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Abstract: Various metal ions modified melamine polyphosphate (MPP) (abbreviated as J-MPP, where J
stands for metal ions) was compounded with aluminum diethylphosphinate (ADP) for the flame-retardant
modification of glass fiber-reinforced polyamide 6 (PA6/GF) to obtain (PA6/GF/J-MPP) composites. J-MPP
was characterized by FTIR, XRD, SEM and EDS. The effects of different J-MPP on mechanical properties,
flame retardant properties and thermal stability of PA6/GF/J-MPP composites were analyzed via pendulum
impact testing machine, micro control electronic universal testing machine, cone calorimeter, oxygen index
measuring instrument, horizontal and vertical combustion measuring instrument and thermogravimetric
analyzer. The results showed that the tensile strength, bending modulus and notch impact strength of
PA6/GF/J-MPP composites modified by Mg>" were 148.5 MPa, 9184.4 MPa and 8.5 kJ/m’, respectively,
which were 6.7%, 9.6% and 14.9% higher than those of the unmodified PA6/GF/MPP composites.
PAG6/GF/J-MPP composites exhibited better flame retardant properties, especially, AI*" surface-modified
MPP (AI-MPP) PA6/GF/AI-MPP composites (PA6/GF/Al-MPP) passed UL-94 V-0 rating in vertical
burning tests, with a limiting oxygen index of 31.7%. The PA6/GF/Al-MPP composites showed a lower
total heat release of 139.1 MJ/m? and a higher char residue of 41.5% at 800 °C, demonstrating that AI-MPP
enhanced the PA6/GF composite's flame retardant function in the condensed phase.
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Table 1 Formulation of PA6/GF flame retardant composites
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Table 2 Extrusion process parameters of PA6/GF flame
retardant composites
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Table 4 Mechanical properties of PA6/GF/J-MPP composites

FEf hir s & /MPa 5 il 54 /MPa 2 i/ MPa B ph R B /(kI/m®)
PA6/GF/MPP 139.2+0.4 184.8+3.1 8377.8+144.6 74403
PA6/GF/Al-MPP 145.2+0.4 195.2+1.6 8965.5+83.9 7.9+0.2
PA6/GF/Mn-MPP 141.9+2.1 202.4+1.1 9702.7+196.5 7.5+0.2
PA6/GF/Fe-MPP 140.2+3.6 197.3£1.9 9184.9+110.3 8.4+0.3
PA6/GF/Co-MPP 139.4+0.7 187.9+5.8 8553.7+161.5 7.740.2
PA6/GF/Mg-MPP 148.5+0.2 199.2+1.3 9184.4+104.3 8.5+0.6
PA6/GF/Cu-MPP 144.242.9 195.1+0.8 9292.9+20.0 74403
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Mg-MPP Fl PA6/GF/AI-MPP 3475 ZEHLHIHTSE .

*®5 AF%EE TS MPP Prsk ADP BH#L PAG/GF 1
A FORIBEATE RE
Table 5 Flame retardant properties of PA6/GF composites
with different metal ion modifications

_— UL-94(3.2 mm) LOI {8
tl/S tz/S t1+t2/s ?ﬁ]% %g& 1%

PA6/GF/MPP 1475  56.8 2043 Jc V-1 297
PA6/GF/AI-MPP  11.4 10.8 222 Jc V-0 317
PA6/GF/Mn-MPP 339  37.6 71.5 Jc V-1 317
PA6/GF/Fe-MPP  66.5 764 1429 Jo V-1 302
PA6/GF/Co-MPP 32,7 392 71.9 Jo V-1 305
PA6/GF/Mg-MPP 8.6  49.0 57.6 Jc V-1 312
PA6/GF/Cu-MPP 7.1 47.9 55.0 Jc V-1 31.0
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E 1 MPP, Mg-MPP #l AI-MPP [ FTIR & &
Fig. 1 FTIR spectra of MPP, Mg-MPP and AI-MPP
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Fig. 2 XRD patterns of MPP, Mg-MPP and Al-MPP
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Fig. 3 SEM images (a, c, e) at differented magnifications and EDS maps (b, d, f) of MPP, Mg-MPP and Al-MPP

