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Abstract : Aiming at the problem of resource utilization of high content component calcium carbonate of artificial marble
waste (AMWSs) due to its surface coating with unsaturated polyester residue, firstly, the surface modification of AMWs was done by
coupling agents, then the polyvinyl chloride (PVC)/AMWSs cable materials were developed through melt extrusion. The effects of
different types and addition amounts of coupling agents on the mechanical properties, microstructure, and thermal stability of the
cable materials were systematically analyzed. The findings reveal that modifying the cable materials with vinyl triethoxysilane
(VTES) significantly improves the interfacial compatibility between AMWs and PVC. When the VTES addition amount is 0.7% of
AMWs mass, the PVC/AMWs cable materials have better comprehensive mechanical properties, the tensile strength, tensile
modulus, bending strength and bending modulus reach 30.10, 575.60, 38.79, 1 963.70 MPa, which increase by 17.49%, 11.11%,
19.80%, 47.50% respectively compared to the unmodified system. Thermogravimetric analysis shows the cable material has three
thermal decomposition stages, and the mass residual rate is 33.47% at 895 °C, which is 53.89% higher than that of the control group
added with unmodified calcium carbonate, along with a higher thermal decomposition peak temperature of 743.89 °C in the third
stage (672.37 °C for the control group). Scanning electron microscopy characterization confirms the uniform dispersion of AMWs in

the PVC matrix and strong interfacial adhesion between AMWSs and PVC. Overall, when the VTES addition amount is 0.7% of
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AMWs mass, the VTES-modified PVC/AMWs cable material demonstrates excellent mechanical properties and high temperature

thermal stability, its comprehensive properties are close to that of CaCO, filled PVC system, and some properties are improved (e.g.

the bending strength is increased by 5.75%), providing reference for the high-value utilization of AMWs and the development of

cost-effective PVC cable materials.
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Tab.1 Mechanical properties of PVC cable materials filled with
AMWs modified by different coupling agents

Tensile properties Bending properties

Coupling

agent Strength/ Modulus/ Strength/ Modulus/
MPa MPa MPa MPa

None 25.65 518.03 32.38 1331.34
ST 22.82 381.32 30.87 1226.32
GR101 22.29 355.72 27.32 1 098.05
DL411 21.68 344.71 32.96 1372.89
VTES 25.08 505.13 35.76 1786.04
GR101+ST 22.55 375.19 30.88 1306.43
DL411+ST 21.99 348.74 3391 1457.24
VTES+ST 22.56 370.51 34.16 1531.43
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Fig. 5 FTIR spectra of different cable materials
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Fig. 6 XRD patterns of different cable materials
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Fig. 7 TG and DTG curves of different cable materials
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Tab.2 Thermal decomposition characteristic parameters of

different cable materials

Cable materials T ../°C T ../°C T ./°C MRR/%
PVC/CaCO, 293.05 458.83 672.37 21.75
PVC/AMWs[0] 292.01 459.14 706.66 24.20
PVC/AMWs[0.7] 290.37 463.09 743.89 33.47
Notes: T, ., T, and T, .are the peak temperatures correspond-

ing to 1-3 thermal decomposition stages, respectively; MRR is mass
residual rate at 895 °C.

() B fiff W (TR BE T, FH ST PVC/CaCO, X B4
e, N2 FH, PVC/AMWS[0.7]( T, FF i
£ 743.89 °C, X—IR R, MPERTE 1) AMWs 78
Bt CaCO,Ji, 5158 T PVC HL SR B iR AR
EME. X ATBER T AMWs A B B 55 i A
FEME I AR A A HCL A A . RIS, 5
PVC/CaCO, X 18 2 #H Lk , PVC/AMWS[0] # i 7£
895 °C T 1 Jit it % B 48 & T 29 11.26%. PVC/
AMWS[0.7]4F i 9 0T 122 5% P 3 e ey L 18 31 33.47%,
B INAR M CaCO, X HEZH $ETF 53.89%
3 &g

(1) 1] 4 T MR 77 e 1 AMW s I3 FH7E PVC
HL AR BF9E & B VTES st e fd: . 24 VTES
I AMWs 19 0.7% I, PVC/AMWS[0.7] A4



160

AR

2025 4E, %5 53 4,45 6 1

58 E (30.10 MPa)  Fir {1 i P45 £ (575.60 MPa) 25

il 5 5 (38.79 MPa) A5 {45 5 (1 963.70 MPa)4 ok

oM A R o B T 17.49%, 11.11%, 19.80% Al

47.50%, £ 4 J12# PR B2l CaCO, 3 78 PVC HL 45

B, H25 SR BT T 5.75%, Bl T AMWs &%

GEEURHA AT A1

(2) X%} b VTES 2k ¥ /i J5 PVC/AMWSs & PVC/

CaCo, 45Kl , & F AMWs # 1L CaCO, K 72F PVC

SRR AL A 540 5 ARG 1 B0AE 1 R T 2

BRI R R AT

(3)24 VTES i it b AMWs 119 0.7% 5, VTES

B AMWs 195 A S L B0RHE 895 °CTF it 5k A

AREETF 2 33.47%, 5 3 By BEIA M IR IR RE T i 22

743.89 °C, 3R] VTES Mt AMWs A7 2504l i PVC

el T PR AR

& % 3wk

[1] FENG Tianliang, LI Yangzhou, FANG Liang, et al. The impact of
artificial marble wastes on heat deflection temperature, crystalliza-
tion, and impact properties of polybutylene terephthalate[J]. Poly-
mers,2021,13(23). DOI:10.3390/polym13234242.

