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Preparation and Properties of Polyvinyl Chloride/Vermiculite Nanosheet Composite Plastic

ZHANG Xiangkun, LIU Haowen, HOU Jinpeng, YOU Houmei, DAI Xun, LI Zhong, TIAN W&iliang
(College of Chemistry and Chemical Engineering, Tarim University, Engineering Laboratory of Chemical Resources Utilization in
South Xinjiang of Xinjiang Production and Construction Corps, Alar 843300, Xinjiang, China)

Abstract: With the enhancement of people's awareness of environmental protection, environmentally friendly polyvinyl chloride (PVC)
plastic additives are constantly promoted, and the use of natural mineral vermidemite to replace non-environmentally friendly PVC plastic
additives has become a new trend in the industry. A vermiculite sheet suspension was obtained by a liquid high-speed shear/grading
centrifugal method, and the vermiculite nanosheet/polyvinyl chloride (PVC) composite plastic was prepared Via solvent substitution. The
influence of the content of vermiculite nanosheet on the ultraviolet, thermal conductivity, thermal stability and flame-retardant
performance, tensile properties was investigated. The results show that the sizes of vermiculite are 150 nm—1.1 pm, and the original
structure of vermiculite preserves. When the content of vermiculite nanosheet is 15% (in mass), the tensile strength of vermiculite
nanosheet/PVC composite plastic is increased by 50.8%, the limit oxygen index value is increased by 7.3%, the thermal conductivity is
decreased by 17.8%, and the aging heat stability time is increased by 140 min, and the dehydrothermal degradation time is increased by
24 min. This composite plastic has superior thermal stability and ultraviolet resistance. Adding vermiculite nanosheet into PVC can
improve the properties of composite plastic, which has a practical significance in the preparation of high-performance PVC product.

Keywords: liquid phase exfoliation; grading centrifugal; vermiculite nanosheet; solvent substitution; organic—inorganic composite;
polyvinylchloride plastics
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Fig. 1 Morphological characteristics of vermiculite (VMT)
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Fig. 2 Structural characterization of vermiculite before and after exfoliating
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Fig. 5 Ultraviolet (UV) properties of VMT/PVC composite plastics
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Fig. 6 Flame retardancy of vermiculite/PVC composite plastics
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Table 1 Tensile test data of VMT/PVC composite plastic

VMT powder/PVC composite plastic

VMT nanosheet/PVC composite plastic

Mass fraction of VMT . . .
Tensile stain at break/% Tensile strength/MPa

Mass fraction of VMT . . .
Tensile stain at break/% Tensile strength/MPa

powder/% nanosheet /%
0 373 3.1 0 373 3.1
5 38.7 3.7 5 40.2 3.8
15 39.2 42 15 47.5 4.7
30 34.4 3.9 30 47.1 4.1
45 34.1 3.1 45 41.4 34
60 26.2 2.6 60 36.7 3.1
75 21.9 1.9 75 342 2.8
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Fig. 7 Thermal conductivity of VMT/PVC composite plastic
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Fig. 8 Thermal stability of VMT/PVC composite plastic

3 £

K FH AR 3 B U1/ 4y G B O I 2% T 4
KA B, %730 DA 9K e 4 2 (525 5)
1R A, il &35 B KIS A Fr, dlit SEM,
XRD. ZIAMNERAE, R ES G A S5 M RE R
R B E R E Bl gk g A s
PVC 1, % HgeKiEA F/PVC EER, it
TYRIES B & EAHEA/PVC B AR f12 . $i
24 SFHRABLREERERI W, RIMGUKIEA F
ISR HON 15%, 4KiE A Fr/PVC E 4 ¥k
R RsREFE R T 50.8%, HARFRAHEZ(LOI 1H)
P T 73%, SMAKPEILT 17.8%, ZHHdaE
BRI FE = 7 140 min, L EHAGART [RI$2 5 7 24 min,
P AMERE B E R . I, B gekigEn A
T PVC 1, 9KiEA F/PVC SEMEHIER. Bl
W FREAFE RGBT T, A A Ea
MLEHLE & AR 25 7 36
SEH:

[1] TIAN W L, LI Z, ZHANG K W, et al. Facile synthesis of exfoliated
vermiculite nanosheets as a thermal stabilizer in polyvinyl chloride
resin[J]. RSC Adv, 2019, 9(34): 19675-19679.