24 NIRETRAKRIERE S AT

HETE S REASALIUA [F] KR S e F &4, il
I ISR IR G R ( HRR ) s KBS ] ( T,
SHAEERCE (THR ), SVRAERGE (TSP) DL Ak be
Ja sk hc i (Residue ) S5 EESEL, AN ARIE K
REAE T WG T R o 3k Sk s X LA A PEA 44
AR IR | il A T B A A L DL BT R R AR
[ERE P ST S

[ 4 & PA6/GF/MPP , PA6/GF/Mg-MPP Fl PA6/
GF/AI-MPP & & M B HETE K25 5. £ 6 b
LR HEIE 2 P sl

TTI J2&46 4Rk R 132 #4811 B A BT 1
M), BpMRDERES , W BRI K PR, R 6
Al LI H, PA6/GF/AI-MPP ) TTI 5K, Ny 44s, £
I AH L A P AR R e e 8% . HRR 48 A4 R
FERR e it 78 v BT TR BRI ) A, A4 PR T 3
HUE(E ( pk-HRR ) FIFEEIGHE R 4(H (av-HRR ),
TXREEHE T DL SR PEA KU ) S R R KK S
FERE . MIE 4a F1ZE 6 AT %1, PA6/GF/MPP ) pk-HRR
Fl av-HRR 73514 307.6 1 90.7 kW/m?, & 3 44t
R R OB T Rt i 1 —4H . i PAG/GF/Mg-MPP

1 PA6/GF/AI-MPP 1 pk-HRR %A%, 435Kk 273.5
F1283.4 kW/m?,av-HRR 4351 4 81.6 i1 78.5 kW/m?,
ATUEH, 4488 Ut/ 1 PA6/GF/J-MPP {A %
PR CHE RIE(EA — E BB R N, R PA6/
GF/Mg-MPP Hl PA6/GF/AI-MPP i K ¢ & FiE 3o R Af]
T PA6/GF/MPP Z2/N, M| 4b #1346 A1, PA6/
GF/Mg-MPP Fl PA6/GF/Al-MPP () THR 43 %Il 4 147.8
F1139.1 MJ/m?, 4 It T PA6/GF/MPP( 154.6 MJ/m? ),
SRR T 4.4%H1 10.0%., XERHESEE FRI5IA
BEB A 3% PAG6/GF/I-MPP & 4 A1 RHT SR VEfiE
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BRI = M TSP (m? ) e i 78 5 ke
TR R TR R Y i, — 80K SEA RN TSP X PR
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B 4c F15E 6 AJ 1, PA6/GF/MPP [ SEA &, M
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Table 6 Cone calorimetry tests data

PA6/GF/MPP PA6/GF/Mg-MPP PA6/GE/Al-MPP

TTUs 40 41 44
pk-HRR/(kW/m?) 307.6 273.5 283.4
av-HRR/(kW/m?) 90.7 81.6 78.5
THR/(MJ/m?) 154.6 147.8 139.1
mean EHC/(MJ/kg) 282 27.2 26.3
SEA/(m’/kg) 355.8 284.9 337.2
TSP/m? 17.8 13.9 16.8
B H % 40.6 42.9 41.5
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Fig. 5 Digital photographs (a, d, g), SEM images (b, e, h), and Raman spectra (c, f, i) of residual carbon after cone
calorimetry test of PA6/GF flame retardant composites
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M 6 F1% 7 AT LR TERASUA T PA6/GF/
J-MPP Fl1 PA6/GF/MPP W73 fift st FRAR{L, R
WA B B 1) it i 72 . PA6/GF/MPP #42k B 5%F 1
TRFE ( Tsy,) N 393.5 °C, {HTE 279.0~329.8 °CH}H
T — 8N, FEE PA6 RArTHERT 2L
H/NGTT-, MPP 3l = G . RBEIR MoK 8.
FERNRSRFTE 16 377~525 °CZIAl L T 4%
TRIGIIT i R0, 436.4 °CHT AR HUR B B K
i, X—BrBei & PA6 7T 5E A PR 3% A1 ADP
MPP 45 BEAZR R A0 PRk o fiff il B2 5 800 CCHF A R 5% 7k
7N 39.7%,

