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ABSTRACT

EPS sandwich panel contains flame retardants that slow down ignition during fires,reduce the amount of heat gener-
ated, and block the spread of combustion. However, if a sandwich panel does not satisfy standards for fire-retardant per-
formance, it may increase damage to property and human life. It is difficult to test the fire-retardant performance of a
finishing material with the naked eye, so it is necessary to develop convenient and fast evaluation methods that are conve-
nient and fast. In this study, a fire safety evaluation method for EPS sandwich panel was analyzed using X-ray to detect
specific components related to the fire-retardant performance X-ray fluorescence analysis (XRF) indicated that suitable
panel products contained more aluminum in comparison to unsuitable products. Gibbsite was identified as the main crys-
talline material of flame retardant EPS through X-ray diffraction analysis (XRD) and was included in both suitable prod-
ucts and unsuitable products, but there was a difference in crystalline structure. This study was verifies the possibility of
evaluating fire-retardant performance using ultimate analysis and crystal analysis through these X-ray methods.
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Figure 1. A flow chart for the sample pre-treatment process.
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Table 1. Test Method Details for the Combustion Gas Toxicity

)

o

]
=

Heating Method Tube Heater, LP Gas

Heating Time to Sample 6 min
) . Time (min) 1 2 3 4 5 6
Heating Condition =
Exhaust Temperature ("C) 70 85 100 140 170 195

Size (mm) 220 x 220, Thickness is under 50
Emission Rate 10 L/min

Mouse ICR, 8 Female Mouses

Test Time 15 min

OEH ZHJL 2l Xﬂlﬁc’ A= & (heat release rate), Fr&
A4 (effective heat of combustion), & FF7F4E-(mass

=3} 728 EES = 5le] Ak A GHlEE0]

loss rate)
AE) Aol LA Ae] ol Ml Grke ol 71%E
3 9k F, A4 A Ak 1kgel ZMEE F 13,1 M)
E R WAL AP R Y 9% BAK
2 W B ABE 39 712NN Az, ol
s WETls R 20 dusas e
o olelg w o= AIFAL Shllel wEEE Bk 2
ol Wl 7} A F 3] NY Aot

7 SWEAFe] 8 MU’ olsjolojo} i, 57 7b
9§ QAT BENE 7Y, T 2 SEETAA
B A AN g8, 2EHE 22 EF) Fol glojol

010 = Az Eu)E Ag7]= KS F IS0 5660-1 7+
A== AHZ FESTEC AF] FT-CC-105 model®]t}.
& Z=Z2nE AlPE2 Table 29 YERASIT

XA A4S flal ARES o A XA #8 wA
71(WD-XRF, Wavelength Dispersive X- ray Fluorometer)
A, B A Mgl EAlske A4 RS A
st gRlsked AREE= H|9k] #47]<olth. WD-
XRF:= 5% BRUKER AF] S4 PIONEER modelo]™, &

z

Table 2. Test Condition Details for the Cone Calorimeter

Radiation, Mass Loss,
Smoke Release, CO, CO,

Cone Heater

Heating Method

Heating System

Intensity of Radiation 50 kW/m”
. . 32 min after Continuous
Heating Time .
Combustion

100 (W) 100 (L) 50 (H)
Dynamic (Flow) System
0.024 m’/s 0.002 m*/s

Size (mm)

Flow System
Exhaust Flow Rate

A 271 Table 19 #AAE Az o) XA 318 #497]
(XRD, X-ray Diffractometery= thet 2] 525 24
A AR B4 F2E A8 1% S BT
B Fulom, XRD 4] 2+ 3]Ake] D8 ADVANCE &
gl 2 Zhzke] B4 Z7-8 Table 300 AAE A3} 2o
3. ¢z %
3.1 i sEIt
2 Z22u|E Ag A3 Table 49} Table 59F 7},
&S A= Table 49F 23 AlY § F4- Table

53

Table 3. Operating Conditions for Bench-Top WD-XRF and Portable XRD and XRD

Bench-Top WD-XRF XRD
Model BRUKER S4 PIONEER Model BRUKER D8 ADVANCE
Generator Voltage 60 kV X-ray source Copper
Tube Current 50 mA Scan Axis 2Theta [5~80°], Theta
Collimator 0.23 degree Synchronous Rotation On
Collimator Mask 34 mm Increment 0.00919133
Spectrometer Mode Vacuum Time per Step 0.1s
Crystal XS-55, PET, LiF 200 Detector Super Speed LynxEye
Target Rh Divergence Slit 0.500°
Detector Scintillation Counter Generator Voltage 40 kV
Concentration ppm ~100% Generator Current 40 mA
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Table 4. Cone Calorimeter Test Result for EPS Sandwich Panel Samples

