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Abstract : To address the flammability and smoke production of acrylonitrile-butadiene-styrene (ABS) plastics, as well as the
high addition amount causing mechanical property degradation when intumescent flame retardant (IFR). Graphitic carbon nitride
nanosheets (CN) prepared via liquid-phase exfoliation were combined with IFR (mass ratio of ammonium polyphosphate, dipentae-
rythritol and melamine is 2: 1: 1). ABS/CN/IFR composites were prepared by melt blending. Microstructural characterization
confirms that CN retains its triazine structure with the C, N elements uniformly distributed, and both CN and IFR are well dispersed
in ABS. The composite with 1 wt% CN and 20 wt% IFR (ABS/CN1/IFR20) exhibits the tensile strength of 67.4 MPa, which is
15.2% higher than pure ABS, and was also higher than that of composites with only IFR (61.4 MPa) or CN (64.2 MPa). Its
maximum weight loss temperature increases from 417 °C (pure ABS) to 435 °C. Peak heat release rate (PHRR) and total smoke
production (TSP) are reduced by 45.2% and 38.5%, respectively, compared with pure ABS. Char residue rate significantly increases
from 1.47% (pure ABS) to 15.45%. Char analysis reveals a continuous, dense and intumescent char layer. This IFR-CN system
synergistically combines CN's barrier/catalytic charring effects with IFR's intumescent effect, enhancing flame retardancy and
mechanical properties simultaneously at reduced additive loading.
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Tab.1 Formulation of ABS/CN/IFR composites(mass fraction)
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ABS 100.0
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Fig. 1 SEM images of B-CN and CN
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Fig.3 FTIR and XPS spectra of B-CN and CN
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Fig. 6 XRD patterns of B-CN, CN, ABS and their composite materials
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Fig. 7 Tensile properties of ABS and its composite materials
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Fig. 8 Thermal stability of ABS and its composite materials
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Tab.2 Thermal stability analysis data of ABS and its composite

materials
Samples T,/°C T ./°C R,/%
ABS 378 417 1.47
ABS/CN1 384 424 4.25
ABS/IFR10 366 422 4.44
ABS/CN1/IFR10 369 431 8.35
ABS/IFR20 305 423 11.13
ABS/CN1/IFR20 314 435 15.45
Notes: T, is the temperature at 5% mass loss; 7, is the tempera-

ture at maximum mass 10ss; R, is residual carbon rate at 600 °C.
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Fig. 9 Combustion performance of ABS and its composite materials
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Tab.3 Cone calorimetric test data of ABS/CN/IFR composites

Samples TTVs PHRR/(kW+m?) THR/(MJ+-m?) AMLR/(g*s™") PSPR/(m?+s™") TSP/m?
ABS 3743 752417 105+1.4 0.075+0.007 0.296=0.015 44.2+1.4
ABS/CN1 39+5 711£13 102+1.4 0.071+0.005 0.275+0.013 41.8+1.2
ABS/IFR10 38+4 666+11 94+1.0 0.068+0.004 0.282+0.014 39.8+1.0
ABS/CN1/IFR10 4543 575+10 90+1.2 0.058+0.005 0.236+0.012 33.6+1.1
ABS/IFR20 4244 597+7 84+0.8 0.0560.004 0.245+0.012 35.5+0.7
ABS/CN1/IFR20 48+3 41246 83+0.7 0.052+0.003 0.188+0.009 27.240.6

Notes: TTI is ignition time; PHRR is peak heat release rate; THR is total heat release; AMLR is average mass loss rate; PSPR is peak smoke release

rate; TSP is total smoke release.
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Fig. 10 Digital photos (left) and SEM images (right) of carbon residue

after cone calorimetry test
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Tab. 4 EDX data of ABS and its composite carbon residues

Elemental mass percentage/%

Samples
C (0) N P
ABS 68.86 31.14
ABS/CN1 70.36 26.85 2.59
ABS/IFR20 53.67 34.13 3.58 8.62
ABS/CN1/IFR20 59.89 24.48 4.29 11.43
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Fig. 11 FTIR spectra of residues
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