PA6/GF/Mg-MPP F1 PA6/GF/Al-MPP [ Tso, %3]
7 392.0 #1388.9 °C, # PA6/GF/MPP (393.5 °C)
WA FEAL, R &R B T 00 R AR T
PA6/GF/MPP 7E AR T AR ETE . X il AE
IR 50%HF 1T EE ( Tsos, ) FI AT, PA6/GF/Mg-MPP

F PA6/GF/AI-MPP (1 Tsoy, (456.5. 455.0 °C ) W=
T PAG/GF/MPP (453.4°C), EHSHEEE TN
P MPP IR R A S F . 5 AL BB+
J&, PA6/GF/Mg-MPP Fil PA6/GF/AI-MPP [5% /% H:
FH2E 43.9%M1 41.9%, KU EEE TFRAERRT
2 A MR AR e

EZKA A H, PA6/GF/MPP , PA6/GF/Mg-MPP
1 PA6/GF/AI-MPP 3 4 AF i ik d a4 JLF—
2, HEEfELRFRERE 3 NMRESH. TR
FEEARMERE S A T AL RN, (A5 $43 fik ot B
PR, 3 HARFERT I B Tso, BT Tsoo, A SAUH T B4 BT
T/, SR, PA6/GF/Mg-MPP Hl PA6/GF/Al-MPP
B Tso,( 357.0.365.2 °C )t PA6/GF/MPP( 346.0 °C )
B, RUIEAMAMRA T, &EEF5ARS
TR R ENE . B A PR F A 5 i i
AR AL S HEIE e PR A SR AR — 3

# 7 PAG/GF BHIAE G HH TGA $udl
Table 7 TGA data of PA6/GF flame retardant composites

. AR 23 SR
Tso,/°C  Tsou/°C Toaxt/°C Twaa/°C BRI E/Y%  Tsu/C Tsou/°C  Tiaxt/°C Toad/°C Tiaxs/°C - FRIR /%
PA6/GF/MPP 393.5 453.4 304.8 436.4 39.7 346.0 447.3 335.7 428.5 527.5 34.1
PA6/GF/Mg-MPP 392.0 456.5 306.0 434.8 43.9 357.0 451.8 339.5 423.7 542.0 37.0
PA6/GF/Al-MPP 388.9 455.0 308.4 436.6 41.9 365.2 450.8 339.8 427.0 530.8 35.2
3 #it I MPP BHFI SR R IBEIARICR, ST PAG/GF B

Wit , BEEETFEIA MPP 4T
iR, BT 2R 4 Bt J-MPP BHAAF],
JRHHY ADP BRCHPMNFRIFHIAMAR, FHTHETHFHA
PA6/GF ZA M EHTERE . 4518U0F :

(1) &JREFUrtknefizi® PA6/GF/MPP [H
BRE AR 2R, U HEZ M Mt
PA6/GF/Mg-MPP FH#ASE G AL, JLRr (s | 25 il
LR B O b o 9 BE 43 ) 4 T F 148.5 MPa |
9184.4 MPa #il 8.5 kJ/m*, #AMYEN PA6/GF/MPP
BAEMEHHETE 6.7% . 9.6%F1 14.9%.,

(2) &)@ tae W &2 7+ PA6/GF/MPP FH
IR A ARG BHIA P RE o H7 51 & PAG6/GF/AI-MPP &
ARRE, HIE BB SFAGA R UL-94 11 V-0 2, LOI
MW EREE 31.7%, B THR K =
139.1 MI/m?*, RIS A 5E R A BHIARCR . A
T I P A S 5 e i (41.5% ) A1 Raman 3%
B AR Y In/ls (0.66 ) AT LIGESE, AP REAR tf b fi
AU BELBR 700 R 2R 5 W B =2 (R) R B Ak se 1B, i e R
AMRLFR Y L HBUR )=, #5 PA6/GF/
A1-MPP & & b A iy i $A b R4 1

ASGHE T 4B E T MPP, ARk T ADP

WA G APRHEAMAPERE R AR RE R DR T} A ST L
PERERHIR AL SRR AAR R ) BB AT V5
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