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Abstract

Due to its resistance to flame and chemicals, PVC has been widely used Received: 5 October 2022
as an electrical insulation material for wires and outer sheathing of Accepted: 16 June 2023
cables. During normal operation, underground power cables are Page Number: 22-51

subjected to various stresses such as exposure to heat, humidity, and
mechanical stress, which lead to changes in insulation properties and
deterioration over time. Polymer nanodielectric materials refer to
polymer nanocomposites that have several weight fractions of inorganic
particles with nanometer dimensions. Dispersing these tiny nanoparticles
with polymeric materials resulted in significant improvements in both
dielectric and thermal properties, which in turn makes polymer
nanocomposites the most popular term in the dielectric community. To
optimize these novel properties, the dispersion of nanoparticles within
polymeric matrices should be enhanced, and this can be achieved by
chemical functionalization of nanoparticles surfaces using silanes or
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polyalcohol as coupling agents. This functionalization will result in Keywords:
changing the chemistry of nanoparticles to be compatible with that of Nanoparticles,
polymers, and to reduce their agglomeration within polymer matrix. In Polyvinyl Chloride,
the present study, the results of the researchers' studies on the dielectric PVC,

properties such as relative electrical permeability, dielectric loss and
mechanical properties such as tensile strength and modulus of elasticity
of PVC used in insulation of wires and cables due to the introduction of
metal oxide nanoparticles and some of their important results have been
discussed.

Nanodielectric Polymer,
Insulator,
Wires and Cables

Please Cite this Article Using:

Yaldagard, M., & Yaldagard, J. (2024). A Review of the Effect of Nanoparticles on the Improvement of Mechanical
and Dielectric Properties of Polyvinyl Chloride, Nanodielectric Polymer, in Wire and Cable Insulation. Iranian
Chemical Engineering Journal, 23(132), 22-51, [In Persian].

000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000


https://doi.org/10.22034/ijche.2023.364572.1243

92 59000 SldgL 51 0 (509 00

FY-01 :(1F V) dwgow 9 300 8 )losd - pgwglamn S - Ol ol (soad (s digo 4 pdi

9> D

FSJIss 9 Sl Lol

SIa) «eetSQ

92

(5,314

S )9 y——=>n aJ_s,

d DOI: 10.22034/ijche.2023.364572.1243

©0le)

This journal is an open access journal licensed under an
Attribution-NonCommercial-NoDerivatives 4.0
International license(CC BY-NC-ND 4.0).

o g by SO pSls0 9 (SHlo plet Sgnts (5952 IpSeb ¥ (5590
JU 9w sLaGle 50 o5l So G253 s, lS

';;TI.U.;. e :.-:H:)fl.x.l.l =

VENVNY bl e fo b
VEYYINE G ol

BY LYY iolonis oyl

ojlgunls

«&l,3436

Ll sy
‘(SIS

5 et S S g0

FE 5 oo cBile

m.yaldagard@urmia.ac.ir : )l ely

ouS

9 Lo S0 ol Olpo laicds o pliod Olpo g dlas plyo Cooglio o) sy
G sl o5 i sole L5 Jsbo o 050 B4 (sloo,is sl Lo LS g e iy
o pmio 45 WipS o )5 (Sl [T g Cogh o )S uiile cdlizo (olo)lis il teojy
oy jaoalaili 4 (6 )by Sy 5050 Olpo 09800 Hloj b 40 Gile ()P 5 olF et
99d 0 GUb] cdian (5 plogili Dol b (Suno D)3 I (godeie g slo S (S0 AT (5 b
9 S50 JolsF 0 (g2 gr M8 (sloogugy 4 pzmio 5yl Olpo b oy SS9l ol ST
Lrol 0 Pl o yigmo 4 ]y (5 )lows (sloCy j50l3il 095 dgis & Casloa ()i
29 DSl (FALT sz sla o Thg ol ilw ity ST - Sslod,S ks 50
SS9l gl (ploonS 535 o Jole b wloi oo (5 Wl 2l b (5 ks slo e il
dyzmio 50,5 o ole ol ] sy 0uiiS i folge lpieds STy b Lo Y jloolizill
g (o0 (Sl e 40 Lo ] gozm J1dlS 5 Uyl b 6L 50 S35l s s
Pl 9y DS weeST N30 50,50 5 Ty Hlidme Clelllae gl ol Al 4o
Pl i Slo ol 5 S50 DAL o Sy (ot (20, 8 lai ST 50
Fp 5 0k oy o g Lo ol 0 00l 9 50 st (S Y pdo g (22