Cone Calorimeter Test (5 min)
Samples Total Heat Release Rate (MJ/m®) . o

= o 39 Deformation of Core Criterion
R-1 1.8 0.4 1.0 No Deformation Conformity
R-2 0.4 0.4 0.7 No Deformation Conformity
R-3 0.5 0.2 0.7 No Deformation Conformity
R-4 1.2 23 1.6 No Deformation Conformity
R-5 1.1 1.1 14 No Deformation Conformity
F-1 9.8 6.7 7.3 Melting and Hole Nonconformity
F-2 6.5 59 5.8 Melting and Hole Conformity
F-3 3.5 5.1 4.1 Melting and Hole Conformity
F-4 5.4 8.4 7.6 Melting and Hole Nonconformity
F-5 5.0 6.3 5.9 Melting and Hole Conformity
N-1 10.7 10.6 11.1 Melting and Hole Nonconformity
N-2 11.2 11.0 12.1 Melting and Hole Nonconformity

Table 5. Cone Calorimeter Test Result for EPS Sandwich Panel Samples

R-1 R-2 R-3 R-4 R-5 N-1

Conformity

Conformity

Conformity

Conformity Conformity Nonconformity

F-1

F-2

F-3

F-4 F-5 N-2

Nonconformity

Nonconformity

Nonconformity Nonconformity Nonconformity
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Table 6. Gas Toxicity Test Result for EPS Sandwich Panel
Samples

Average Deed Stopping Time (min, s)
Samples e o
R-1 14 min 59 s 14 min 13 s
R-2 14 min 18 s 14 min 39 s
R-3 14 min 30 s 14 min 51 s
R-4 13 min 58 s 14 min 37 s
R-5 14 min 14 s 14 min 45 s
F-1 12 min 34 s 12 min 17 s
F-2 10 min 13 s 12 min 06 s
F-3 13 min 10 s 13 min 39 s
F-4 13 min 44 s 13 min 00 s
F-5 11 min 42 s 12 min 34 s
N-1 12 min 23 s 12 min 54 s
N-2 12 min 56 s 13 min 33 s

R-5)3} F-2§HA| E(F-1, F-2, F-3, F-4, F-5, N-1, N-2)&
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Table 7. WD-XRF Analysis Result for EPS Sandwich Panel Samples

Formula (%)
Samples -

(CH)n ALO; Na,O P,0s SO; Br SiO, Fe20, K»0;
R-1 87.1 10.49 0.779 0.533 0.338 0.290 0.280 0.033 0.004
R-2 88.5 8.868 0.734 0.517 0.506 0.294 0.379 0.095 0.007
PASS R-3 86.3 10.76 0.830 0.580 0.637 0.441 0.252 0.052 0.008
R-4 89.2 8.262 0.692 0.464 0.578 0.419 0.213 0.051 0.007
R-5 88.6 7.822 0.883 0.710 0.366 0.233 0.209 0.113 0.015
F-1 92.7 2.522 0.136 0.221 0.637 0.214 0.942 0.596 0.042
F-2 93.8 4.602 0.0607 0.010 0.738 0.227 0.333 0.103 0.018
F-3 95.0 2.752 0.129 0.067 1.001 0.380 0.215 0.044 0.013

FAIL F-4 94.9 3.831 - 0.407 0.161 0.144 0.263 -
F-5 93.3 4.871 0.097 0.879 0.168 0.253 0.352 0.013

N-1 99.5 0.006 - 0.009 0.013 0.064 0.026 0.031 -

N-2 99.6 0.001 - 0.011 0.008 0.301 0.019 0.037 -

S5k A) 4nbels] =8EA] #2998 A6s, 20153
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Figure 2. XRD patterns for EPS (R-1, R-2, R-3, R-4, R-5) sandwich panel samples.
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Figure 4. XRD patterns for EPS (N-1, N-2) sandwich panel
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Table 8. Crystallinity Values for the Sandwich Panel Sample

o

BN
L
Ho

Sample R-1 R-2 R-3 R-4 R-5 N-1
Crystallinity (%) 57.9 55.7 55.9 57.4 57.9 29
Sample F-1 F-2 F-3 F-4 F-5 N-2
Crystallinity (%) 144 26.5 19.3 29.8 304 7.8
----------------------------------------- Mormal EPS (M-1)
- “| M-Crystallinity : 2.9 %
| L
) FAIL EPS (F-1)
“| %-Crystallinity : 14.4 %
- — PASS EPS (R-1)
- — T AT | seeCrystatlinity : 57.9 %
J“‘\
/_\' JU\
—-—‘_Ji B lﬂ-—-——dﬁuwm .
10 20 30 40 50 60 70 80
20 (deg)
Figure 5. Comparison of XRD patterns for EPS sandwich panels.
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