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Effects of Ammonium Polyphosphate-Pentaerythritol-Melamine Flame Retardant on the
Properties of Bamboo Powder/Polypropylene Composites

WANG Jia-hui, YUAN Feng,LIU Zi-jiang, QIN Xing-fa,ZHOU Xia-xing"

(College of Materials Engineering s Fujian Agriculture and Forestry University s Fuzhou 350002, Fujian,China)

Abstract: To improve the flame retardant performance of bamboo powder/polypropylene (PP) composites,
the silane-coated ammonium polyphosphate (APP) was used as flame retardant,and the effects of the APP
amount on the flame retardancy and mechanical properties of the composites were studied. Additionally, the
intumescent flame retardant (IFR) was prepared by melt blending with pentaerythritol (PER) , melamine
(MEL) ,and APP,and the effects of the compounding ratio of APP,PER,and MEL on the composite flame
retardant and mechanical properties were also investigated. The results showed that the limiting oxygen in-
dex (LOID) increased with the increase of APP amount, but the bending and tensile strength decreased.
Compared with the untreated composite,the LOI of the composite with 15% APP loading increased from
17.1% to 21. 5%, increased by 25. 7% ,and the flexural modulus and notched impact strength enhanced
byl4. 8% and 32. 2% ,respectively.and the flexural and tensile strength decreased by 9. 3% and 28. 8% ,re-
spectively. The optimal mass ratio of APP,PER,and MEL was 3 : 1 : 1 for which the composite overall
mechanical properties were enhanced, and the bending strength, flexural modulus and notched impact

strength increased by 18.1%,20. 0% ,and 23. 3% ,respectively,and the tensile strength only decreased by
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10%. The cone calorimeter test results showed that the average heat release rate (HRR) decreased from
465.7 to 201. 6 kW/m’, decreased by 56. 7% ,and the total heat release (THR) decreased from 237. 9 to
165.3 MJ/m*,decreased by 40. 2% ,and the LOI increased to 25. 9% . increased by 51. 5%. But the total
smoke production (TSP) increased by 16. 7% ;the IFR had no positive effects on endurable smoke suppres-

sion.

Key words: bamboo-plastic composite (BPC) ; bamboo powder; polyethylene; flame retardant; ammonium

polyphosphate (APP)
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Table 1 Effects of APP content on physico-mechanical properties and limited oxygen index of bamboo powder-PP composites
APP ik 5 3 5 L NIS B 3

Bk o> %5/ % /(g+cem™®) /MPa /MPa /MPa /(k] + m~?) /%
0 0.93(0.01) 37.06(2.15) 3 380.51(234.43) 15.96(1. 34) 5.66(0.26) 17.1€0.2)
5 0.98(0.01) 34.25(2.01) 3527.03(221.68) 13.63(1.26) 5.94(0.18) 18.8¢0. 1)
10 0.97(0.01) 31.56(1.96) 3 634.05(204. 32) 12.56(1.58) 6.26(0.23) 19.9¢0. 2)
15 0.96(0.01) 33.64(2.13) 3 881.45(246. 63) 11.37(1.17) 7.48(0.21) 21.50.2)
20 0.94(0.01) 25.72(2.78) 3 056.73(212.53) 10.95(1. 02) 6.49(0.29) 23.200. D)
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BHEBEBE 45 s J§ HRR ik | W {H, o 555. 3 kW/
m” A IR T 26. 9% F1 40. 2%, M 1(b)a] WL,
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B THR fh 2l -7t 8458 300 s J&5 , THR fh£kF
¢ LRI T RE 530 s RPN IR Z5 R, THR
237.9 MJ/m’; BHEA B & MRS THR £k - F+-ita
PR ARGE REE 400 s J5, THR i £ 718 5€ 5 48
B 675 s JT .UM 15 % APP (5 & 4k THR H
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B YCO 2 78. 02 kg/kg, YCO B34 vl W1 &2 &
MR B 15 AN 58 4, CO ok #E — 0 5 il CO,
XA R IR R AE A R UR A APP 43 g B NH, i
H, O, A] R SR F1 55 #5003 4 s 6 O, Vi J32 Ok
b BRGS0 0 E — 25 R b e A B, AT A 381 /<
AHBEBR B9/, R 1D A LAk /PP B A

—a— JC B IR

Ler a)HRR i 4
800 |
600 153
100 H

200 g

PR RE /(KW e m ?)

