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Synergistic Flame Retardant Mechanism of Tripolyphosphate Intercalation Modified LDH
Combination with Decabromodiphenyl Ethane
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Abstract: A tripolyphosphate-intercalated layered double hydroxide compound (LDH-P) was prepared by using exchange method,
with flame retardant and structural characteristics. Then, sodium oleate was used to modify the hydroxide, thus forming LDH-P
composite (LDH-P-S), by using a water bath method. The synergistic flame retardant behavior of the LDH-P-S with the combination
of decabromodiphenyl ethane (DBDPE) on polypropylene (PP) was evaluated. When the content of LDH-P-S was 25% and the total
loading of the flame regardant component was 30% in the system, the oxygen index of PP was increased from 24.2% to 24.9%, the
total amount of smoke released was decreased by 10.3%, the peak heat release was decreased by 38%, and the vertical combustion
performance reached V-0 level. Owing to the synergistic flame retardant effect of LDH-P-S and DBDPE, the amount of DBDPE
could be reduced, while the comprehensive flame retardant performance could be effectively improved.
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STTC 2 BHLBR SR TN s AR ) % R BRER 1 D
77, ¥ LDH-P-S. DBDPE. Sb,O; 1 PP 78 /3R &,
SR 5 K VR A D I BB AT B R AL A Rl B R
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Table 1 Formula of PP/DBDPE/Sb,03;/LDH-P-S composites

w/%

Sample No. PP DBDPE Sb,0; LDH-P-S
PP-1 100 0 0 0

PP-2 60 30 10 0

PP-3 70 22.5 7.5 0

PP-4 80 15 5 0

PP-5 70 6.38 19.12 4.50

PP-6 70 6.00 18.00 6.00

PP-7 70 5.63 16.89 7.48

PP-8 70 5.35 15.75 9.00

w is mass fraction.
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(b) FTIR spectra of LDH-N, LDH-P and LDH-P-S

K1 LDH-N. LDH-P fil LDH-P-S [{J XRD il FTIR %
Fig. 1 XRD patterns and FTIR spectra of LDH-N, LDH-P and
LDH-P-S
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Fig.2 TG-DTG curves of LDH-N, LDH-P and LDH-P-S

HE KBRS R AS, Nifert
LDH-P(LDH-P-S)] FH#AVERE -
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FREN— i (ISR /K 36 5 LDH-P R 3 A L2
SNETE G S s 5 — i & NN B K I R B e 4
H T van der Waals JJ A1 88 1) $E [F]4E FH 45 75 7 R B
KAEGE I 4> —BUm 4b, MIM{E LDH-P-S ¥ 52K (i
AAHKH. HE 3d 7% F LDH-N Al LDH-P
P U0 e 7E R R R R, 1 28 R B 2 S
LDH-P-S U 4> &S 7R R HRER WL B it
M, R ERIERES TR —3, K9 LDH-P-S
T S BA LU B K PR B

31.5° 70.1°
(a) LDH-N (b) LDH-P
98.7°| | ™ "_j

LDH-N LDH-P LDH-P-§|
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K3 LDH-N. LDH-P f1 LDH-P-S ()i P 7 47
Fig. 3 Wettability analysis of LDH-N, LDH-P and LDH-P-S
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W Fff7E LDH-P JZ=# %1, 8 LDH-P-S FokLla] 1) 7%

(AL BEIE I, A 2%BH1E T LDH-P-S Hi¥[A)AH B #%
2 R R 73— o A AL KE A1 5 R A LT )
MM, FrUABE I 4b~ & de ¥R WEHE K
LDH-P-S HIZ&Hif, FHH GRS R+ Mg f1 P
A S), UL MEREN P S () LDH-P-S 534k
RRWABIF AR, LDH-P-S Al DUR I 7 BUE
RN MR

(a) PP-3

(b) PP-5

(c) PP-6

(d) PP-7

(e) PP-8

4 PP/DBDPE/Sb,O; I PP/DBDPE/Sb,0:/LDH-P-S & 441k} SEM & EDS 4:#7
Fig. 4 SEM/EDS images of PP/DBDPE/Sb,0; and PP/DBDPE/Sb,0;/LDH-P-S composites
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SRIREE T 63, 56, 51, 59 C(ARR A KL AN
396 C). [AINF K 5 ATLAB R A 2, K EEE
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AR il 25576 PP/DBDPE/Sb,05 #4443 fif
Mz B, XEWAERIINT, EEME
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Yoy R B s 4R E B E] 385 CLL)E,

LDH-P-S 7 = JE Ml 25 4h 1 AL i3 SR PR s sk

HH& 2 A[ %1, 34 LDH-P-S HUft DBDPE/Sb,0; =N
15%-. 20%- 25%F1 30%F, JliR &4 PP/DBDPE/
Sb,03 EEMEDHIRTF T 2.3%. 2.4%. 4.3%F1
9.5%, TR ERTE A R T1EE G AR B N
AR BT AP 7Y, B LDH-P-S & 73 BUAR
DBDPE/Sb,0; A F| T 42T+ & & A RHI BRI RE -
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201
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K5 PP/DBDPE/Sb,0y/LDH-P-S & KA TG HiZk
Fig. 5 TG curves of PP/DBDPE/Sb,0;/LDH-P-S composites

32 PP/DBDPE/Sb,0;%1 PP/DBDPE/Sb,0;/LDH-P-SE&
MR TG $iiE
Table 2 TG summary results for PP/DBDPE/Sb,0; and
PP/DBDPE/Sb,03;/LDH-P-S composites

Sample No. Tiov/C Tso0/ C Reduction/%
PP-3 348 396 3.8
PP-5 361 459 6.1
PP-6 358 452 6.2
PP-7 352 447 8.1
PP-8 356 455 13.3

Tio% is the onset decomposition temperature; Tsg, is the decomposition

temperature.

