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Preparation and flame retardancy of GF/PA6 composites compatibilized by phosphorus containing polymer
YE Hongyang, DONG Kun, CHEN Shichang

(National Engineering Lab for Textile Fiber Materials and Processing Technology, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract : Conventional additive-type flame retardants often compromise interfacial compatibility, leading to a significant dete-
rioration in the mechanical properties of the material. Meanwhile, the inherent flammability of PA6 and the glass fiber (GF)-induced
wicking effect greatly restrict the application of GF/PA6 composites in high-demand fire safety scenarios. To address the challenges
of property degradation and flame retardancy, this study synthesized a novel phosphorus-containing polymer compatibilizer (PPA)
with multiple anhydride reactive centers along the main chain via radical copolymerization. The PPA was then incorporated synergis-
tically with aluminum diethylphosphinate (ADP) into a silane coupling agent (KH-550)-modified GF/PA6 system. The results indi-
cate that as a dual-graft compatibilizer, the anhydride groups of PPA undergo grafting with the amino groups on the surface of GF
and the terminal amino groups of PA6 during the processing, significantly enhancing the interfacial adhesion between the filler and
the matrix. With the addition of 2 phr PPA, the tensile strength and notched impact strength of the composite increase by 21.7% and
40.4%, respectively. Moreover, PPA and ADP exhibit an outstanding synergistic flame-retardant effect during combustion, promot-
ing the formation of a continuous and compact intumescent char layer in the condensed phase, which effectively mitigates the wick-
ing effect. The resulting composite achieves a UL 94 V-0 rating in flame retardancy tests, with thermal analysis showing a 31.4%
reduction in peak heat release rate and a 35.9% reduction in total heat release. The proposed polymeric flame-retardant compatibili-
zation strategy endows GF/PA6 composites with efficient flame retardancy while simultaneously enhancing their mechanical proper-
ties, demonstrating significant potential for industrial application.
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Fig. 1 Synthesis route of DOPO-AC and PPA
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Tab.1 Blend formulation of GF/PA6 Composites

phr
Samples PA6 GF PPA ADP
GF/PA6-1 70 30 0 0
GF/PA6-2 70 30 0 5
GF/PA6-3 70 30 0 10
GF/PA6-4 70 30 2 5
GF/PA6-5 70 30 2 10
GF/PA6-6 70 30 1 10

SEM #AIE K558 sic T A5 h EA T8 4 A B
FHEH T B T SRR IS, ek i ik
HH15KV,

JIEFPEREINL 3518 GB/T1040.1-2018 IKalhRifE,
DR A PR R B AR A R SE 30 mmx
5 mmx*2 mm MRS BURE 2% #I GB/T 1043 -2008 il
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Fig. 2 FTIR spectra of DOPO-AC and PPA
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Fig. 3 Mechanical properties of GF/PA6 Composites
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Fig. 4 SEM image of tensile fracture surface of GF/PA6 composite
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Fig. 5 DSC curves of GF/PA6 composites
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Fig. 6 Rheological curves of GF/PA6 Composites
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AWF5E K I LOI 5 UL 94 T E A2l X+ GF/
PAG6 52 G A BHW BHEA M BB HEAT T 25 & 0F 0, BARSS
W2, LIRLER IR, 4l GF #55 PA6 it LOT (i
108 24.2% , HAERER S B i AR ™ FE AT R4
SRR IR o 55 | ABHIAF ADP )5 , GF/
PAG6-3 11t LOI{H $2 7} & 28.3%, {HAT} Joi i i UL 94
g W R AR BE S| A PPA Z ),
GF/PA6-5 #1 K} () LOLB BRI 22 5 15 25 32.5%, HLAE
T E R B bk B V-0 225, LIS A L R
BT AR CR F R
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Tab.2 LOI and vertical burning test results

Vertical burning test

Samples LOI/% . Cotton UL 94
Dripping » .
Ignition rating
GF/PA6-1 242 Yes Yes NR
GF/PA6-2 26.5 Yes Yes V-2
GF/PA6-3 28.3 No No V-1
GF/PA6-4 29.6 No No V-0
GF/PA6-5 325 No No V-0
GF/PA6-6 31.0 No No V-0

Notes: LOI is limiting oxygen index.

R T RS PR K IR il L AT A
G, T 5 BRI TA] (TTT) BB il % (HRR) S B i
ot (THR) S5 A K R fE S (K 7 5346 3). 1
Bl a6, MBS T GF/PAG-1 #4 K}, Bt s i ADP i
GF/PAG6-3 1B #4 I {E (pHRR ) F1 THR 435 &
T 10.2% M1 17.7%. TWi{E PPA S 51K R H 4
RS2 T B E P E . Hob, GF/PA6-5
WREF I S A 1 B SK RE , H: pHRR A1 THR 431
k1 453.6 KW/m? Fll 44.2 MI/m?, [543 34 5] 31.5%
F135.9%. X —45 584 J1uEW] T PPA 5 ADP 2 [H]
(4 B RV P 8 458 T AR B BELJR 57 B A5k
FMEREAR T A K T FE R
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Fig. 7 HRR and thr curves of GF/PA6 composites measured by cone
calorimeter
R3 GF/PA6 E AW RIER EHEIE
Tab.3 Cone calorimetric data of GF/PA6 Composites

pHRR/ THR/ pHRR THR reduc-

S It TTU/
amples S kW-m?) (MJI'm?) reduction/% tion/%

GF/PA6-1 57 661.7 69.0 - -

GF/PA6-3 48 594.3 56.8 10.2 17.7
GF/PA6-5 41 453.6 44.2 314 35.9
GF/PA6-6 33 535.2 48.8 19.5 293

Notes: TTI is ignition time; PHRR is peak heat release rate; THR is

total heat release.
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