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Research of Flame Retardant PA66 Composites with Benzoxazine and
Diethyl-Phosphate Aluminum
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Abstract: Flame-retardant nylon 66 (PA66) composites were prepared by melt blending process using
bisphenol A benzoxazine (BOZ) as synergist and diethyl-phosphate aluminum (ADP) as flame retardant.
The synergistic flame retardant effects and mechanism of PA66 composites were investigated by means of
UL94 vertical combustion test, limiting oxygen index (LOI) value, cone calorimeter test (Cone), SEM and
TGA. The results showed that BOZ and ADP had good synergistic effect on flame retardant properties of
PA66. The introduction proper amount of BOZ could not only improve the flame retardant properties of the
PA66 composites, but also enhance the thermal stability, and have little influence on the mechanical
properties of the material. When the adding amounts of BOZ and ADP were 0.3% and 7.7% (mass fraction),
respectively, the prepared ADP/BOZ/PA66 composites could pass UL94 V-0 flammability rating, the LOI
value reached 32.8%, the tensile strength was 81.52 MPa, and the bending strength was 111.11 MPa. The
flame retardant mechanism revealed that both ADP/BOZ and ADP were dominated by gas phase
flame-retardant mechanism and accompanying condensed phase flame-retardant mechanism
simultaneously.

Key words: PA 66; diethyl-phosphate aluminum; benzoxazine; flame retardant mechanism; synergistic
effect; rubber and plastics auxiliaries

Foundation items: National Natural Science Foundation of China-Youth Science Fund (51703051); Science
and Technology Development Plan of Henan Province (162102210023, 162300410018)

Ui HEA: 2018-06-20; EF HEA: 2018-11-08; DOI: 10.13550/1.jxhg.20180445
HEEWH: ERHFERFEESIH (51703051); WRARH A RIHITHHE (162102210023, 162300410018 )
fEHEN: B¥E (1995—), B, WitA. BRA: BHE (1974—), &, #E, Hi+-4 S0, E-mail: xmfang@henu.edu.cn,



52 M

iliy

Vg, S5 RIFRSGR ML — R BERR R A PA66 MRS 323 -

PAG66 ELAT R AF B SV | I JE ok . i ah v A
PeRg, J2rERets, By TN, ezt
R, HZ AT MRPeD), M R S 4 ( LOT) 2 23%,
I BRbe B PR, S5k e R,
PIA X PA66 HEATRHAARCE . 5 A i 28 BHLAA
FRAE 32 P73 fif S5 B RELAA 85 2R 10 [] e B Hh A 7 X
P, RS2 BIBRE] , TG 5 BEAR R R oK K R 0 SR T5
T o W9l 28 BELAPR ) 38 5 ] A =R A0 5 2R R ] e 2 4%
BELRAE AT, BRI AR X e, S B TE B AL 1Y
HE@EE

ot A U R R e — IR R B TG BT,
TA LB R S 2 PR SR BB AR, AT A SO
FIEESRAH R A R BHARE T, BHAASSCR &, JF H R
AR . R ToEE . IO LA S A A R
SEgE A e R B R L S5 A R R

I8 PR T A7 A6 ] B 1k BRI & B, [)
AP R IRAE . SCHRARGE , e S i R 6 B
AT T PAG BHAER . AR A T 5 T 3R B
FRERBEAAT] , 38 s ml H TR ) 45 T B PA6 B A&
MRbe MBHBRR T 50 20%0E, B Ak LOT
{4 26.4%, UL94 itk 5] V-0 ¢, fits &V
TR BERR AR N TR PA6 h, B K
2%}, BAMEE LOL N 33.5%, UL94 Mlikik
T V-0 Yoo HRIA A e SO B IR ER T BH
PA66 HHIE .