223 HEMEHIGEERGEIERE AR ST E AR
P& GB/T 2406.2-2009. GB/T 2408-2008 #5H*t PP,
PP/DBDPE/Sb,0; A1 PP/DBDPE/Sb,05/LDH-P-S &
ARV B AT S BRI B R e v AR AR, LU
REE R W 3. 41T PP/DBDPE/Sb,0; E &4k, H
AR HBEE DBDPE/Sb,O5 ¥ I 13 N 1M A i 1
hns HES N 30% BT 2 V-0 K BRAARAE,

LI LOI {59 24.2%. %} PP/DBDPE/Sb,0s/
LDH-P-S E&MEL, Y3z Bl FH L7 (DBDPE.

Sb,O3. LDH-P-S)[1) & it &4 30%, LDH-P-S Xt
DBDPE/Sb,0; [IHUARBT & 7378 15% 20%- 25%
F130%MT, A ARG I BB ERE A TT LA F] V-0

oo HEACE A 20%81 25%I5, E A RHEIE S UL E
24.9%, tLAESERS DBDPE/Sb,0; FHMAER FIMEA R
Fa% 24.2%)8 EEH 0.7%. Z5F KW LDH-P-S
53U DBDPE/Sb,05 3RA3 SR FCREAAA, AMER] LA
/D 1 R BEBAF 48 =, 1M BT BA5 DBDPE/Sb,0;5
RAEWBAER, TS SRR AR .

3 PP/DBDPE/Sb,0; %1 PP/DBDPE/Sb,05/LDH-P-S £ &
MRHERIG 1 BE
Table 3 Combustion properties of PP/DBDPE/Sb,0; and
PP/DBDPE/Sb,03;/LDH-P-S composites

Sample No. LOI/% UL-9%4
PP-1 17.2 V-2
PP-2 22.8 V-0
PP-3 242 V-0
PP-4 26.1 V-0
PP-5 24.1 V-0
PP-6 24.9 V-0
PP-7 24.9 V-0
PP-8 243 V-0

LOI is limiting oxygen index.

224 SEMERBRBRE Bl HEE
OO A PR HUR 26 (HRR) . AR UE 2
(B (PHRR)~ AEM033 2 (SPR)FI A= M 1 i (TSP) 5
HORVPAL A PRME K i fa st . 2 8] SbyOss
DBDPE. LDH-P-S W& &K 30%, H LDH-P-S
# 73 B AX DBDPE/Sb,O5, 43 2 A [F] 5 e L 471 1)
PP/DBDPE/Sb,05/LDH-P-S (1] #R it i = & (1] 6a,

* 4), Hr LDH-P-S HRHEBAFIHER 0(PP-3).

15%(PP-5). 20%(PP-6). 25%(PP-7). 30%(PP-8).

MK 6a F1Fk 4 AL H, DBDPE/Sb,0; REA 24 F%
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Fig. 6 HRR and SPR curves of PP and PP/DBDPE/Sb,05/
LDH-P-S composites
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Table 4 Key cone calorimeter test data of PP and PP/
DBDPE/Sb,0;/LDH-P-S composites

Sample No. PHRR/(kW-m™2) THR/(MI-m?) TSP/m”
PP-1 858 101.2 7.88
PP-3 626 72.7 26.72
PP-5 608 69.1 24.98
PP-6 577 66.5 25.12
PP-7 528 70.9 23.98
PP-8 500 65.1 21.72

PHRR is the peak value of heat release rate; THR is the total heat release;

TSP is the total smoke production.

225 HAMERiEtEse RS NEEMER
Wrad i Ze, S haR AL by B A A R B2 S5 )
MERE. XtT PP/DBDPE/Sb,0; & & 44K (PP-2.
PP-3. PP-4), BHIAFIBIINAALH )51 Bed5 A plrdie
=, HEEAE ERARIAS IS g N, 23 KE
IS, 24 DBDPE/Sb,0s HIVRINEA 30%I ik
Pl KA. MU, BRARIE S B A A
AREAVER, T Hodk s B n 1 & S A0RHE 3
%} ¥ LDH-P-S/DBDPE/Sb,0; 24 LDH-P-S H{ A%
DBDPE/ Sb,0; &N 5%(PP-5)F1 10%(PP-6)i}, X
PP BRI Sy AN B, Z/EHE
LDH-P-S %t DBDPE/Sb,0; B ERIB N, &4
RHRL R A BTBRAR, (HHPUE fh5e /) [ 3R15 0%
WIETH. 24 LDH-P-S % DBDPE/Sb,0; [{HU & ik
3 30%H, EEMETE M4 REL S 68.51 MPa,
Eegli PP 325 T 13.0%. XRAH TS E ST A5
REETWITEFETIA G, RS A A B (1) W4 A1
FIREE IR, AR TR EE AR P thse
%5 PP/DBDPE/Sbh,0; %1 PP/DBDPE/Sb,05/LDH-P-SE&
MR FE s
Table 5 Mechanical properties of PP/DBDPE/Sb,0; and
PP/DBDPE/Sb,0;/LDH-P-S composites

Sample  Elasticity Tensile Flexural Bending

No. modulus/MPa strength/MPa  modulus/MPa strength/MPa
PP-1 752.85 20.34 60.63 11.84
PP-2 761.52 20.71 59.32 13.99
PP-3 890.19 21.69 66.35 14.13
PP-4 819.79 18.53 55.02 12.78
PP-5 808.35 19.31 65.54 12.04
PP-6 694.07 18.62 65.54 12.04
PP-7 555.73 14.54 64.33 11.83
PP-8 559.58 14.13 68.51 11.85
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