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Abstract: Polyamide 6 (PA6) possesses excellent mechanical properties, wear resistance, and chemical corrosion
resistance, and is widely used in the textile, apparel, electronic, and electrical fields. However, the inherent flammability of
PA6 hinders its further application in more fields. In the study, nitrogen-based flame retardant melamine cyanurate (MCA)
and phosphorus-based flame retardant zinc diethylphosphinate (ZDP) were used to synergistically modify PA6, and flame-
retardant PA6 was prepared via melt compounding. The properties of the flame-retardant PA6 were investigated. The
results showed that with increasing flame retardant content, the melting point and thermal stability of flame-retardant PA6
exhibited a gradual decreasing trend, while the mechanical properties first increased and then decreased. When the mass
fraction of MCA was 8% and that of ZDP was 4%, the melting point and initial decomposition temperature of PA6/MCA/
4ZDP decreased to 218.3 °C and 325.0 °C, respectively. The tensile strength and elongation at break of PAG/MCA/4ZDP
reached their minimum values of 46.8 MPa and 20.3%, respectively. When the mass fraction of MCA was 8% and that of
ZDP was 2%, PA6/MCA/2ZDP exhibited the best flame retardancy, with a UL94 vertical burning rating of V-0 and a
limiting oxygen index (LOI) of 30.1%.
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Tab.1 Formula of PA6 and flame-retardant PA6 4% : %

P Weas Whica Wzpp
PAG6 100 0 0
PA6/MCA 92 8 0
PA6/MCA/1ZDP 91 8 1
PA6/MCA/2ZDP 90 8 2
PA6/MCA/3ZDP 89 8 3
PA6/MCA/4ZDP 88 8 4

A2 WIBAFHHALEBRIB L

Tab.2 Temperatures of each zone

of twin-screw extruder $ 4% .°C
i X, i
FHE 1R 160
B2 X 220
B 3 X 240
FHE 41X 257
FHE S IX 260
EHE 6 X 257
K 71X 255
BHE 8 X 250
LXK 247

1.4 MRENIR 5 R

DSC MR, B FE S L 40 °C/min B RN IR TFHE R
320 °C, 1Hifit 5 min, JHERHIIH . LL10 °C/min A3 2R
%100 °C, L4 10 °C/min [l R THE % 300 °C,

TG M3« 76 N, 0T 3R 470050, #5085 L
10 °C/min F)3EZR M 50 °CTFHELZ 800 °C.,

F1EAEREINR - 5 PA6 FIPHIA PAG VI T4 Ja v 3 i,
PRUERE S5 (SA T, R H 77 REAT BHA S AL 4% B GB/T



1040.2—2022 #4703 , R #E 4 20 mm, $7 it 5 &4
20 mm/min,
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2 #R5IHE
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T 5 INBEIR PAG 43 TR L B | BEAR /> T 18] ) B
B W55 TIRVEH 1, 50 786 5 % RS RS, il 3
SRS, 15 0, ARG SAAH I, BHAA PAG6 1) ¢ fifi ZDP
R NE W FF 5 . PA6/MCA/4AZDP /) ¢, F I+ &
194.2 °C, 5 PAG IR 4 7.8 °C., FHAAFIN 5 | NREME ok 5L
PRI 25 R PERE , X R A B FIHE R i i 7 v ke 21 S5 AH
“WAZFHE A KR A A S B PA6 K TREERL
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Fig.1 DSC curves of PA6 and flame-retardant PA6
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Tab.3 DSC data of PA6 and flame-retardant PA6 43 .°C

R 5 I I

PA6 220.6 186.4
PA6/MCA 219.5 193.7
PA6/MCA/1ZDP 219.3 193.8
PA6/MCA/2ZDP 219.1 194.0
PA6/MCA/3ZDP 218.6 194.1
PA6/MCA/4ZDP 218.3 194.2
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Fig.2 TG and DTG curves of PA6 and flame-retardant PA6
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Tab.4 TG data of PA6 and flame-retardant PA6

oy %ﬂﬁﬁﬁ:}ﬁﬁ ﬁf’ik_%ﬁ? 600 °‘CEHL
&/ &/ °C TR 1%
PA6 385.4 461.2 0.12
PA6/MCA 348.2 456.5 0.67
PA6/MCA/1ZDP 331.8 4493 222
PA6/MCA/2ZDP 3273 4515 3.01
PA6/MCA/3ZDP 321.5 445.6 3.63
PA6/MCA/4ZDP 325.0 4447 6.92

B i 2 RN BESR A B BRI AR bR, 4
LU Y, PA6 7E 600 °CHY B3R H 4 0.12%. 5 PA6 #H
Lh , BELAK PAG 1 5% ik R IZ i i o PA6/MCA I BRI Ay
0.67%, 55 PA6 FEAHFF , FB] MCA [ BHIANLH 3= 2 LIS,
R E . MCATESZ BT BN ARME SR RES IR A
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D[] s B A AR SR A D JRIBELAR ARG

PA6 (AT HE 53 fLEE 41 385.4 °C, 5 INBRIAFI G , BELA
PAG6 BTG 73 fRei B 52 T I 4, BRI 5 | NRERS
FEAIC PAG SRR E M o 3X FE ZLAEK A MCA 5 PA6 4
TR ) SRR IR PAG 43 TN Ea A P HED , B 55
P FEAR IR 4%, A BCAE S2 SR AT T o B B B IR 5, e
LRIAPFEE TN TR A Stk R I35 43 il
JFEX T 300 °C, G Y RLTE SN TR S ], FuH
PFa e P T 58 A 2 SRR P T oK
2.3 FEEATINT PAG S13 1 BEEY 2

