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Abstract

Aerogel is a new kind of material with excellent thermal insulation properties. In this paper, PVA
was used as the matrix material, phosphorus-rich PA as the cross-linking agent and inorganic clay
APT was introduced as the reinforcing material. A series of PVA/PA/APT composite aerogels with
different APT mass fractions were prepared by freeze-drying using the sol-gel method. The mi-
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croscopic morphology and composition of the composite aerogels were characterized by scanning
electron microscopy, Fourier infrared spectroscopy and X-ray diffraction; the mechanical properties
of the composite aerogels were tested by a universal tensile machine; the thermal stability and flame
retardant properties of the composite aerogels were tested by thermogravimetric and cone calori-
metric tests. The results showed that APT was successfully introduced into the polymer aerogel and
bonded well with PVA/PA; the mechanical properties of the composite aerogel were significantly
improved with the addition of APT at 50%, and the compressive modulus was increased by 81%
compared with that of the pure polymer sample. The thermogravimetric and cone calorimetric tests
showed that APT effectively improved the thermal stability of the composite aerogel and reduced
the heat release rate and smoke generation rate.
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Figure 1. Flow chart of sample preparation
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Figure 2. The SEM image of composite aerogel (PP: (a)~(c) PP-A10: (d)~(f): PP-A30: (g)~(i); PP-A50: (j)~(1))
E 2. E&55EH SEM E(PP: (a)~(c); PP-A10: (d)~(f); PP-A30: (g)~(i); PP-A50: (j)~(1)
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Figure 3. The XRD spectra of composite aerogels (a) PP, (b) PP-A10, (c) PP-A20, (d) PP-A30, (e) PP-A40 and (f) PP-A50
3. EA5ER(a) PP, (b) PP-A10, (c) PP-A20, (d) PP-A30. (e) PP-A40 F0(f) PP-A50 A9 XRD [Ei&
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Figure 4. The FTIR spectra ofcomposite aerogels
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Figure 5. The (a) stress-strain curves (b) compressive modulus (c) density (d) specific modulus of composite aerogels
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Figure 6. Water-resistance properties of composite aerogels

& 6.

3.6.

BRRRRIM K RE

BEREAREN

PP-A10 PP-A20 PP-A30 PP-A40 PP-A50

SR

FIF TGA 734 APT Xt E &SRB A Fa e YERIFEm .« 76 200°CHT, AR H) B 2 3R LA 7K 11
W NTE. 250°C~500°CHrEL, BERYEL C-C FFiaWiZY, DL PVA KRN E. MWK 7 o LU I, PP FEM
LRI N 8.351%. {EVRNN APT J&, PP-A10. PP-A30 Fl PP-AS50 5% A% 4r M8 13.418%, 29.897%,

100 —=—FPP
—e— PP-A10
—<«—PP-A30
80 —¢—PP-A50
o
S 604
72)
8 52.182
b=
40
29.897
20
13.418
8.351
0 T T T T T T T
100 200 300 400 500 600 700 800
Temperature(°C)

Figure 7. The TGA curves of composite aecrogels
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Figure 8. The LOI of composite aerogels
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Figure 9. The (a) HRR (b) THR (c) SPR (d) TSP of composite aerogel
9. LME &SR (a)AFEHUIEZE-HRR (b) B AFERE-THR (o)M= IEZ-SPR (d)& = H=E-TSP #izk
Table 1. UL-94 test results of composite aerogels
= 1. LS ASERK UL-94 ML R
i Yoy
PP TR
PP-A10 V-2
PP-A20 V-2
PP-A30 V-1
PP-A40 V-1
PP-A50 V-0
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Figure 10. Photographs of residual carbon of several composite acrogels after CC testing

10. CC MR F/LFHE & SEIRIFHR R

Table 2. CC test results of composite aerogels

2. EESAERIRAHE CC MK KR

Samples TTI (s) PHRR (kW/m?) THR (MJ/m?) PSPR (m*) TSP (m?)
PP 26 159.27 4.01 0.069 1.34
PP-A10 21 145.29 3.86 0.057 1.29
PP-A20 15 142.99 3.83 0.056 1.09
PP-A30 12 134.88 3.58 0.053 0.66
PP-A40 11 126.12 3.46 0.048 0.56
PP-A50 10 86.50 3.12 0.020 0.21
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SO IURMIAEILR o IXVAAT APT FEI AR AR e AL R e A2, REIRFE A WYER
R TRAT T RREEAR,  BEIR T G R SR %3 o (R, APT A BT KR Z5 M /K AE I P fide i e
HEIKFER S IKER I RO RO AR T RBE DA IR, E TR IRBE IR, A ORI 1 AR 4R MY
Ko RIS T APT BRI LT AEREEH, AT Ot 34 1A SR IR AR 454

PP-ASO £ BAT 5 (M ERE, X3 E R APT (EHMELRE =4 7 =i #40K MgO, ALO; &
W ZER BRI, BEASA. ARIEEANEA I R  IIE R XA A JZ TR Z IR 98 it
bt APT A EREEHIK B RO XS R E WA AL A B R B AR

4. Z5ig
SR T R v, SR T B AV T4 T 2514 7 — %51 PVA/PA/APT 40k, Bt Bl A

ANFEFRE S APT SRERFE APT (IR PVA/PA HEASEIRIES . J12EERE. TKPERE. BHIATERE
MIREME . A — S R BT

1) SEM. XRD. FTIR {45 REH APT # sl NEARER 2 H, HEEASRERE G R,
BE%E APT S EMZHHEIN, AR B 2R B APT i, B EEEN T e &R E
[ K& — 4L 4IRS H ) APT .

2) JEId T RN & AR I 1 R G KL APT (5| N B4R T 2 &S5 )
VERE . ARG BEREE T PP IEAFEE AN 0.53 MPa, 1E APT #INE] 50%K), £ 5 PP-AS0 )&
YERE RN 0.96 MPa, $ETHIEE AR 81%. HEE 1) APT (I B AR T 5 & B e, i
R AT AR A S A3 -

3) APT I NA RS2 7 PVA/PA BB I BHIAYERE - PP-AS0 £ i AHEL T PP A5 LOI M 18.7%
PEFHE T 29.8%, UL ABE S I N TS AT+ 21 V-0 o FRE IR HP (0 5 B 2 o 42 8.351% 273 52.182%.
BE#E APT Sr&Ef N, E4&S%K HRR. PHRR. SPR Z:tH 2 3 T 4.
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