i § (58 BuSLESNS gl olKils caeg)

e 4 ol
& yody S il 5055 IS g by S SUls 5 (Sl olsm Sguar (555, D350 BT 5 5590 (VT 1Y) Lolez 0 )Slaly g a0 Sy
VXY COVOINY ol o ooigio iy o S g o sl e 5o


https://doi.org/10.22034/ijche.2023.364572.1243

shls ez oole .[V—‘\]o)b G drme b (6,850
L oS oK o594 towl g (Sl plss 9 YU sew 40
S Sl eogls aS 1) gz g Sgd 0 boglore 5L 83lu5l ;o Slge
6 sl G Sl g5l olga YN ¢ Tums o JuSKits 09 o 0aral
695 a8 Sl Bile Cliniss Ao aldS slaJlo 5o
gyl Liduslio,o D \].xsloo; A o9 w1y g0l Ay
S ySllgs el Ghls (cwsg g DY game (o> Cuaglie
obos e YU G iSUlss Sl SIS omSss s sl
Slgs gl L5 jobas § ol gom> Cglie 5 S xSl go wlals
INYlel i il S8 5 o5 L gt 35 ke
Gle olye S pSllss oLy 5 alises (olys cosds (6l
BN V.7 S V| PRSI O ¥ WP D) 8. Y| M -3 N
6okt S s550alS 5 A5 iy 5 00 STy (ks 5L
45 6 s sl jualS il olge [V ) Y1 B0 o ol
25 loss aneddle wsd oo BB la)] & ()b S0 2SIso
Some Oy (San  SaiSTy blagl ws,ls G psUles sloo )18
S Sl Bale S 53 (egli Ve 5l eS) (5 7egil el L
e (6 ks Slge b ay Dly350 cnl (FauSTy wigd oo il
oS Celoads ()l 5 S SUles (plot 53 65 i slasse
S 3 o9 daul b azly 4 3B ) )b slace el 5l
Sl slaolSims o maz Bile dlga laied oo (3 (omiigs
DVEVPloslo oo g iUl canio ,o S3b ok lgieas b YL
J=85l D35 sloea Sy 51 1 olssS (55950 allie cnl )

ST pgilins ST (59, 356

9 028 5w rodin 5 0
Lae] 65,5 slsdele b olhdgil zolaw (sloowd Mol iz oo
Gopymt 00S i Jolse lgiay IS b Lo Dl sloslizall
3 S Sl Al g SHle alyt oS Slss ole
elons ansls b LS ile

Wiacd 6 Sl NV]eYlae o a5 S0 asUlss slacass
o1y SMbl a5 s & aghge (20,05 g & aily 83,35
Ely s e Ot Bls plgsan sl Sy (2)LS 550

Floe! (68U Glae S5 L osle S doeits G Sdlso

Olwg e glod ;o 5 () calize (sla kS 3,0 a5 ol

() Dolaa b & alies o 089,35 S oo

oo .)

Jold buglo g hpnd )Lt o jo sloaSd Sloolisiud o4l
SeBOl S (e p) Br IS sle bl 51 5 lacsle s
el (55978 S50 Bl 4 G 5l (cenlae p JUiUl 51
3 6yl s olgo by by, 205 L LS glo aslolis oy
3 =2 Aes w18 6l Bile o LIS sloslatul Laigd o
isole 0,515 Jobo yo onlasdl (508 g e slaasen
45 008 (o0 1B AliSe slajlid Con e n) 3 sla M
ol ee 09 o Olaj Job 50 Bile (olgS i e
9 Sugb) Lo ) (Brme 3 (58,518 wiile (6 Al slawl 2
oS )l ;0 &5 (ol la)h ge etz oo g (Sl i
35 A Glee 58 glagel sbnl Cely 58 oo ol DC Glae
Jiosl L ol pogdle [Vs¥]ogt o LS Gole jo iz St
9 Vgl co 03x0)S (33482 &l 50 (g5l Slge o S SN o
Je (3l bl sla JUB plomeds ondiogenn S (> lg ol
Of Jlsioany s 4l ol (59,0 G5 Gl 33l du i 45 08 o0
Ol 29t Bile JolS (2l 9SSl e g a5
350 0 ) 58 Jlid Sl oS ol 5 el (See o5
259 gleasd 0 S, Pl (ahad ay e Colydyo oS
Ble Gla S5 LYb ds,o sla blS o, onl 5l [¥-0logs
Lol 5l g asles slazel L5 wlols b wigh 12 b s>
58 eoliabl S bl oas ol [Flogd (5 S5l> anso
Slod i jebany (o5 A jp g Sl Sges (39209
Dby ) ey S S Gl (S S Bile Slge plsasay
Sl o LS (sl ool 5 )50 (o50a0 byl (n )
Ol=liah 5 (s 9s) 9=llS g b wisle Seiadlige 5
dig Sloedn a5 Cl Jls G (w9 2) PVC o
Sl glhls o jls IS as )5 0 L*-’)"-’ S O e S
99 4 (i S9s ol (555k a0 yo V- L'aL*-’;"-’L'gs"-"L»-»-w
S g sk g adg adgi joeslinal (lpear o (Lol S
S 8 Ble g (S dg )3 osliiul 8590 lyieas pdySllanil
S Slss olss g mly Cand Jdods (cisasy 09 s Sy
Ple 45 Sl Bile Slge (p 5B pany 5l (So 9> 59l

