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Preparation and Application Performance Analysis of TPU/Carbon Nanosheet
Reinforced Composites in Construction Field

ZHANG Xinyi', YANG Qiong’
(1. School of Environmental Art and Design, Wuxi Vocational Institute of Arts & Technology, Wuxi 214200, China;
2. School of Architecture Engineering, Xuzhou College of Industrial Technology, Xuzhou 221116, China)

Abstract: To enhance the mechanical properties, thermal safety, and durable serviceability of thermoplastic polyurethane
(TPU) in the construction field, TPU/CNS reinforced composites with different carbon nanosheet (CNS) mass fractions
(0~2.0%) were prepared using a melt-blending and injection molding process. The effects of CNS content on the
mechanical properties, thermal stability, flame retardancy, combustion behavior, and aging resistance of the composites
were systematically investigated. The results showed that as the CNS content increased, the tensile strength and elastic
modulus of the composites were significantly improved. When the CNS mass fraction was 1.5%, the tensile strength
increased from 32.6 MPa to 41.1 MPa, with an increase of approximately 26%, and the notched impact strength reached
61.8 kJ/m’, demonstrating an optimal balance of strength and toughness. Thermogravimetric analysis revealed that the
incorporation of CNS effectively enhanced the thermal stability of the material. The onset decomposition temperature of
the composite containing 1.5% CNS rised to approximately 332 °C, and its char yield at 600 °C increased to 7.4%. Flame-
retardant tests showed that CNS markedly improved both fire resistance and smoke suppression. The limiting oxygen
index (LOI) rised from 22.3% to 26.1%, and the UL-94 rating reached V-0. Cone-calorimetry further indicated that the
peak heat-release rate and total heat release dropped to 742 kW/m’ and 63.9 MIJ/m’, respectively, while the smoke
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production rate and total smoke release were significantly reduced. Under accelerated UV/humidity aging, TPU/CNS

reinforced composites exhibit higher retention of mechanical properties and less surface deterioration. Notably, the

composite with 1.5% CNS still retained 90.5% of its original tensile strength after 28 days of aging.

Keywords: Thermoplastic polyurethane; Carbon nanosheets; Reinforced composites; Flame retardancy; Aging resistance
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Tab.1 Mechanical properties of TPU/CNS composites

FES 17 fHi5iE B/ MPa W2 /% AR E/MPa B pp iR/ (kI -m?)
CcK 32.6+0.8 462+18 38.541.2 52.442.1
CNS-0.5 35.8+1.1 438421 42.9+1.6 56.7+1.8
CNS-1.0 39.4+0.9 412417 48.6+1.4 60.3£2.4
CNS-1.5 41.1+1.0 385+19 52.8+1.9 61.842.0
CNS-2.0 39.2+1.3 341+23 55.6+2.2 57.9+2.6
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Fig.1 TG curves of TPU/CNS composites
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Tab.2 TG characteristic parameters of TPU/CNS composites

K t,/°C

th%/oC tonssl/oc tmax/oc ﬁﬁ$(600 OC)/%

CK 3074 3192 315.1 369.8 3.6
CNS-0.5 3146 3268 322.4 373.9 4.8
CNS-1.0 3219 3345 328.7 377.2 6.1
CNS-1.5 3268  339.6 332.4 379.6 7.4
CNS-2.0 3241 3372 3303 377.8 6.9

%3 TPU/CNS Z4&##4FLOI 5 UL-94 £ R
Tab.3 Results of LOI and UL-94 of TPU/CNS composites

FES LOI/% UL-94 2548
CcK 22.3%0.5 V-2
CNS-0.5 23.6+0.4 V-2
CNS-1.0 24.8+0.3 V-2
CNS-1.5 26.140.4 V-0
CNS-2.0 26.3%0.5 V-0
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Fig.2 Cone calorimetry combustion curves of TPU/CNS composites

% 4 TPU/CNS & &#HHER & #anl X 4 R

Tab.4 Cone calorimetry test results of TPU/CNS composites
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Tab.5 Tensile strength retention rate

- MBX PHRR/  THR/ SPR/ TSP/
*f‘l‘ll‘l N 2 2 2. -1 2
IfEls  (kW-m?) (MJm?)  (m*s?) m
CK 4242 1085445 86.2+3.1 0.312+0.015 1480+60
CNS-0.5 4743 982438  79.4£2.8 0.276+0.012 132555
CNS-1.0 5242 865+41 71.842.5 0.241£0.010 1 186+48
CNS-1.5 5843 742436  63.9£2.2 0.205£0.009 1018+42
CNS-2.0 553 78140 66.5£2.7 0.221=0.011 1 084+47

of TPU/CNS composites HAT %
‘ R R
Fin
0d 7d 14d 28d
CK 100.0 93.1 87.5 81.2
CNS-0.5 100.0 94.8 89.6 83.7
CNS-1.0 100.0 96.2 91.7 86.9
CNS-1.5 100.0 97.9 94.3 90.5
CNS-2.0 100.0 96.5 92.8 88.6
&6 TPU/CNS HL&#ktah i L0 K F 4R 4
Tab.6 Retention rate of elongation at break
of TPU/CNS composites HA5 %
\ B R f R
i
0d 7d 14d 28d
CK 100.0 88.4 82.9 75.5
CNS-0.5 100.0 89.7 85.1 78.6
CNS-1.0 100.0 91.1 87.6 81.7
CNS-1.5 100.0 93.6 90.2 84.9
CNS-2.0 100.0 91.9 88.5 82.5
&7 TPU/CNS L 4&##45 AE
Tab.7 AE of TPU/CNS composites
AE
Fiih
0d 7d 14d 28d
CK 0 24 4.7 7.2
CNS-0.5 0 2.1 4.2 6.7
CNS-1.0 0 1.8 3.6 5.9
CNS-1.5 0 1.5 3.1 4.8
CNS-2.0 0 1.9 3.8 5.6

#8 TPU/CNS £ &M#Ha) BB ARF &
Tab.8 Hardness retention rate of TPU/CNS composites &1 : %

BHEEORFFR

b

0d 7d 14d 284d
CK 100.0 96.8 923 87.5
CNS-0.5 100.0 97.4 94.1 90.2
CNS-1.0 100.0 98.1 95.8 92.6
CNS-1.5 100.0 98.9 97.4 95.0
CNS-2.0 100.0 98.2 96.1 93.7
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