RIEREE (BOZ ) Aok & R e o i) — Fi
RUPATE PR AR Y, ELA I S A e e AR A
R 1) o T S5 R T RE ) SO ak R R (AT gk
60%~70% ) SEPLa, HAorF 450 h i J AR R AT L
TE R S, B RIS RS R R R
FPR

AR — CFE R W2 AR ( ADP) iy FERHIA
F, 3 A 7 BOZAE A sl 1), T FHAA PA66,
FEXH AR R PR RE AN S AR RESEA T T 25 5 0F
W R34, IBFSE BOZ F1 ADP 7EFH#A PA66 Hr (1
BAEH

1 SCIGERSY

1.1 RFI 588

PA66, EPR27, ~F-Til i #it & A A FR A A
ADP, Z[H Clariant AH]; RIUF M (PTFE),
EEMHIPAF; W A % BOZ, F:inas [ k12,

SHR-10A Bt FER AL, IKFZ AL 2HLMA
FRAF]; AK22 [A] ) SUBRFFEF AL, md KB AL T
WER AN SZ-100/800 T IA I, T3 X
AR JF-3 EAEE AL . CZF-5 T RS
FEAL, MR TTVL T XA Es); WDW-20E HL§
JTREIRIEAL . DZY-90 Bl [T HIAEHL, T pg fH BB K AL
A A F] 5 zbe8400-C 4R np i i B0 L, JEHTEE
T RGAHRAT; TGA/DSC3+Hk TAMTAL, HF
R A wl; FTT #EE &AL, 3EE FTT AFl;
JSM-7610F L+ B fe, H AR FikX St
1.2 KHEHE

PA66 Z & MPEHIEL 7 L3 1.

# 1 PA66 BRI )T

Table 1 Formula of PA66 composites
B W(PA66)/% W(ADP)/% W(BOZ)/%  W(PTFE)/%
1" 99.7 0 0 0.3
2" 91.7 8 0 0.3
3* 89.7 10 0 0.3
4" 91.7 7.7 0.3 0.3
5" 91.7 7.5 0.5 0.3
6" 91.7 7.2 0.8 0.3

135 1 FREL PAG6. ADP. BOZ LI PTFE, 90 °C
T 8h G, WA RERPV FIREGHA],
SR 26 SUBFTBF AL 1, 75 30 3550 () ok iRk R
B LA BORE 3R 260, 265,265, 265 1260 °C,
WRFFFE N 120 r/min, A3 k0EHE 100 °CHET 4 h
i, RSB AL 2 BRI, AT A G,
HIRIRE N 265~270 °C,

1.3 MBEK 53R A

T RBEERE (UL94 ) % GB/T2408—2008™
ML, FELRAE N 125 mmx13 mmx3.2 mm; LOI
it GB/T2406.2—2009 4%, #£ 4K N 80 mmx
10 mmx4 mm; HEIEEPALHE 1SO 5660—1 :
2015 W, RS FIAS A 100 mm> 100 mm*6 mm, R
AT N 50 kW/m?; HEHE I B 2 5 15 21 1 5%
W, Gt BAS WA AL PSR AR m R ML S, Ik
JE N 5KV, FRMECH 10000 1% Hsk 305 6 2
T 25~800 °C, FHEHR 10 °C/min, EATA,
SR N 50 mL/min.

it GB/T1040.1—2006 A 5 ()P {58 B
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FEAH 1A BINERR BURRERESS, JEEEN 4 mm, B5HE
64 mm, FIfHHZEY 50 mm/min; % GB/T9341—
2008 R AR A9 A AR A, RRARIAK S 80 mmx 10
mmx4 mm, PMERHEN 2 mm/min; % GB/T1043—
2008 R A ol 11 whl SR, BRUERE S K
80 mm X 10 mm X 4 mm, HHKH 2 mm K V A,

2 H#R5iTR

2.1 PBRBRMERED R
FH#% PAG66 & KK UL94 il LOI ik 45 5
k2,

# 2 PA66 E AR BEAAMERE
Table 2 Flame retardant properties of PA66 composites

B LOI/% UL94 LGRS
1" 21.5 V-2 Yes
2* 30.3 V-0 No
3" 32.3 V-0 No
4" 32.8 V-0 No
5* 30.5 V-0 No
6" 28.8 V-2 Yes

& 2 nf0L, BRSO ZS TR, IR o
#7 0.3% PTFE J& 0 T MCEIA A IS . g
KB, VRE S SRR R ZR B , UL94 P V-2 2%,
LOI A 21.5%, BAbeid b A I . %
PR ADP J5, &G BHERTE RS 2R Kk
. M4 ADP RIS 8%KT, 21FER ULY4
MHAGE 2] V-0 9, oIS, LOL W T3 30.3%.
ADP JE 0500 10%0}, 3198 FE A T BBt ik 3]
UL94 V-0 %, LOI 255 32.3%, WA ADP &
IR PAG6 HYPHBRIERE

