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Study on Preparation and Properties of Polylactic Acid/Titanium Dioxide
Nanocomposites for Cigarette Filters

LI Chao, LIU Wenjie, JI Li, ZHU Yu*, YANG Xuechao
(Bijie Cigarette Factory of China Tobacco Guizhou Industrial Co. , Ltd. , Bijie 551700, China)

Abstract: Using polylactic acid (PLA) as the matrix and nano-titanium dioxide (TiO,) as the functional filler, PLA/TiO,
nanocomposite filter materials were prepared via a melt blending-spinning process. The effects of TiO, content on the
structure and properties of the composites were investigated. The results showed that with increasing TiO, content, the
overall performance of the composites first increased and then slightly decreased. At a TiO, mass fraction of 3%, the PT-3
composite exhibited optimal performance, with a tensile strength of 60.8 MPa, a flexural strength of 94.6 MPa, a
crystallinity of 44.7%, and a 5% weight loss temperature of 323.9 °C. Meanwhile, the PT-3 sample achieved filtration
efficiencies of 51.9% for tar, 28.6% for CO, and 44.8% for nicotine in cigarette smoke, along with reduction rates of
25.9% for formaldehyde, 22.8% for acetaldehyde, and 18.7% for benzene. In addition, the PT-3 composite maintained
good environmental degradability, with a mass loss of 33.7% after 90 d. The incorporation of an appropriate amount of
TiO, could synergistically enhance the mechanical properties, thermal stability, and smoke hazard reduction capability of
PLA filter materials through structural reinforcement and surface activity. The study provides a reference for the
development of degradable cigarette filter materials.
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Tab.1 Mechanical properties of PLA/TiO, nanocomposites

b ﬁﬁﬂ?ﬁ liéﬁ%ﬁﬂ EOALE N %“Hﬂéi E}ﬁlﬁl
JEMPa  KE/%  AEEGPa  JE/MPa HE/%
PLA 52.6 8.7 2.84 81.5 88.4
PT-1 56.9 7.9 3.01 87.8 91.6
PT-3 60.8 7.2 323 94.6 93.8
PT-5 58.7 6.3 3.17 91.2 92.7
PT-7 54.1 5.1 3.08 85.6 89.7
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Fig.1 DSC secondary heating curves of PLA/TiO, nanocomposites
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Tab.2 DSC thermal property parameters
of PLA/TiO, nanocomposites

) °C 1PC 1,°C %@M‘?’A(fH’“)/ X%
ae)

PLA 608 1186  167.9 314 33.7

PT-1 613 1152 1684 358 385

PT-3 621 1124 1689 416 447

PT:5 617 1136 1687 392 .1

PT-7 614 1159 1683 36.5 39.1
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Tab.3 TG parameters of PLA/TiO, nanocomposites

RS, 15,,/°C too/°C £ °C BRRE %
PLA 312.4 325.8 366.7 0.9
PT-1 317.6 331.5 371.3 1.6
PT-3 323.9 337.8 375.6 2.4
PT-5 320.7 3349 373.2 3.3
PT-7 318.2 332.1 371.4 4.1
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Tab.4 Filtration performance of PLA/TiO,

nanocomposite filter material

. S YL

Cotik

Feh R T T
PLA 41.6 224 36.8 895
PT-1 45.8 24.7 39.6 940
PT-3 51.9 28.6 44.8 1015
PT-5 50.6 27.9 43.9 1068
PT-7 472 26.1 41.2 1126
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Tab.5 Harm reduction performance of PLA/TiO,

nanocomposite filter material HAE %
Fem Eﬁﬂ; Zﬂ? ES , Bﬁ%%
FEAIRR FEfiR FEfiR FefieR
PLA 12.6 10.8 8.4 10.6
PT-1 18.7 16.5 12.9 16.0
PT-3 259 22.8 18.7 22.5
PT-5 243 21.1 17.5 21.0
PT-7 21.6 18.9 15.8 18.8
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