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4NH, PO, + Sh,0, —2Sh OH PO, , +

2
4NH, + 3H,0
2.1 Bi,0, Sh,0, SnO, PP
Table 2 Ol of IFR PP composites with different loadings of Sh, O;
PP/APP/DPER 80/15/5
D DI S 0
Bi,0, Sh,0,  SnO, Samples - AP DPER S0, O
wt% wt% wt% wt% %
! Bi, O A0 100 0 0 0 17.0
PP/APP/DPER A-1 80 15 5 0 23.3
23.39% Bi203 C-1 80 15 5 0.1 25.5
c2 80 15 5 0.3 26.0
0.1 wt% 25.2%. C-3 80 15 5 0.5 26.5
0.3 wit% . C-4 80 15 5 0.7 25.9
2 Sh,0;  PP/APP/DPER S 80 13 > ! 57
Sh, 05 0.5 Table 3  OI of IFR PP composites with different loadings of SnO,
wt% 26.5%. 3 PP APP DPER  Sn0, ol
Sn0,  PP/APP/DPER Samples W W% wi% %
Sn0O, A0 100 0 0 0 17.0
Sn0, 0.3 wi% A-1 80 15 5 0 23.3
B-1 80 15 5 0.1 24.4
25.3% Sn0O, B2 80 15 5 0.3 25.3
B3 80 15 5 0.5 24.9
] 3 3 B-4 80 15 5 1 24.1
4 3
2-~3 Shy 0,
.3
. Sh, O,
Sh, 0,

Sh, 0,

Table 1 Oxygen index Ol of intumescent flame-retardant IFR PP
Table 4 Physical and chemical properties of Bi; O3 Sh, O3 and SnO,
composites with different loadings of Bi, O3

. Metal Electrophilic Melting
PP APP DPER Bi, 05 (0] Crystal style
Samples oxides ’ power eV point C
wt% wt% wt% wt% %
A0 100 0 0 0 7.0 Bi, 05 Ion crystalloid 2.02 825
A-1 80 15 5 0 23.3 Sh, 05 Molecule crystalloid 2.05 656
A-2 80 15 5 0.05 24.0 Not integral ratio
A3 80 15 5 0.1 25.2 Sn0, , 1.96 1630
more Sn ion
A4 80 15 5 0.3 25.1
A5 30 15 5 0.5 23.7 *Li HC Fu B. Data abstracted from Applied Handbook of Chemistry
A-6 80 15 5 1 23.2 2006
4 6 3
Lewin Chen
1%
APP
2.2 Bi,O,

Sh, 0,
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BLO, 1 wi%
Bi, 0,
Bi, O, 5 Table 5  Effect of IFR PP composites with loading of Bi, O3 and nanoclay
20 1 wt% on OI and tensile strength
0.1 wt% Bi, 03 Samples (01 Tensile strength
28.3% % % MPa
6 pp 17.0 34.3
DP, DP n . .
6 1 wt% PP/APP/DPER 80:15:5 23.3 29.7
. PP/APP/D-PER/Nanoclay
0.1 wt%  Bi, 0, 25 26.1 32.2
: 80:15:5:1
3.2 mm V-0 30 PP/ APP/D-PER/Nanoclay/Bi, O 83 23
1.6 mm V-1 80:15:5:1:0.1 ' '
PP .0.1 wit%
Table 6 Effect on IFR PP composites with different loadings of IFR Bi, 05 and nanoclay on flame-retardant properties
UL-94 Tensile
Samples Ol %
3.2 mm 1.6 mm strength MPa
pp 17.0 No Rating No Rating 34.3
PP/IFR 80:20 23.3 No Rating No Rating 29.7
PP/IFR 70:30 28.4 V-2 No Rating 27.9
PP/IFR/Nanoclay/Bi, O3 80:20:1:0.1 28.3 No Rating No Rating 32.3
PP/IFR/Nanoclay/Bi, O3 75:25:1:0.1 31.5 V-0 No Rating 30.2
PP/IFR/Nanoclay /Bi, O3 70:30:1:0.1 34.2 V-0 V-1 28.8
100
o Bi, O,
< sor PP/APP/DPER
2.3 Bi,0, 2 60t
E
1 PP ™ TG £
=
% 40 -
e PP/APP/DPER/Bi,O5 1%
APP  DPER ol e
PP/APP/DPER/Bi,0; 0.1%
.Bi oL \ \ .
1 0s 100 200 300 400 500
1 wi% Bi, O, 0.1 Temperature (°C)
wt% B12 O3 'g. 1 TG curves for PP/APP/DPER and PP/APP/DPER/Bi, O5
1 wt% Bi,O :
23 a . Bi, O,
) APP  DPER
PP/APP/DPER 0.1% 1% Bi,0;, 3
400°C 5 min Bi, 0, 1 wi%
PP/APP/DPER 0.1% Bi, 0,
SEM 2 1% Bi,0,
SEM . 2
a 2.4 Bi,0, APP/DPER
b
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Fig. 2 Morphologies of burned char of intumescent flame-retardant PP with and without Bi, O;
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Table 7 TG and DTG data of APP/DPER and APP/DPER/Bi, O5