[2] ZHU Yan, WANG Zhongmin, CHEN Zhenmin, et al. High value-
added utilization of artificial marble wastes and potential applications
in biodegradable sustainable packaging[J]. Composites Science and
Technology, 2022 ,229. DOI:10.1016/j.compscitech.2022.109682.

[3] BRE, ERR, 5, % . PTT/AE R A ERE AR H &5
PERE[I]. 38,2022, 51(6):54-60.

FENG Tianliang, WANG Tianfeng, FANG Liang, et al. Preparation
and performance of PTT/artificial marble wastes composite[J].
Plastics,2022,51(6):54-60.

[4] WK, 5, B2 JEm R g d o PBS I A Rl 2 A
PR BAEREDETE[]. SRR, 2021, 49(12): 14
FENG Tianliang, FANG Liang, CHEN Zhenming. Preparation and
investigation on properties of PBS/artificial marble wastes compos-
ites by melt blending[J]. Plastics Science and Technology,2021,49
(12):1-4.

[5] LU Honglang, CHEN Keyu, YANG Xin, et al. Use of titanate to
improve interfacial interaction and mechanical properties of poly-
ethylene/artificial marble wastes composites[J]. Journal of Vinyl
and Additive Technology,2021,27(1):137-146.

[6] ZEFESY, B, 552, 55 . PLA/ S A B i 52 A R il 2 2
HEREL]. BB T, 2022, 50(2):122-126.

LI Yangzhou, CHEN Zhenmin, FANG liang, et al. Preparation and
properties of PLA/AMWSs composites[J]. China Plastics Industry,
2022,50(2):122-126.

[7] KRR, 2, )55, 55 . PET/ xS b A1 i 52 45 bRk il 85 5
PEREAIFTE[]. AL TR, 2023, 51(1):264-268.

FENG Tianliang, LI Jiali, FANG Liang, et al. Study on preparation

and performance of PET/artificial marble wastes composites[J].

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

New Chemical Materials,2023,51(1):264-268.
Ve M AR AR MR, 4 HDPE/AGR & 4 #1415 HDPE/HC
A MBHOPEREXT LU 1], MR , 2021, 49(8):20-24.
XIAN Xuequan, DU Fangli, HUANG Hualin, et al. Comparison of
properties between HDPE/AGR and HDPE/HC composites[J]. Plas-
tics Science and Technology,2021,49(8):20-24.
ORI SRS, T RTE 55 AT EBRAR TS 7E PVC ki 4
N FHASIFSE []. SRR , 2018 ,46(3):66-69.
SONG Jiangiang, PENG Hesong, GAN Kunxiu, et al. Study on
application of ultrafine activated calcium carbonate in PVC wire
and cable[J]. Plastics Science and Technology,2018,46(3):66—69.
Shfde, AR IV, G5 R IR RIS 5 A A R U 5
(] SRR, 2023, 51(5):47-50.
MA Jian,MIAO Wei, SUN Feng, et al. Study on impact modifica-
tion of polyvinyl chloride/calcium carbonate composites[J]. Plas-
tics Science and Technology,2023,51(5):47-50.
2RI, RIS . BRTRES F AR XHE BT PV CHERE (52 A [T]. SR 4K
ZJ7,2023,51(7):11-13.
LI Na, LUAN Xiaobo. The effect of calcium carbonate and talcum
powder on the properties of hard PVC[J]. Polyvinyl Chloride,
2023,51(7):11-13.
S, HEE N, BRI A R A LIRS
KA EREDETE )] HURRHE 2016, 44(5):37-41.
WU Chenbao, GAI Guosheng, CHEN Zhenghua, et al. Study on
mechanical properties of PVC composites filled with different
types of calcium carbonate[J]. Plastics Science and Technology,
2016,44(5):3741.
KA, X0 T, Yea AL, 4% . HDPE/RELE MG MO A T %
EPRHGMERERFSE[I]. SRR , 2022, 50(6):1-5.
LIU Zhonglin, LIU Wanyu, XIAN Xuequan, et al. Properties of
HDPE/silane coupling agent modified lignin composites[J]. Plas-
tics Science and Technology, 2022, 50(6):1-5.
FARSER VI, P AR 22 2 ol i o A SR SR SRR D).
THERRE S T2 ,2015,31(12):98-103.
CHEN Hanjiang, TIAN Shenghui, HE Hui. Properties of polyvi-
nyl chloride based on carbide slag[J]. Polymer Materials Science
& Engineering,2015,31(12):98-103.
RSB TR T KHSS50 B 20Kk o 1 il 45 2% PVC P fiE
RS [I]. TRESRLN T, 2023, 51(11):149-154.
LI Xianming, ZHANG Ning. Preparation of KH550 modified rare
earth hydrotalcite and its effect on PVC properties[J]. Engineering
Plastics Application, 2023 ,51(11):149-154.
VRS, IR XS % I PEG/Na,CO, SUK AL W
£ R MOk S O B HLER (D). 4k T, 2024, 43(6):3 221
3231.
XIAN Xuequan, DU Fangli, LIU Zhonglin, et al. Preparation and
formation mechanism of vaterite calcium carbonate microspheres
by PEG/Na,CO, aqueous two-phase emulsion method[J]. Chemi-
cal Industry and Engineering Progress, 2024 ,43(6):3 221-3 231.
(TH&% 190 TT)



