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Fig. 1 Chemical structure of aluminium diethylphosphinate ( AlPi)
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Table 1 LOI and UL-94 test results of the PET composites ( mass ratio of AIPi and Sbh,0; =4:1)

PET AlPi nano-Sh, O, M-nano-Sb, O, LOI ALOIL,, UL 94 (3.2 mm)
Sample
(wi%) (wi% ) (wt% ) (wt% ) (%) (%) Rating ¢, (s) £,(s) Dripping
PET 100. 0 — — — 21.0 — NR — — Yes
PET/nano-Sh, O, 98.0 — 2.0 — 22.1 1.1 NR 47.5 — Yes
PET/AlIPi 92.0 8.0 — — 30.1 9.1 V-1 12.1 14.5 Yes
PET/AlPi/nano-Sh, O, 90.0 8.0 2.0 — 33.6 12.6 V-0 7.5 8.4 No
PET/AIPi/M-nano-Sh, O, 91.6 6.4 — 2.0 34.6 13.6 V-0 4.2 6.1 No

* Results are reported as the average value of 5 test bars.
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Fig. 2 Heat release rate (a)and total heat release (b) curves at a heat flux of 35 kW/m?
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Table 2 CONE test results for the PET composites (irradiance 35 kW/m?)

Sample PET PET/AlPi PET/AIPi/nano-Sh, 0, PET/ AIPi/M-nano-Sh, O,
TTI (s) 160 158 151 150
PHRR (kW/m?) 563 352 ( -38% )" 332 (6% )" 309 ( -12%)°
TSR (m?/m?) 1201 1960 ( +63% )" 1872 ( -5% )" 1687 ( -14% )"
av-CO (kg/kg) 0. 066 0.143 ( +117% )* 0.107 ( -25% )" 0.089 ( -38% )"
THE (MJ/m?) 75 59 58 57
THE/TML (MJ/m? g) 2.24 1.78 1.79 1.88

*Increased percentage of the investigated parameters compared with PET ;" Increased percentage of the investigated parameters compared with PET/

AlPi.
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Fig. 3 Digital photographs of the char residue after CONE test for (a) PET, (b) PET/AIPi, (c¢) PET/AIPi/nano-Sh,0; and (d) PET/

AlPi/M-nano-Sh, O

2.4 HEEOW
R B R ST RO AT O B L Y

FikhzZz— B 5Ca) M 5S(b) 4ol g5 T 4 PET,
nano-Sh,0, . AIPi )¢ BH #% PET ¥ & #) TG il DTG



12

F W45 940K Sb, O, 55 U I 47 BELAA 2R X 2% —

TR 2 — I R B9 [/ AT 5 1487

Fig. 4 SEM photographs of the char residue after CONE test for (a) PET, (b) PET/AIPi, (c¢) PET/AlPi/nano-Sh,0; and (d) PET/

AlPi/M-nano-Sb, O,
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Fig. 5 TG (a) and DTG (b) curves of nano-Sh, O;, AIPi and PET composites in N,
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Table 3 TG data of nano-Sbh, 0, AIPi and PET composites (error £0.1 wt% , +1 C)

~ a b ~p e
Sample T, (C) () R (% /min) CR,," (%) CR,., (%) ACR®(% )
(800 C) (800 C) (800 C)
PET 400 451 39.2 6.9 — —
nano-Sh, O, 527 640 40.2 0 —
PET/nano-Sh, 0, 388 449 36.8 9.8 6.8 3.0
AlPi 375 455 21.4 26.6 — —
PET/AIPi 384 447 36.3 12.2 8.5 3.7
PET/ AIPi/nano-Sh, O, 380 445 35.1 17.0 8.3 8.7
PET/ AIPi/M-nano-Sh, 0, 364 444 32.2 18.2 8.0 10.2

“CR,,, is the experimental value of char residue;"CR,,, is calculated value of char residue;°ACR = CR,,, - CR,

Sb3d5/2 Sb3d5/2

Intensity (arb.units)
Intensity (arb.units)

532 53|0 52Ig 534 532 530 528 526
Binding energy (eV) Binding energy (eV)

Fig. 6 XPS spectra of Sh3d5/2 for (a) nano-Sh,0; and (b) char residue of PET/AIPi/nano-Sh, O, after CONE test
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Fig. 7 XPS spectra of P2p3/2 for char residue of (a) PET/AIPi and (b) PET/AIPi/nano-Sh, O, after CONE test