0

0 200 400 600 800

B 1) /s

c)YCOMh £k

=4
=
ot

40 +

0 200 400 600 800

i) /s

BB be 1 i 22 77 A R I A T B AR A PR L 52
F R TSP ST W il 4 oKL 23 Bl R BE 250 s AN
330 s J& » APP I IFR 4b B i 52 & A1 87 A2 /Y 0 <
Yy ok Ak 5T 5 bR, TFR b 309 52 & M RN
TSP 2y 31.5 m*, L RALH S G 41 R TSP 34 m 1
16. 7%, X ATAES P 2 77 (4 i E) B 58 ) BELAA 52
BRI ER R Z AR EA L. mIE 2 T,
HEIE e I LR R BELAA &2 & bR R T 2% = K
FL DU MR e 5 56 4% s TER BHAAAY 525 44 RL A
BeJa R ORI R @2 Ui APP B [ i =
Py 7 A 3 S 7 TR R R U R M o A IR
JE M AR 1R S B R AR L (F I B 2 PR b it
[F) B4 S L 525 R 3 THT 19 2 S22 AN A8 IS [ e B 22 7]
PR Z SR BRI R 1 B4 L 08 T 2 A MR S
F4 BELAER P T L 5 0™ 0 1 K

—a— 15%APP —-311:1

300
b)THR i £

[
(=1
<

BB E/(m] »m )
=
[

0 200 400 600 800
I [6/s

35 1
d)TSPHH £k

[ w
D =

20

M B /m?
-
wn
.

—
w <
T T

0 200 400 600 800

i 1A/ s

1 f#%/PPEAMBNARHER EABRME.COERE.ZR~E MK

Fig. 1 Heat release rate,total heat release, YCO,and total smoke production curves of bamboo powder-PP composites

2 2 AL R A A & 4 OFH HRR Fil THR
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HRHY HRR A1 THR [ 2 5 A%, 20 5 4 201, 6 kW
em *H165.3 MJ « m %, Zp BIREAR T 39. 4% M
23.3% . H A MBI S B E] (time to ignition,
TTD# %, A 13 s, IFR AL #E 5, TTI 4 fF 4t
Ko BHERAL PR & 4 B 5% % R (residue weight,

RW) B¢ A 2 55, 3R W] APP & 1) {2 #F il sk 19 7 1T 5
J&, APP Fl IFR Xt TSP #5200 A B &8, 7R e — =2
HEAR G T A o L R I PR RE . SRR S AR
AR S5 R —BUh S . 5 15 % APP BRI & & 41 AR
oL 3 IFR B & & # OB LOT A Frd K, 2 APP
: PER: MEL k2 : 1 : 18, & 48R LOI
21. 7% 4 % 23.8;24 APP : PER : MEL % 3 : 1
s 1B, LOT 4k 4242 85 & 25. 9% ; 4k 5245 &5 APP i
di H . LOT AN P4k L3 K
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Photos of residue bamboo powder/PP composites

after CONE tests
2.3 IFR T2 E & # B IE N FH R M= 0
LA APP Jy 3 22 J0RE A4 i A 50 BEL A58 500 6 A7 A/
PP &G MY B 2 YR RE R S W L3R 3. XF 3% 3
Hh Y Bl AT PR DR 30T 28 0 T RT R  SR BRTR B L 2N

DU T = 2R U 1) T EL X A2 G M RL 45 T B ) 2 4
bR BEF W (P<<0.05), 5% 2 hiEm 15%
APP (5 &M B G TFR BH A & A 0 k) 1 25 B g
R, R 1. 02~1. 08 g/cm®, B & # B A5 il 55
JEE A AR R A B X B a L I NIS SR A
BEfik, 24 APP: PER : MEL {2 : 1: 1 B, & &
MARH S 5 B2 R oy b iR B2 3 L NIS BEAIR, Bl &
APP 78 3 FlobA R b o451 (%) 72 8 38 < 52 A MR FE
firsi B2 AN NIS 530 ) A8 4k, J) 2% 7E 5g SR A 75 1]
MR . A5G BHEA MR RE 4 B ) 2 M RE DL DR
WAk SN & i APP: PER : MEL 5 3 : 1 : 1
h = B ] 5 R BRI G R R AR L L B
AR LOL R 25.9% 48/ T 51. 5% ; HH Bk
77 2% P fig 3 s, A il s R R A il R R 4 0 4R
18. 1% A1 20. 0%, NIS #2155 23. 3% AL fism fE T
[ 9.9%,

