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Preparation of MCA Flame Retardants and Its Application in PA6

YUAN Wen-cong, WEI Shan-shan, ZHANG Xia-yu
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ABSTRACT: The work aims to synthesize melamine cyanurate (MCA)in a new method, and explore its application in
polyamide 6 (PA6). Melamine (MA), cyanuric acid (CA) and a small amount of water were mixed into paste and the paste
reacted for a certain time at room temperature. Then, a small amount of MCA was added for the paste to continue reacting
for the preparation of MCA (flame retardant). The MCA and PA6 were blended to prepare flame retardant PA6 composites.
MCA was characterized by FTIR, XRD, TG and SEM, and the flame retardancy and mechanical properties of flame re-
tardant PA6 composites were tested. The results showed that the FTIR and XRD characteristic peaks of MCA were con-
sistent with those of the MCA synthesized in the water. The maximum thermogravimetic temperature of the synthesized
MCA reached 451.7 °C. When the mass fraction of flame retardant was 8%, the limited oxygen index (LOI) of flame re-
tardant PA6 composites reached 29% and the flame retardancy was UL-94 V0. With increase of the flame retardant con-
tent, the mechanical properties of the composites decreased gradually. When the mass fraction of flame retardant was 8%,
the tensile strength was 66.4 MPa and the impact strength was 4.7 kJ/m*. Therefore, the MCA synthesized by the proposed
method and featured by simple technology, requiring no heating and low water consumption, greatly improves the flame
retardancy of PA6 composites.
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F1 [E# PA6 E5HRIHAER
Tab.1 Ingredient of flame retardant PA6 composites
/kg
PA6 MCA PER
PA6 4 0 0
PA6(6%)/MCA(2%)/PER 3.68 0.24 0.08
PA6(8%)/MCA(2%)/PER 3.6 0.32 0.08
PA6(13%)/MCA(2%)/PER 3.4 0.52 0.08
*k2 HHUHIZSBH
Tab.2 Extrusion process parameters
/ /°C
(r'min"")
300 210 220 225 235 240 245 245 240 235 235
\ WIMMCA
14 WNESRIE W
Nicolet380 MCA MCA (2%)
KBr 6100 X W
MCA MCA (4%)
5°~60° Q-50 MCA
5~10 mg N,
20 °C/min 600 °C
JSM-6510 JEOL MCA
20 kV JF5 . . s . s .
ASTM 4000 3500 3000 2500 2000 1500 1000 500
BEUem™!
D2863—2010 PA6/MCA LOI 5 MCA  FTIR
100 mm>6.7 mm>3 mm CZE-II Fig.2 FTIR with different MCA contents
ASTM D3801—
_ -1
127 mmx12.7 mmx3.2 mm c=0 3000~3500 cm 3230
CMT4104 cm ' N—H 3380 cm ' N=N
GB/T 1040—92  PA6/MCA MCA
50 mm/min 2.2 XRD &th
160 mmx10 mmx4 mm 2 mm/min MCA 0 2% 4% 6% XRD
80 mmx10 mmx4 mm  CL-3003 oo T
3 3 MCA  XRD
MCA 260
GB/T 1843—2008 PA6/MCA A"
10.8° 28.1° MCA MA CA
80 mmx10 mmx4 mm V
13.3° 17.9° 20.0° 26.4° 29.0° 30.0°
MA CA MCA
2 HRGHH
2.3 TG H#r
2.1 FTIR 347 MCA 0 2% 4% 6% TG
MCA 0 2% 4% 6% FTIR DTG 4—5 3 TG
2 2 abcd FTIR TG
MCA 1430 em'  C—N 5%
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Fig.5 DTG curves of with different MCA contents
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1 PA6/MCA PA6/MCA
LOI UL-94 4 1 b
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MCA
MCA 8% 13% PA6/MCA
LOI 29% 31% UL-94 VO
MCA PA6
MCA
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NH; N, H,0 PA6
%3 MCAK TG #1 DTG #4&
Tab.3 TG and DTG data of MCA
MCA
1% /°C /°C %
0 366.1 427.6 1.75
2 374.2 436.9 0.73
4 374.5 451.7 0.69
6 376.1 4423 0.36
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Tab.4 Flame retardancy of PA6/MCA composites

&5 PA6/MCA E&# RN E R
Tab.5 Mechanical properties of PA6/MCA composites

LOI/% UL-94 /s t/s

/

PA6 24 7.7 48
PA6/MCA(6%)/PER(2%) 27 V-2 3.1 2.6
PA6/MCA(8%)/PER(2%) 29 V-0 23 2.0
PAG/MCA(13%)/PER(2%) 31 V-0 1.7 1.4

PER

MCA PER

2.6 PA6/MCA E&5#EIH 1= 14ERES T
PA6/MCA

MCA
MCA
MCA PA6
MCA

mea  ET) ap,
PA6 70.3 6.7 70.1
PA6/MCA(6%)/PER(2%)  67.6 5.4 63.3
PA6/MCA(8%)/PER(2%) 66.4 4.7 72.8
PA6/MCA(13%)/PER(2%)  62.9 4.5 78.1
3 Z5iE
MCA
4% MCA 451.7 °C
0 MCA 24.1 °C
MCA
MCA PA6 MCA
8% PA6/MCA
LOI 29% UL-94 VO PA6/MCA
MCA
66.4 MPa 4.7 kJ/m?

MCA PA6
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