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Effect of Metal Oxides on Fire Resistance and Char Formation of
Intumescent Flame Retardant Coating

ZHOU You, LIU Xiu, WANG Fang, HAO Jian-Wei, DU Jian-Xin

(National Engineering Technology Research Center of Flame Retardant Materials, Beijing Institute of Technology, Beijing
100081, China)

Abstract: Metal oxides (MO) can remarkably affect the char formation of intumescent flame retardants (IFR) during
thermal decomposition, thereby improving the fire resistance property of IFR coatings. In present work, Fe,0;, ZnO
and TiO, were separately incorporated with caged bicyclic phosphates based IFR in epoxy coating, and their effects on
fire resistance and char formation of the IFR coating were investigated. Back temperature test results showed that MO
worked synergistically on improving fire resistance of the coating and their effectiveness of improvement followed the
trend of Fe,0;>Zn0>Ti0O,. Thermogravimetric analysis (TGA), laser Raman spectroscopy (LRS) and X-ray photo-
electron spectroscopy (XPS) results revealed that MO promoted the formation of pseudo-graphic char with improved
thermal stability which still survived at high temperature, and their effectiveness of promotion also followed the trend
of Fe,05>Zn0O>Ti0,.
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Fig. 1 Fire resistance curves of EP/T-IFR/MO

*1 MO ZEARERME T REM A EREN T
Table 1 Effect of MO contents on the fire resistance properties of coatings

Fire resistance time/s

No. Sample V00 (C-s")  Vagoe/((C-s™)
t300c ta00c

1 EP/T-IFR 200 1040 1.50 0.38
2 EP/T-IFR/2.3wt% Fe,05 230 2200 1.30 0.18
3 EP/T-IFR/3.5wt% Fe,0; 280 2360 1.07 0.17
4 EP/T-IFR/4.5wt% Fe,05 220 2010 1.36 0.20
5 EP/T-IFR/2.3wt% ZnO 320 1780 0.94 0.22
6 EP/T-IFR/3.5wt% ZnO 340 2140 0.88 0.19
7 EP/T-IFR/4.5wt% ZnO 530 1710 0.57 0.23
8 EP/T-IFR/2.3wt% TiO, 220 1440 1.36 0.28
9 EP/T-IFR/3.5wt% TiO, 260 1520 1.15 0.26
10 EP/T-IFR/4.5wt% TiO, 240 1380 1.25 0.29

* Temperature increasing rate below 300°C
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coatings in air
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Table 2 TG data of EP/T-IFR and EP/T-1FR/3.5wt% MO coatings in air

Sample Ti/C AOT‘ CRsoow /% ACRg0c /% CRooe 1% ACRag0c /%
Caled./Exp. /T Caled./Exp. Calcd./Exp.
EP/T-IFR —/238 - /86 — —/27 -
EP/T-IFR/3.5wt% Fe,03 242/271 29 87/91 4 29/39 10
EP/T-IFR/3.5wt%ZnO 242/270 28 87/93 6 29/36 7
EP/T-IFR/3.5wt% TiO, 242/268 26 87/89 2 29/32 3

Ti: initial decomposition temperature based upon 5% weight loss; ° :difference between experimental and calculated; Calcd.-calculated value; Exp.:

experimental value
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Table 3 TG data of EP and EP /5wt% MO composites in N, Table 4 TG data of T-IFR and T-IFR / MO composites in N,
Sample Ti /C ATI / CR7()()”C /% ACR700"C Sample Ti /C ATl CR700“C /% ACR700“C
P Calcd./Exp. ‘C  Calcd./Exp. 1% Calcd./Exp. /°C  Caled./Exp. 1%
EP —/123 - —/5.7 - T-IFR —/320 - —/49
EP/5wt%Fe,04 125/183 58 10.4/15.9 5.5 T-IFR/Fe, O3  326/315 —-11 53/66 13
EP/5wt%ZnO 125/186 61 10.4/18.7 8.3 T-IFR/ZnO 326/312 -14 53/62 9
EP/5wt%TiO, 125/172 47 10.4/12.6 2.2 T-IFR/TiO, 326/318 -8 53/57 4
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Fig. 5 Raman spectra of the char residues obtained from different coatings at 650°C
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JZ K ¢ J2 T vl 4B AR P e AT DU T 2 WAL 2 W (XPS) K4 T EP/T-IFR Hil EP/T-IFR/3.5wt% MO ¥4
LIRS RO E RIS . At #s MO 2AE 650 CE /M T MRk R ) Cls B, % 5
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Table 5 Fitting results for the C1s spectra of char residues obtained from EP/T-IFR and EP/T-IFR/3.5wt% MO
coatings at 650°C

Sample BE/eV C./% BE/eV Co/% BE/eV Co/% BE/eV Co/% Co/C,
EP/T-IFR 284.8 CZSCS?;H 285.8 CE%%;%;P’ 287.6 _537%3_ 289.7 f:;;H 0.88
EP/T-IFR/3.5wt% Fe,0;  284.8 C;;?;H 286.1 CC_E)I\’ISZ_OC.); 7P © 2877 _2%2_ 289.2 _?4?6(?{ 0.41
EP/T-IFR/3.5wt% ZnO  284.8 C;;S;H 285.9 CC_?N%O; 7P © 2876 _?52_ 289.7 _/(1:8(())5{ 0.49
EP/T-IFR/3.5wt% TiO,  284.8 COCH 59 COCOR gy €00 hg95 COOH 0.62

/63.81 C-N/31.05 /1.43 /3.72
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