Sy it — A4 BRSO, 5% BOZ F1 ADP #E
PA66 BHIAH I VER, RRFBHIAT] ADP #1 BOZ
BRI, A AR EL, R BN T A AR
S8R 7.7% ADP ., 0.3% BOZ I, 4“i AR+ ULY4
V-0 BHEAZ, LOT fE = 2] T 32.8%, ANMUE T

S8 8% ADP Y 21K, o T IS 0 435
10% ADP () 3%FE, Al L, /& BOZ BIIABER
KRB = PA66/ADP & R MFHAMEBE, R
ADP 1 BOZ Z[0)H % W& W WM BB E T o (HE,
RfifF BOZ MY it 0 B0% A # = 5 0.8%HT, UL94 T
M3 V-2 g, LOI{H W R3] 28.8%, Ui ADP Fl
BOZ W EIME A — F Al A ¢, R T AR FRBHAR
PEfE, BOZ BB BN T B 0.5%. BT 6"k
FHAAPEREANEE, BHIL, FOURZRLEXTHE L,
2.2 HERERNSHT

FHEL PA66 AT KHIAR L H R (HRR )
RULIE 1, BEARBURE L 3. VRER— 25, Rl
R, HLEMRB5E4, HRR 2k rh R — i
BRI, PRSI HE 2R IE A ( pkHRR )3k 1168.16 kW/m?,
ADP [Nl 52 AR RHR SRS HIGH R B S FRAIC, I
HBE ADP ZANE G, PA66 524 BB BB
NS, BT R34 10% ADP RIS S HREH(37)
i) pkHRR FF%] 535.06 kW/m?, [ I"RESL FRE T
54.2%. I ARG BOZ &, FH# PAG6 iAAE
AR STRY BRI RN, BRI o I A AR
P ARG T BRI A R I i 0 5 0m) h 8% 27
EE, AT BRI BT B 500 10%09 358, L
B BOZ fil ADP HA K EIFHMIEH, =& &
e ] B AT KRR, DR 2 A AR BRI %
IR
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HRR curves of flame retardant PA66 composites

Fig. 1

# 3 HEE PGS,

Table 3 Results of cone calorimeter tests

P TTI/s  pkHRR/(kW/m?) THR/(MJ/m?) EHC/(MI/kg) SEA/(m%kg) avCO/(kg/kg) avCO,/(kg/kg) WRKE/%
1 108 1168.16 151.39 25.06 46.6 0.03 2.03 10.1
2" 110 920.32 155.46 23.35 332.4 0.06 1.74 11.9
3 120 535.06 164.04 23.16 4572 0.06 1.65 12.2
4" 76 517.48 150.32 21.27 4225 0.07 1.51 153
5 60 334.19 111.48 20.97 370.9 0.06 1.52 15.9

FE: TTI AR A e JOE MR B R T 2 R (1 JSORR A ) 5 pkHIRR J2 A% BRI {H ;. THR SR EHC RARUREER;
SEA S HIHGIHA; avCO 2 V3 — S B it ; avCO, T3 BBt SR g T i 348
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AR (EHC ) 32 5 e v BRVE 4% % 4 e
SARIRBE T R B 25 A L AL ( SEA ), W]
FHT AP A ER ST . 1R B9 BHC fem, HORE
2P 3MAKE, 4R SHARERRAR, X RHVBOHE R4
Wres i—30, i8] ADP/BOZ (ARSI T Bk
flifl ADP, {HJE22HEAN K, 2°~5"FEMh Y SEA 3%
T URENY, JT ELFE ADP MR R K X
PR kg BELAR 500 B i A ) T 52 R 4 fidt 7= A ) ROk
PEAE R PITE AR TRk b, = AR 2 0. #E
B2 5 B ER LR SEA A H IR AR e H, 3t
B ADP 2 LASCHHBHIANLIE K =, I HAESAHFIEESR
AP ) & 4 BHRVE o 51 AR ) BOZ Ji, 4%Fn 5*