Table 4 XPS data of antimony and phosphorus for various samples

Region Sample Peak No. Position (eV) Assignment Content (% ) FWHM (eV)
nano-Sh; 0 1 529.9 Sh-0-Sh!1°] — 1.0
. \ [16]
Sh3d5/2 PET/ AIPi/ nano-Sh, 0, 1 530.0 Sb-0-Sb 57.8 1.4
2 530. 6 Sh-0-P 42.2 1.7
[16]
PET/AIPI 1 132.9 AIPO, 56.3 1.4
2 133.2 Al (P,0,),!17 43.7 1.4
P2p3/2 1 132.7 P-0-Al 28.2 1.4
PET/ AlPi/nano-Sh, 0, 2 133.3 ShPo, 1171 37.8 1.0
3 133.8 Sh, (P,0,), " 34.0 1.6
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Fig. 8 Condensation of diethylphosphinic acid with the Sh-OH on the surface of nano-Sh, O,
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Fig. 9 FTIR spectra of the char residue after CONE test
for (a) PET/AIPi/M-nano-Sh,0,, (b) PET/AIPi/nano-
Sh,05, (¢) PET/AIPi and (d) PET
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Fig. 10 DSC curves of the investigated samples
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Table 5 DSC data of PET composites (error £1°C, +0.5% )

Sample Tg(oc) T, . (C) AHN.(J'?;]) T, (C) T,,(C) AH...(J'gil) X. (%)
PET 71 126 1.0 161 259 13.3 8.8
PET/AlPi 79 125 3.0 195 259 24.3 16. 6
PET/AlPi/nano-Sh, O, 80 124 3.5 196 261 25.9 17.8
PET/ AlIPi/M-nano-Sh, O 81 118 5.3 196 263 33.3 21.4
3 i Sh,0, M ALPi BHAK PET 5 5 AH Y 52 Ik i s B,

5 H R R N 2 SRR R B0 4 S B A

ik Sb,0, 5 AlPi [MIf£7F B WU M BH AR LB 55 PR8R 19 4 B G, AIPE AT i i PET PRkt

1 R, B R 2 O 7 5 S0P R RO B 4. gh ok ARARL 400K Sh,O, BRI PET SR AU, AR T

Sh,0, FIEER. 44K Sb,0, W [F4E H] S B FH#% PET FELEA PET Jin Tk fE iy e 5 [m] i), e Fil i 4 0 (1Y)

f LOI gy PET/AIPi (19 30. 1% 43 %] |- F+ % 33. 6% s %k BELEA P BE A 45 = A AL Bz 480K Sb, 0 T

F134.6% ,UL 94 B V-1 3 E 5] VO 9% ; H IR [7] ALPi BHHA PET L% 2 AH A2 B B e S W 44 H
e R B CO R h AR B T A M. ik O E AR SOHBLIAME A
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SYNERGISTIC EFFECT OF NANO-Sb,0, AND ALUMINIUM
PHOSPHINATE ON FLAME RETARDANCY OF PET

Ming-ming Si', Shuai Ding''?, Jian-wei Hao', Li-shi Xu®, Jian-xin Du'
(' National Laboratory of Flame Retardant Materials, School of Materials Science and Engineering ,
Beijing Institute of Technology , Beijing 100081 )

(* SINOPEC Beijing Research Institue of Chemical Industry, Beijing 100013)

(* Hunan Shanxing Antimony Industry Limited Company , Lengshuijiang 417500)

Abstract A nano-Sb,0, masterbatch ( M-nano-Sb,0,) whose concentration was 80% was prepared. The
masterbatch was added into poly ( ethylene terephthalate) synchronized with aluminium diethlyphosphinate
(AIPi). Different test methods such as limiting oxygen index ( LOI), vertical burning ( UL 94 ), cone
calorimeter (CONE) ,scanning electron microscope (SEM) demonstrated that the LOI of PET increased from
21.0% to 34.6% and the UL 94 vertical burning rating reached V-0; the heat release rate, total smoke release
and CO production were reduced; the compact degree of the char residue was remarkably improved. All these
phenomena were due to the synergism between nano-Sb,0, and AlPi. Morever, thermal gravimetric analysis
(TGA) , X-ray photoelectron spectroscopy ( XPS) and Fourier transformed infrared spectroscopy ( FTIR)
pointed that the synergistic effect increased the char residue and its thermal stability, the char formation was
promoted by the condensation of diethylphosphinic acid with the Sb-OH on the surface of nano-Sh, 0, ,and the
char residue was mainly consisted of aluminum (antimony) phosphates,aluminum ( antimony) pyrophosphate
and organic compounds containing aryl cyclic structure. Differential scanning calorimetry ( DSC) showed that
the synergistic effect facilitated the crystallization of PET and its melting endotherm. Therefore, flame
retardancy mechanisms in PET for AlIPi in combination with nano-Sh, 0, were primarily cross-linking reactions,
char formation in condensed phase and endothermic effect, meanwhile, gas phase mechanism was also
involved.

Keywords Poly( ethylene terephthalate) , Aluminium diethlyphosphinate, Nano-Sb,0,, Flame retardancy