35 0 PA6 FIBH IR PAG 1) J12:ERE . R STTLLE
Y, PAG B EE A 57.1 MPa, Wi K% 4 56.4%, 5]
A MCA J& , PA6/MCA [ fsie B F I 5 48.4 MPa, I 4
PR IEARE 33.3%, JRIAAE MCA TERMH R 5k A ZR
TR, SR X BEBIFEAESZ T 55T 5L RN
SRITHET MR RGN R, S B P L )
HiaPE BT 464 | SPEARTERE ) B R AR . 4REER N ZDP,
RELIK PA6 B (et B R B R AR B4 e T 5 R A, PAG/
MCA/2ZDP 1) 4 i 58 B F1 W7 2 A K R el , 40 90
49.8 MPa l135.0%, i ZDP u] GEVE M B R, e
FELIA TR PA 6 FEPARTH) 1) S IS A5 RS , RTBEAA PAG HA 1Y
sRVEH . 4 ZDP & RIS —E LR, B PAG6 (1) T2
PEREIZHT N R, b SEBEASR— 7 1 S B3R PAG 43 4t 4Y
PR, | 53— 7 TR R] BETE PA6 JE{AR T i 7 8E
AL fERH K PA6 7E32 TN B 5y kAR, S 3 2= ke
TR,

£5 PAG6A=TELIL PAG % /) S 4k
Tab.5 Mechanical properties of PA6 and flame-retardant PA6

Fedhdi s PSR/ MPa TG %
PA6 57.1 56.4
PA6/MCA 484 333
PA6/MCA/1ZDP 49.1 34.5
PA6/MCA/2ZDP 49.8 35.0
PA6/MCA/3ZDP 482 27.8
PA6/MCA/4ZDP 46.8 20.3

2.4 PEBRFIXT PAG FEAME BE B B2 0H

UL94 3 B AL S5 20 A LOLZ RN AP RIHL R L RE Y B
BHEIR. PAG R S AR RG4S, Mhbe i FR AR A
PR SRR AR, UL94 R B bE SF A
V2251,

7 6 73 PAG FIBHIK PAG 13 ELALE AN LOTIIR A 2R o
M6 TTLLE Y, 51N MCA J5 , PA6/MCA [ 8k it a) 45
B, LOL$2 I+ 28 27.4%, H HAR i i 7% 75 2 5 BRI HE A
UL94 3 FLIRGE 5 V-2 5% o FESRIRIE o 2T A IH )
FLIF S5 , FEHH MCA DLSAHPHIRBILEE A 325, 3= A= 1)
AR RESBIIT A IR RE v SR, ATITSEZZ R e
BERE . BRI, BTk Z AT R BESRAH R AE ], MCA To ik
ikl T AR R A T A .

£.6  PA6 AL PA6 49 & ALK KE = LOT M X 25 R
Tab.6 Vertical burning and LOI test results
of PA6 and flame-retardant PA6

g ETLIRBUERE SR LOI/%

PAG6 b V-2 21.8+0.2
PA6/MCA b V-2 27.440.1
PA6/MCA/1ZDP = V-0 28.7+0.1
PA6/MCA/2ZDP 5 V-0 30.1+0.2
PAG6/MCA/3ZDP z% V-2 26.9+0.2
PA6/MCA/4ZDP i V-2 24.5+0.2

6B LIE H, 51N ZDP Ji5 , PA6 MBI 15 51
EUGE, B R EB PhE1E M . PA6/MCA/1ZDP Fl
PA6/MCA/2ZDP KIGAARHRAZ K HICKF %75 , UL94 1 B
PRBSEE25 0 V-0 2%, LOL A5 28% L b, IR BIMEMRZR ) . G
H L PAG/MCA/2ZDP, H: LOI#5d 30.0%., J5 P & ZDP iy
SINAHBEIR PA6 % A2 B/ R SN, ZEMP IR T S50
RIZ o R IZ AR 5 VR, — i
R ] AL S, 5 — 7 TR A8 B AT A 4L
PRFPRH KK 2. SRINTREG ZDP & &34, B
PA6 I ABERT T ZE K, P2 AR TG 5 | BRIBERE AR , LOT P& A%, BHL
PR BT 98055 o o] BE Ak B A i &2 ZDP J& |, B
PAG PR EPE TR, JRBE RS 75, B PAG P ik
G AE R R 2R R S 2 TE U , S Ry BV R o ) 554
AR it IR BRI AERT , S BORE P AR PERE
P LaRZEIRFRHH , ZDP BER A R 1E H 5 PA6 Bl
R TEZ (M) TRAE T2 4K 22, ZDP IR g & S 1T 2 IR PHL IR
S, AR, 24 MCA 55 ZDP & B fd ] i) (PA6/MCA/
27DP), LOL g 30%, UL94 T FLMAKE 4% T V-0 2 ,
MCA 5 ZDP f — & th [R5, REE7E — & F2 i Lok
PAG6 HIRHBRPERE o
3 it

RELIARI 5 | NBEASBE IR PA6 4> T-LEA4 1 Bk | 55
HAE OB PRI, [ & 4% S Al A AE L 3205 PAG 1Y 7.
5INZDP J& , BHAK PAG6 1) J) 5 VERE 2 5ETHEFER e, &
HH5I N5 ZDP %} PA6 BAT —E MY s R . FEPERE Tk
T8 BELBRFI 5 |NRERSRE G PA6 LA/ R TE . MCA
NG , PA6/MCA 1 F N ER R Z R & AR BH AR Ak, FCRHAR
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