348 H1H T WL MR 2 AR Vol. 34 No. 7
2019 4E 7 H Journal of Inorganic Materials Jul., 2019

N EHS: 1000-324X(2019)07-0761-07 DOI: 10.15541/jim20180493

B AR RRE AR
1A R BRI SR B B

i oob L BkeRE L, BmEE L K R, B OB
ITFH rET, ez

CGTIKF | FEREAFFR, 2. TEIWAFHATELEE, KL 071002)

B N T IFRF LT HLA A R BELR TS JR 7R, ASHIE TR SL 000 A BT AR 99K 2 528 19 22 (SrSn(OH)),
I I AR R B (PZS) X H AT W7, 133 —F iz 72 45 4 A DL HL AR AL K BRI (PZS@SrSn(OH)g) - i1 4
HEE . B BEBEMAI TR T PZS@SrSn(OH)e [ M T 57 Fl 4k 2= &5 44 o B I #vEE T i 50 7
PZS@SrSn(OH)s &% EP/PZS@SrSn(OH)s MR G AR FAFEARAT Joo SR A AR BR S T BOFN HE T = 20t 52 644 ) BELBR
PEBEHEATIAR, FH X SHERATHT. BT, RERE T LT AMEIE KT EP/PZS@SrSn(OH)g I FHIANLI AT 4047 . 45
REH] PZS@SrSn(OH)s 7E A M i 7 FE B H i AR RCR A AR, H PZS 55 SrSn(OH)e 8] 477E 8 2 1) ip [ BHL
PRI HUEIREMARAREL, IR0 3wt% ) PZS@SrSn(OH), i, #FRESEE(LODIEM 26.2%3 INF] 29.6%. 4
ARG R W BRSO AR VA PR T 2 29%, MR TSOH AR AF P AIK T 24 37%, BRIR %4 T 242%. PZS@SrSn(OH)g
TERIR T RS LM IR 2, WA O3 A7) S AR SR S 38 e, AT S 408 T P S IR £ BEL AR R

X B RS, RIS, Jutk; BHAL; UKEEME

FESES: 0631  XEAFRIRE: A

Strontium Hydroxystannate Nanorods Encapsulated by Hybrid Polyphosphazene:
Synthesis and Flame Retardancy on Epoxy Resin

ZHANG Chong', GENG Xiao-Wei', GAO Xiang-Di', ZHANG Xin', GUO Rao',
WANG Yu-Jing', XU Jian-Zhong', MA Hai-Yun'?

(1. School of Chemistry and Environmental Sciences, Hebei University, Baoding 071002, China; 2. Key Laboratory of Ana-

lytical Science and Technology of Hebei Province, Hebei University, Baoding 071002, China)

Abstract: To develop a novel hybrid organic-inorganic flame retardant and smoke suppressant, strontium hydroxystan-
nate (SrSn(OH)g) nanorods were synthesized Via a co-precipitation method, and then the SrSn(OH)s were encapsulated by
cyclomatrixpolyphosphazene (PZS) to prepare a novel core-shell organic-inorganic hybrid nano-flame retardant
(PZS@SrSn(OH)g). The micromorphology and chemical structure were analyzed by scanning electron microscopy (SEM),
transmission electron microscopy (TEM) and fourier transform infrared spectroscopy (FT-IR). The thermal degradation of
PZS@SrSn(OH)s and EP/PZS@SrSn(OH)s composites was investigated by thermogravimetry analysis (TGA). The flame
retardancy properties were studied by limited oxygen index (LOI) and CONE calorimetry tests. The flame retardant

mechanism was determined by X-ray diffraction (XRD), SEM, energy-dispersive X-ray spectroscopy (EDS), and FT-IR.
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The results showed that PZS@SrSn(OH)s exhibited high flame retardant and smoke suppression efficiency. Significant

synergy between PZS and SrSn(OH)s was found to enhance the flame retardancy of EP compared with pure EP, the LOI

value was increased from 26.2% to 29.6% with 3wt% addition of PZS@SrSn(OH)s. CONE calorimetry tests indicated that

3% incorporation of PZS@SrSn(OH)s brought about 29% and 37% maximum reduction in peak heat release rate and peak

smoke production rate, and 242% improvement of char residue, respectively. A dense char structure is formed after com-

bustion under elevated temperature for PZS@SrSn(OH),, and the char layer blocks the exchange between the decomposed

fragments and oxygen, then protect EP matrix and improve the flame retardancy.

Key words: polyphosphazene; strontium hydroxystannate; hybrid; flame retardancy; nanocomposites
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Table 1 Thermogravimetric properties of PZS, SrSn(OH),,
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Table 2 Cone calorimetry data for EP composites
Sample Pure EP 1wt% 3wt% 1wt% 3wt%
EP/SrSn(OH), EP/SrSn(OH); EP/PZS@SrSn(OH)s EP/PZS@SrSn(OH);
Char residue/g 5.6 13.2 12.4 13.8 19.2
THR/(MJ-m?) 100.4 93.2 92.6 93.1 88.9
PHRR/(kW-m ?) 1141.1 971.7 888.9 777.3 809.7
PSPR/(m?:s) 0.33 0.25 0.24 0.22 0.21

TSP/m? 27.6 23.7 23.9 25.1 21.2
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EDS X HETE & #4515k oW &5 /4 3547 20 B,
K8 i, HHIEIF %, BRBE/S SrSn(OH)s 4K 4L,
N SrSn0Os, SrSn(OH)e 32 # I /K B AR A4 £ il B A AT
BRASARIIIREE, £ SrSnOs #E— B RE R A, M

e m BB R . 5% 0 EP/SrSn(OH)e #H Lk,
PZS@SrSn(OH)s HIFR R H L | SroSnOy4. TEULIE
FErh, PZS [ B fR TR BB B I £ 0k J2 AT 8 — 20 g it
BRI F IS BRROR, X Fh 2 A B SR AL
R JZ CE R ik — 2D 38 KR 3 B FE R R (1) BELRR: g
710 BRIR K e v EIFIZL ARG 1E (1 8(b, ¢)) & 1271,
1027 A1 1110 cm ™' &b P=0 #f11 P-O—C 8 (K, Ui
B PZS 7E AR AR % BT B IR B0 Tl e 25 4
Jii o 1M PZS Pt ik 72 rpo B Tl I A0 i B8l R 2540 I
ATDMEAE EP IR IR BR ek, 10— 0 5 i FEAR
ROR

K7 EP JHYPKE G R &3S oK 2 W T3
Fig. 7 Digital photos of the char residues for composites after cone calorimeter tests
(a,f) EP; (b,g) 1wt% EP/SrSn(OH)g; (c,h)3wt% EP/SrSn(OH)g; (d,i) 1wt% EP/PZS@SrSn(OH)g; (e.j) 3wt% EP/PZS@SrSn(OH)e
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Fig. 8 XRD (a), EDS (b) and FT-IR (c) spectra of the char residue of EP samples
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