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Influence of hyperbranched polyester on the flow behavior of phosphorus-containing copolymer PA6 and
its flame retardant mechanism promoting melt droplet formation
LI Ruyi, ZHOU Yanfei, WEI Xiangyu, LIU Ke
(School of Materials Science and Engineering, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract : Hyperbranched polyester C100 was employed as a flow promoter to enhance the fluidity and flame retardancy of
polyamide 6 (PA6) and phosphorus-containing copolyamide 6 (CoPA6). PA6/C100 and CoPA6/C100 composites with C100
contents ranging from 1 phr to 4 phr were prepared using a twin-screw extruder. To investigate the effects of C100 on the properties
of PA6 and CoPAG6, systematic characterizations of the melting and crystallization behavior, rheological properties, flame retardancy,
and mechanical properties of the composites were carried out. The results indicate that the introduction of an appropriate amount of
C100 exerts a heterogeneous nucleation effect, which promotes the crystallization of PA6 and CoPAG6 at higher temperatures. C100
contributes to the improvement of melt rheological properties:when the addition amount is 4 phr, the viscosity reductions of PA6 and
CoPAG6 at low frequency (0.1 Hz) reach 81% and 73%, respectively, while significant reductions of 76% and 79% are still main-
tained at high frequency (100 Hz). The mechanical properties of PA6 and CoPA6 show a trend of first increasing and then decreasing
with the introduction of C100. When the C100 content is 3 phr, in the CoPA6 system, the tensile strength decreases from 68.3 MPa
of CoPAG6 to 66.9 MPa, while the elongation at break increases significantly from 115.5% to 171.8%. C100 can remarkably enhance
the flame retardancy of the materials; the limiting oxygen index values of CoPA6/3phrC100 and CoPA6/4phrC100 are increased
from 26.4% of CoPA6 to 29.6% and 30.4%, respectively, and both achieving the UL 94 V—0 rating in the vertical burning test. This

EEWH: FHRARPIFIL4ETH (52303016)

BAEIERE : XUAT, W, RIATSE 5L, AL A 0, A5 1) R 2T SR -A 05 1l 5 et

WRs B HA: 2025-12-08

SRR AR, e« AT, 4 O SR ER X S LR PAG W shA T R B g AR A FEA ML [J]. TR YA FH , 2026, 54(3):31-37.
LI Ruyi, ZHOU Yanfei, WEI Xiangyu, et al. Influence of hyperbranched polyester on the flow behavior of phosphorus-containing copolymer
PAG6 and its flame retardant mechanism promoting melt droplet formation[J]. Engineering Plastics Application,2026,54(3):31-37.



32 AR

2026 4E, 45 54 4 55 3 1

is attributed to the fact that C100 can effectively improve the melt fluidity, which promotes the dripping of flaming melt during

combustion to timely remove heat from the burning area and inhibit flame spread, thereby enhancing the flame retardancy of the

materials. This work provides a new insight for the development of flame-retardant polyamide materials.

Keywords : polyamide 6 ; hyperbranched polyester ; rheology property ; flame retardant property ; mechanical property
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Tab.1 Flame-retardant PA6 experimental formulation

phr
Samples Resin C100
PA6 CoPA6
PA6/1phrC100 100 1
PA6/2phrC100 100 2
PA6/3phrC100 100 3
PA6/4phrC100 100 4
CoPA6/1phrC100 100 1
CoPA6/2phrC100 100 2
CoPA6/3phrC100 100 3
CoPA6/4phrC100 100 4

1.4 miX5 RAE
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(a) Heating melting curves of PA6/C100
PA6/4phrC100
PA6/3phrC100

PAG6/2phrC100 / \
PA6/1phrC100

PA6

140 160 180 200 220
Temperature/°C
(b) Cooling crystallization curves of PA6/C100
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Fig.2 DSC curves of PA6/C100 samples
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%2 PA6/C100 DSC Hoillizt #143
Tab.2 DSC test data of PA6/C100

Samples T /°C T/°C AH /J-g) X/%
PAG6 221.8 181.5 65.9 28.6
PA6/1phrC100 220.5 182.3 67.2 29.2
PA6/2phrC100 219.5 182.5 73.6 32.0
PA6/3phrC100 219.0 180.3 69.9 30.4
PA6/4phrC100 214.5 179.5 68.9 30.0

