.
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