T, C )
Maximal y
Samples temperature weight loss rate Hesidue at
at maximal 700°C %
% min~!
weight loss rate
APP/DPER 500 4.7 32.9
APP/DPER/Bi, O, 540 2.9 37.1
5 APP/DPER  APP/DPER/B;, O,
8 5 APP/DPER
200°C 300°C
APP/DPER
APP/DPER

APP/DPER/B, O,
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100 Table 8 Characteristic infrared absorbance bands and gaseous products
— APP/Bi,04
- —-APP : by TG-FTIR
80+ Absorbance bands em™! Products
9} 930 960 1610 3320 NH;
g 60 - 1300 ~ 2000 3500 ~ 4000 H,0
=
j§ 1200 ~ 1300 Phosphorus oxide compounds
[
~ 40
20p a 1 1 1 =
200 400 600 2
Temperature (°C) .
.Bi, 0,
100 —DPER
- - “DPER/Bi,0;
80
S PP/APP/DPER
kA -
g o0 190 ~ 260°C
E
< 40
[
o
201 300 ~ 370°C
olb .
200 400 600
Temperature (°C)
! . . . 500°C
Fig. 4 TG curves for APP with or without Bi;0;-0.7% and
DPER with or without Bi, 0;-2%
237 ~270°C
. ' 380 ~ 450°C
Bi, O,
Bi, O,
1 PP/APP/DPER 3
0.05 wt% ~ 0.5 wt%
2 0.1
wt%  Bi, 05 1 wt%
25 wt% 3.2 mm
0N UL94 V0 . 3 Bij,0, APP/DPER
T 300
g 400 .
E 4 Bi, 0,
g !
=il
z i APP/DPER
= S 20
3000 2500 .
200 F5500 o'}
(b) ivenamber (7

5  FTIR spectra of the gas products during the thermal
¥radation of APP/DPER with and without Bi, O3

a APP/DPER b APP/DPER/Bi, 05
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SYNERGISTIC EFFECT OF METAL OXIDES ON
INTUMESCENT FLAME-RETARDANT PP SYSTEMS

WU Na YANG Rongjie HAO Jianwei LIU Guosheng
School of Material Science and Engineering  Beijing Institute of Technology  Beijing 100081

Abstract Three metal oxides Bi,O; Sb,0; and SnO, in different amounts were added into the polypropylene

PP /ammonium polyphosphate APP /and di-pentaerythritol DPER to study their enhancing effects on the
intumescent flame retardance IFR .The flame retardance of the PP/IFR composites was tested by the oxygen index

Ol .TG TG-FTIR and SEM were used to study the decomposition processes of PP/APP/DPER APP/DPER and
single APP or DPER with Bi, O, . The results showed that Bi,0; Sb,0; and SnO, could increase the OI of PP/APP/
DPER and maximum OI values were found with increasing the amounts of the metal oxides. TG showed that Bi, O,
inhibited degradation of the APP/DPER at high temperatures and increased the charring TG-FTIR indicated that the
existence of Bi, O; changed the release of NH; and phosphorous oxides in the degradation process.SEM showed that
the 0.1 wt% Bi,0; made the char of the PP/APP/DPER homogeneous. Adding 0.1 wt% Bi,0; and 1 wt% nanoclay
into the IFR PP the value of OI could reach 28.3% with 20 wt% retardant the UL-94 could reach V-0 with 25
wt% retardant. The mechanical properties of the IFR PP system also increased by adding retardant with 0.1 wt%
Bi,0; and 1 wt% nanoclay.

Keywords Polypropylene Intumescent flame retardance Metal oxides Catalystic and synergistic effect