Notes: T/ is melting temperature, 7, is crystallization temperature,

AH,_is melting enthalpy, X is crystallinity.
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Temperature/°C
(a) Heating melting curves of CoPA6/C100

CoPA6/4phrC100
CoPA6/3phrC100

CoPA6/2phrC100
CoPA6/1phrC100
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(b) Cooling crystallization curves CoPA6/C100
3 CoPA6/CI00KE 1) DSC ik
Fig. 3 DSC curves of CoPA6/C100 samples

%3 CoPA6/C100 DSC Hyillix #1#5
Tab.3 DSC test data of CoPA6/C100

Samples T /°C T/°C AH /J-g)  X/%
CoPA6 220.3 175.7 53.7 23.4
CoPA6/1phrC100 219.5 185.3 62.2 27.0
CoPA6/2phrC100 220.0 184.8 63.7 27.7
CoPA6/3phrC100 219.3 185.0 58.9 25.6
CoPA6/4phrC100 219.2 185.3 54.9 23.9
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(a) Viscosity-angular frequency curves of PA6/C100
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(b) Viscosity-angular frequency curves of CoPA6/C100
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Fig. 4 Complex viscosity(n*)-angular frequency(w) curves of PA6/
C100 and CoPA6/C100 samples
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Tab. 4 The tensile test data of PA6/C100 and CoPA6/C100

Samples Tensile strength/MPa  Elongation at break/%
PA6 58.2+4.1 244.0+12.7
PA6/1phrC100 68.7+5.1 265.2+13.8
PA6/2phrC100 59.7£3.6 130.4+6.5
PA6/3phrC100 54.943.3 49.3+2.6
PA6/4phrC100 56.7+4.0 27.9+1.3
CoPA6 68.3+4.1 115.5+£5.6
CoPA6/1phrC100 62.243.5 87.4+4.4
CoPA6/2phrC100 69.1+4.9 237.9+12.3
CoPA6/3phrC100 66.9+5.5 171.848.3
CoPA6/4phrC100 63.743.8 17.6+0.9
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(a) Stress-strain curves of PA6/C100
707 ——CoPA6
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(b) Stress-strain curves of CoOPA6/C100

5 PAG/C1005 CoPAG/C100 H9) J1-Ri7% th £k
Fig. 5 Stress-strain curves of PA6/C100 and CoPA6/C100
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&5 PA6/C1005 CoPA6/C100 HEE SAKEHN LOLMIK £ R
Tab.5 Vertical burning and LOI test results of PA6/C100 and CoPA6/C100

Vertical burning test

Samples — - LOI/%
Whether it ignites the absorbent cotton UL 94 rating
PA6 Yes V-2 23.2+40.1
PA6/1phrC100 Yes V-2 23.740.1
PA6/2phrC100 Yes V-2 24.5+0.1
PA6/3phrC100 Yes V-2 24.840.1
PA6/4phrC100 Yes V-2 25.240.1
CoPA6 Yes V-2 26.4+0.1
CoPA6/1phrC100 Yes V-2 26.9+0.1
CoPA6/2phrC100 No V-0 27.6+0.1
CoPA6/3phrC100 No V-0 29.6+0.1
CoPA6/4phrC100 No V-0 30.4+0.1

(3)ifi e C100 HIIAA B TR T+ 44 RH g4k
e, A 1 phr C100, PA6 (7 A58 & H 58.2 MPa i
Th 2 68.7 MPa, Wi ¢ fit | R i 244.0% 2 T+ =
265.2%; Il A 2 phr C100, CoPAG6 fit 7 {55 Ji 11 68.3
MPa T2 69.1 MPa, Wi 2K R i 115.5% $E 7+ 2
237.9%.

(4)BEF C100 BYIIA  FE b B B AR PR 21 8 5
$£ T+, CoPA6/4phrC100 [ LOI FH CoPA6 11 26.4%
T2 30.4%, T EAABE I IR S UL 94 V-0 5542,
BRI C100 REA RHRTHE M B i sh PR , TERA SR
I T A Joi AT v B Iy ZE A G D b i, o)
KIGEIE TS T4 R B RE
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