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Melamine polyphosphate and aluminium phosphinate synergistic

flame retardant high density fiberboard composite

TANG Qiheng, REN Yiping, GUO Wenjing’
(Research Institute of Wood Industry, Chinese Academy of Forestry, Beijing 100091, China)

Abstract: Flame retardant high density fiberboard (MPP-AP-WF/PR) composites were prepared with hot-pressing
technology for wood-based products by adding melamine polyphosphate (MPP) and aluminium phosphate (AP)
flame retardant to wood fiber/phenolic resin (WF/PR) composite. To investigate the optimum flame retardancy of
the MPP-AP-WE/PR composites, the mass ratio of MPP to AP was explored. The effects of the mass ratio of MPP to
AP on the mechanical properties, water resistance, thermal stability and flame retardancy of MPP-AP-WF/PR compo-
sites were studied based on the bending strength, thickness swelling rate, water absorption, thermogravimetic ana-
lysis and limiting oxygen index (LOI), and the flame retardant mechanism was also studied. The results show that
the mechanical properties and water resistance of MPP-AP-WF/PR composites decrease significantly with the addi-
tion of flame retardant. However, the thermogravimetric results show that the flame retardant has no obvious effect
on the initial heat resistance of MPP-AP-WF/PR composites, but the synergistic effect of both flame retardant at
high temperature contributes to the carbon residue. LOI test results show that MPP has better flame retardant effect

than AP when the flame retardant is used alone. Further, when MPP and AP are used together, the MPP-AP-WE/PR
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composite has the best flame retardant effect when the mass ratio of MPP to AP is 1 : 2. It is due to both flame re-

tardants exhibit the synergistic effect, which can promote the formation of dense char residue containing phosphor-

ic acid compounds after the combustion of MPP-AP-WF/PR composite. The char can effectively prevent oxygen and

heat from permeating into the internal carbon layer, thus improving the flame retardancy of the MPP-AP-WEF/PR

composite.

Keywords: melamine pyrophosphate; aluminum hypophosphite; wood fiber; composites; mechanical proper-

ties; flame retardancy
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1 MEBSZEFHENR (MPP-AP-WF/PR) £ &§# B 75

Table1 Formulation of flame retardant high density
fiberboard (MPP-AP-WF/PR) composites

Mass fraction of
MPP and/or
AP/wt%

Mass ratio of

No. Sample MPP to AP

0

10
10
10
10
10

1 WEF/PR

2 MPP-WF/PR

3"  AP-WF/PR

4"  MPP-AP-WE/PR
5"  MPP-AP-WE/PR
6" MPP-AP-WF/PR

- O = O
N == -0 O

Notes: MPP—Melamine polyphosphate; AP—Aluminium phos-
phate; WF—Wood fiber; PR—Phenolic resin.
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Fig.1 Bending strength and elastic modulus of WE/PR, MPP-WF/PR,
AP-WF/PR and MPP-AP-WF/PR composites
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MPP-WE/PR. AP-WF/PR fil MPP-AP-WE/PR & &
OB Ry, 2475 T WE/PR & & 41 E, 25 W BELI 571
AU N WE/PR &5 A1 RHLIBRSE I, BOK 38
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PR E &R R, B K. MPP I AP & it ffi FH )=
MPP-AP-WF/PR & & # ¥} 1) R, fik T MPP-WF/PR
CRERp

B & 3(b) W LAE ., W BL 7 J5 , MPP-
WE/PR., AP-WF/PR Il MPP-AP-WF/PR & & ¥ ¥}
) Ry ¥ T WE/PR Z A M KL, BUBLAS Il MPP B
MPP-WE/PR & & #1 BHAY Ry 385 I AN B &, i B0

- _ i

512 WEF/PR, MPP-WF/PR. AP-WF/PR, MPP-AP-WF/PR & &#1%Hi SEM [El{%

Fig.2 SEM images of WF/PR, MPP-WF/PR, AP-WF/PR, MPP-AP-WF/PR composites
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Fig.3 Water absorption and thickness swelling rate of WF/PR, MPP-WEF/PR, AP-WF/PR, MPP-AP-WF/PR composites in 24 h
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Fig.4 TG curves of WF/PR, MPP-WF/PR, AP-WF/PR and
MPP-AP-WE/PR composites in N,

% 2 WF/PR. MPP-WF/PR. AP-WF/PR, MPP-AP-WF/PR
EE5MRIN TG #iiE
Table 2 TG data of WF/PR, MPP-WF/PR, AP-WF/PR and
MPP-AP-WEF/PR composites

No. 1 2" 3" 4" 5" 6"

T/ C 254.9 2549 2549 255.1 257.4 257.3

Tinax/ C 349.6 346.4 339.6 338.6 333.7 335.7

Charat600'C/% 239 27.8 308 31.7 344 33.0
Notes: Ts—Decomposition temperature when mass of sample

loss 5%,; Thax—Maximum thermal decomposition temperature of
sample.

ATEE G MERIE S — B EF s R Z, f
ROEGEIRNR , 25 52 5 R BEL A1 RE o
2.4 MPP-AP-WF/PR £ & #1 1} B BEL A 1% &8 R #L #l
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AP-WF/PR & & M EHIR B J5 B R 5k 7%, LOT W
R, HXYMPP 5 AP ik 1 : 24, MPP-
AP-WF/PR & & #4 B LOI 4 41.6 vol%, %i WE/PR
HEMEHER T 53.5%.