[2] WARERE, BRA, Zme, 45, FURBRES/BEMH] & K& HAE PVC Hil
N [T]. KE4iib T, 2019, 36(2): 328-335.

HU Chengcheng, CHEN Ying, LI Xiaobin, et al. Fine Chem (in

Chinese), 2019, 36(2): 328-335.

[3] ZHANG D F, YAO S, LI S, WANG J, YAO Y, A novel La-containing

additive for the long-term thermal stabilization of poly (vinyl
chloride)[J]. Polym Degrad Stabil, 2017, 144: 187—-194.

[4] GUO Y, ZHANG Q, HU Q, et al. Size-dependent effect of
MgAl-layered double hydroxides derived from Mg(OH), on thermal
stability of poly (vinyl chloride)[J]. Mater Today Commun, 2021, 29:
102851.

[S] MARKARIAN J. Advances in PVC heat and light stabilization[J].
Plast Addit Compd, 2004, 6(5): 46—49.

[6] WIRAWAN R, ZAINUDIN E S, SAPUAN S M. Mechanical
properties of natural fibre reinforced PVC composites: A review[J].
Sains Malaysiana, 2009, 38(4): 531-535.

[71 FENG J, LIU M, FU L, et al. Enhancement and mechanism of
vermiculite thermal expansion modified by sodium ions[J]. RSC Adyv,
2020, 10(13): 7635-7642.

[8] XIEY, SUN H, LUO L, et al. Preparation of high diameter-thickness
ratio thin-layer phlogopite-vermiculite nano-functional material by
liquid phase exfoliation[J]. Appl Clay Sci, 2020, 191: 105612.

[9] WAN Y, FAN Y, DAN J, et al. A review of recent advances in
two-dimensional natural clay vermiculite-based nanomaterials[J].
Mater Res Exp, 2019, 6(10): 102002.

[10] JANICA I, DEL BUFFA S, MIKOLAJCZAK A, et al. Thermal
insulation with 2D materials: Liquid phase exfoliated vermiculite
functional nanosheets[J]. Nanoscale, 2018, 10(48): 23182-23190.

[11] /N8, FENAE, Bt B 2 A A ], R Eh

i, 2011, 39(9): 1517-1522.

HUO Xiaoxu, WANG Lijuan, LIAO Libing. J Chin Ceram Soc, 2011,

39(9): 1517-1522.

B, FMALIE, SZRINL, 55, 2Tk mil & K S I K e A

JO0 T R R R 1R W PR ATLER[J]. TEWLAL 22553, 2020, 36(1): 113-122.

XIE Yanyan, SUN Hongjuan, PENG Tongjiang, et al. Chin J Inorg

[12



186 -« CRERR Sh2230)

J Chin Ceram Soc, 2023, 51(1): 178-186

2023 4F

[13]

[14]

[15]

Chem (in Chinese), 2020, 36(1): 113-122.

TIAN M, WANG L, WANG J, et al. A two-dimensional lamellar
vermiculite membrane for precise molecular separation and ion
sieving[J]. ACS Sust Chem Eng, 2022, 10(3): 1137-1148.

SAFLOU M, ALLAHVARI S, RAHEMI N, et al. Oil spill degradation
using floating magnetic simulated solar light-driven nano
photocatalysts of Fe;04,~ZnO supported on lightweight minerals[J]. J
Environ Chem Eng, 2021, 9(4): 105268.

TIAN WL, LI Z, GE Z H, et al. Self-assembly of vermiculite-polymer
with improved mechanical barrier

composite films and gas

(16

[17]

properties[J]. Appl Clay Sci, 2019, 180: 105198.

RIRSC, MR, &I, S5 Rk ALA Btk LDHs-PP 252
RHEAPERERT FE[)]. BURIL T, 2022, 42(3): 205-210.

ZHU Qiwen, YANG Baojun, ZHANG Gaoshi, et al. Mod Chem Ind (in
Chinese), 2022, 42(3): 205-210.

ER. BTN T IR Z S BRI SRR L [D]. K&
HIRAE, 2008.

WANG Biao. Structure and properties of polymer/inorganic-particle
nanocomposites (in Chinese, dissertation). Changchun: Jilin University,

2008.