) SEA FEkmE¥E T 248k, WH/0 & BOZ 1)
SIAAREA Bl BH KA 3 8 4 & 445 SORH BH B A%
W, WAL A M RDE BUE 258 k)2, BHEE AT
Y. SRR R R AS i, R TR SR A B AR
SRR AAE TP IE], PR ELAE T O S A BEL Ik
fit. BLAN, XFEe 47F0 SMRRE, JF454 UL94 il LOI
M5 0] 0L, BE%E BOZ W& 3% K, BOZ/ADP
RELAR 44 22 11 A BELAR S50 o A1 1717 45 2R AH BELR AU
SRR, 0 A DM B A BRSO AR
2.3 BHRREROH

HEIE B BN JS BHR PAG6 54 AR Ay |2
(Y HE R LI 2

|

K2 IR RIS BHRA PA66 A HRIR A 52 1 B

Fig. 2 Photographs of carbon residual layer after cone calorimeter test

mE 2 fia, VRS SEbe, ORJZA M.
LN ADP BYIRAE 270 37 I B R 2 (B R 2 3%
A B 2L RALIR s 78 BOZ Bhikm , 471 5° Ry ik )2
EL I €

HETE e MRS BHAR PAGE B A M RER A 2
FTIOULTE 35 1 DL I 3.0 mT AR 2R i ADP 1938
BE 2PN 375k ok Hp LSS I 2 FLRIRA O e s 4, )2
AL R R AT IR SR R e R AL b B AL T
HiE, PR EIE R, MELL R YRR R AR B RS R
FH, Ui = DS LIE S £ o {HES i BOZ
DI, RIZI IR, sk, 4R 57
R RN Z AL, 9 T IR A ER, Ut
HT 5 SR A BELBA A 3 5, 5 i A BEL A LB 20— B
24 HEKEHH

FHEK PA66 &AM R TG Fl DTG 4k 4 51 0L

K3 HEIE B A S 2 I BOME 55
Fig. 3 Microscopic morphologies of carbon residual layer
after cone calorimeter test
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Fig. 6 Mechanical properties of PA66 composites
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i 14 25 A AR A A /N, S gl R TS A R AN )
10%., T F37 A 5 B8 R fple 1 ool o B8 R B B, X2
T BRI A A AN, AR, &
HA R S, M S EERE TR, AR B RE S
R 125 e RE , 24 ADP B B0h 8% B &
MR 2R e Re A, HPL R | SRR . il
PR IR L w5 40 314 83.49 MPa., 119.75 MPa,
2695 MPa, 5.124 kJ/m*, #¥f BOZ J5 Pifias i | 25
HEY IR LN R 215 7 Ny NI (= 7w R T
FERE BOZ s I ()36 2210 3 F B o Y BT B
HnE R 50N 8%( 0.3% BOZ H1 7.7% ADP & i )
b, R ARG RLMGER | A R L A A
a5 B 43 14 81.52 MPa. 111.11 MPa 2700 MPa.,
4.981 kI/m*, SikkE 2"MItL, Ji2ERREAR LA K,

T/ DU N BOZ XM R T 2 PR BESE /N

3 it

(1) ADP X} PA66 A RAFHIBHEAMERE, BN
=08 8% ADP if, PA66/ADP & &M B AURF;
R 2 tERE, UL94 MHKAE] T V-0 ¢, LOI
Wk F T 30.3%,

(2) s BOZ # ADP BA R 1Y & B ik
FHARFEFT, JF H UM FRCR N — & BB b A 56 . HiFH
FRAILBEIR: DL SUME BEARVE F A 32 0 ASAE 1S 2R AR B [+
FEAAALE . >4 BOZ W BT 43 %0h 0.3%, ADP itk
SR 7.7%0, A ZBCFEEE PA66 B A AR R
HRBEIAF] UL94 V-0 2%, LOI A% T 32.8%,
pkHRR H1 1168.16 kW/m? T[] 517.48 kW/m?,
THR f 151.39 MJ/m* F&#F] 150.32 MI/m?, 3 H 7/
EPEREAR R RAF, AT WL, BOZ #9595 AANET] IR F
P AR BLEATERE, 10 RE it How i 2 e
PE, XS RE R AR K, 5 Z5A T LT BOZ
AT ST A 2 e e i — 20 B S LU R R
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