€ 6 ;) MPP-WF/PR Fll AP-WF/PR & & #1 Bl #%
P8 I 38 J5 5% e 3 1D RN PN S Y SEML 1% S AP-WEF/
PRE &M BRI ICE /3 i o AT LR B, MPP-
WE/PR Fll AP-WF/PR & & # ¥} i i< J2 26 T HE 5 2
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Fig.5 Limiting oxygen index (LOI) and photographs after combustion
test of WF/PR, MPP-WF/PR, AP-WF/PR and MPP-AP-WF/PR composites
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i) LOI B i %5 T AP-WF/PR & & 4 kL, 0] AP [H
PR 25 R W% 35 T MPP, % 3 5 MPP-WF/PR il AP-
WE/PR & & MR )2 R AN TR i . Al
PIZ I, MPP-WF/PR & & b B 2 N ER RS &
HC., OMPILE, KU MPPIRLEG A a] LLIE I
BERR K R R W AE S G MR R T, TR 5E R AHE 2
B BRI, S S MRk — 2 AR
BHEMNITE, X082 H T MPP 52 #4501
B R 25 W R NH,™, ¥ Z P50 R, AP 7 #%
B, PRIALITCRIE MR BRES 1, 4 L K & 5%

K6 MPP-WF/PR il AP-WF/PR & & EHA SIS 527k 3& 16 ((a).
(b)) FINHEE ((c). (d)) ¥ SEM &5} AP-WE/PR & & #HRHRIR 1)
TEE M ((e)-(h))

Fig.6 SEM images of external ((a), (b)) and internal ((c), (d)) char of
MPP-WE/PR and AP-WF/PR composites after combustion test and
elemental distribution ((e)-(h)) of char of AP-WF/PR composite

BB AP-WE/PR & 45 MBI 2= J2 P93 R 2
A AMPICER, RPH AR KE S AL BER
Fm)z, HAEE T BERAHR BIBHREH , Ik AP-
WE/PR & & #1 ¥} ) LOL Ik T MPP-WF/PR & 4 #f
B, dE—MEE LB, AP-WF/PR & & 1 BHR b
J&, IZNANRIEE BRI 5] 6(e)~
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% 3 MPP-WF/PR #l AP-WF/PR E5#PHRETENH
Table 3 Elemental distribution of char for MPP-WF/PR and
AP-WF/PR composites

2¢ 3"

Element External/ Internal/ External/ Internal/
wt% wt% wt% wt%

C 85.73 76.15 64.42 55.61

(0] 9.51 19.90 25.60 22.23

Al 0 0 1.92 5.43

P 4.26 3.95 8.06 16.73

I 6(h) AT 1, AP-WF/PR & & #1 Rl 5% J2 1 5k 4
AR X EE S AL, PO LK, i CILED
Mg, bk — 2 E B AP R b 5 7 A K e
Al BRI IR Z .

%] 7 5 MPP-AP-WF/PR & & ¥ B B2 i )5
B % 3% 1T A P A9 SEM IR . R L& BE, MPP-
AP-WF/PR & & b BF 38 = J2 - R T 1R 47 1) WF

N prall -,

€7 MPP-AP-WF/PR & &M AHALEIIR S SR 1 ((a)~(c)) N ((d)-(D) # SEM {4

ghHy, FREIES N MPP #1 AP B KIS, Al # K Hb
0% 52 G b RN I A JE R Be X itk MPP-AP-
WE/PR & & M BB A BAF BB BOR o i — 20 W%
R TH K B, MPP-AP-WF/PR & & Bl 5 )2 %
I 345 AP-WF/PR & & A1 BEHAHAL, R AR 25k
AR WORL , % B B 57 MPP FI AP & B
MPP 7 S AH FlBE 5 AR S 2 B VE . AP 78 5E 5%
AL, PR AT LA JR) s 7 AR R B SR A 3] BEL A
ROR, IRITEEM AT R R, RS T WF/
PRE &M EHK LOI, i MPP 5 AP BTk 1 : 2
i, MPP-AP-WF/PR & & # Bt /) LOI & K, H
41.6 vol%, It} MPP-AP-WF/PR & & ¥ Kl B A %
U BELIA 25 5 . BT MIPP il AP 114 R 18 38 A
() XU SRR T, WE/PR & A& M RHE R B it 72 h
ANGERMRRRE BN, B A TERR BRI R B
P 5 B LOT Fl i Bk %

I 50pum g _*#..

. N

Fig.7 SEM images of external ((a)-(c)) and internal ((d)-(f)) char of MPP-AP-WF/PR composites after combustion test
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(1) R = R F R us R £ (MPP) 1K 85 2 47
(AP) 1 7 BELAR 70 0 21 A £F 2 /5y B W I (WE/PR) 42
ARk, i & B = % R AT 4E AR (MPP-AP-WEF/
PR) & & Mk, #% MPP 5 AP Jfi & [t 1 4% fb %t
MPP-AP-WF/PR & 15 b4 ¥} J) 2 P g 1 B BR P g 19
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