®2 f1#/PP EAMBMMEFESHMMREIELY

Table 2 Combustion characteristic parameters and LOI of bamboo powder-PP composites
. TTI HRR THR TSsp RW LOI
HH /s JRW em™2) /(M +m ) /m? /% /%
I ER ] 13(D) 465. 7(46.0) 237.9(12.6) 27.0(1. D 61.6C0. 1) 17.1(0.02)
15% APP 15(2) 276.5(16.4) 176.4(2.5) 29.3(1.3) 64.9(0. 1) 21.7€0.12)
2:1:1 15¢1) 282.3(16.7) 182.4(3.3) 27.1€0.4) 64.2(0.4) 23.8(0.13)
3:+1:1 18(1) 201.6(20.7) 165. 3(4. 2) 31.5(1. D 64.9(2. D 25.9(0.10)
411 21(3) 292.8(41.8) 176.0(5. 6) 28.3(1.5) 64.4(0.6) 23.7€0.15)
5:1:1 18(1) 290. 3(25.5) 166.9(0. 1) 26.20. 1 65.1¢0.9) 24.5(0.13)
6:1:1 17(3) 296.7(3.4) 169.7(6. 7) 27.9(1.3) 66.1(0.4) 24.6(0.17)
TE 465 P S b o O 25
*3 BEHBR.FRXEUBM=ESRANGELEITH/PPESHRYIETEEENIIE
Table 3 Effects of APP,PER,and MEL ratio on physico-mechanical properties of bamboo powder-PP composites
I 5 i3 25 i A5 A i NIS

APP# PER # MEL /<g%i**> %/Tafar; %/Hfﬁf h/{ilﬁf%f (k) e m )

2:1:1 1.06(0.02) 43.87(1.38) 4036.30(253.18) 16.01(2.01) 6.26(0.25)

3:1:1 1.06(0.01) 43.77(2.67) 4057.93(221.67) 14.37(1.43) 6.98(0.28)

4:1¢:1 1.02(0.01) 42.39(1.92) 3719.66(239.45) 14.16(1.62) 6.76(0.17)

5:1:1 1.08(0.01) 45.11(2.51) 4089. 55(268. 18) 15.55(1.51) 7.2700.27)

6:1:1 1.07¢0.01) 46.49(2. 34) 4242.90(247.92) 13.73(1.38) 7.66(0.26)

T AR5 N bR D 22
3O&ib i

TERELE B APP B3 in Xt 30 %o M # /PP &
A REE S BE PR B A NIS A5 0 R 2 3 Xt
e IR AU 025 ik B N I AR A Y S e L B
% APP R MBI, 2 A MR LOT 3K, 25 il 5
JEE RV A8 3 T B 7 g A B S RS T B L NS B
R38R, LA APP R . PER Ny % . MEL A%
P52 1Y TFR vT ik — 20 ol 38 52 & 4 RE 9 BHL K 14 B
I N

APP (5 H o 15% ., & A # kY LOL H

17.1% 45 % 21. 5%, HRR #l THR 4 571 & 1%
41.9%F1 25.9%. UL APP : PER : MEL J 3 : 1
: 1414 IFR, A0 15% IFR i, & 4 6 B )y 2
PR RE SV 98 25 il 5 BE S R i RN NS 43 50
37.06 MPa,3 380.51 MPa.5. 66 k] « m *#ig &
43.77 MPa.4 057. 93 MPa.6. 98 k] » m *, 5K
BRI A A BT E, 4 4 v T 180 126,20, 0% 1
23.3% P {d 5% BE i 15. 96 MPa F [& & 14. 37
MPa, [k 10% . % 15% IFR B, & & # K 5
LOI N 25. 9%, 5RMMRE G M A M LR T
51.1% ; HRR WU {E 1 928. 9 kW « m R &
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555.3 kW « m %, J&{% 40. 2% , HRR Hf 465. 7 kW
em ZREMRE 201.6 kW » m 2,1 56. 7%, THR
H 237.9 MJ » m “FEALE 165.3 MJ » m *, F# AL
30.5% o AHR 4T S O 45 ) )5 & A MR R
T 7= A 1) e B 22 ) A 5 R ) SR 4% R 7= R B 3 KL %
IFR XF &G MBS B F A Bk .
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