9 S S92y Jdoany 15Tl 5o Jle Caglia sl oleess

(\&-Y) aumg o 9 Su0 0 ylouh - PRty Jlw — sl oal (e dqee A puiss

e S pSJlss 9 (S yolg> S9ae2 S92 OLIFL ST 20 (Su90

YyY-o) Lo — é)f‘..\.l.l 9 é;‘»\.lg‘



YY-O) Lol — .>;|..\J.1 9 é;‘»\.lg.

oS RSS9 (SHBw olsS S92 (S92 ©OLIEL S e So90

Leoalyy e g ol sl Lannlile o (69,84 pasin S 2Sdleo
Lo s 5 ol Lae DAYV el Jyane S5 yieg See 013
ol Az 9) o Ken (SaSTy Lol S5 5 mlaw 4 boes
Sl 9 D39 o 05 S piie e &l g (D390 (S olS
i len U g o >le ialial [V 0lagi oo ools cans
Lo, iSlsogls S5 iSUlss (olys 2 slogily o3l oS e
JUSVECS IO X SURT S SO P U RN FURN BRI
S o5 malS ayoeie il ol jer ali slo IS Bes L5 o515 )0
S 3 50 et GBS (5090 055 00 o Jel> (555 5
St e Jobo Gl sl cnl (S 5 315 Slge 45 ]
S SUsogls e )i, S50 5 (silmatige slp [V Flogs
= Looa S 59l AgSa aScnlio)ls se2g Ala (g3l ()b
oSl 5 05,38 a3 (5 )l sloc a5 8305 ols>
9 yslimsdy sl g (FaSTy A s b 2Slas (6 35k
el (6598 el jiz (65l S pSUls39l e sla Sis
oels=> [YD]Q‘)L&’-"’ 9 s 55 oedsl Glsreay pulul ol
3l Al p wallS Jeus b lace el ol S xSlss
TVIEY b ol L) ools J5 ks g yds 003 ZNO (59, duonaS|
Dol e JSladlae Jsb o plinl oS gy n 1) (o>
Lo jopalS gl CanSils 508 (59, dmST (59, 2,350 (61 T,
L1, PVC / Z10 Cy500lS 55 DC oSy & j03 g 033,5 oow
PVC Liaglie,o oo jinw (59, duST Ol 356 S35 duo 00 /0
it Sy Lol aadllas o ool posdle iols zal3dl asly
clale o o dn (tand ) wlow Slali g (8" ) (25,45 1l
(5B NV B 3550 00 ) sudJlosl (uilS 3 5 (59, wnST S350
Lt s, 5 oSl Shogas (V) 5 (V) U8 0l ()
L IYOl o, Ken 5 ygate dalllas ;o oo jiiw (53, dumnST )34k
plod 00 3iiw ZNO ;04 4503 XRD (631 ;0 000 oo ylis
S5k 851001 5 alons sols Lol ZNO & pgiay il bghs
il by bas alas gl 8 Asles jloslitull sniios] cpass
$L 8310l 55 gy 2 9590 (59, ST H0g a5 Sl plid eadield

el agil YO s> 1Sk b 1iaglb VO B YA o0

g (w) = &' (w) — i (w) QD)

oilS 8 Sl w=2f . i=+v-1 Q])oc\_foj_.z‘é_.ooob

(V) dolas .ol slasgls

Cp
(Axgg)

g =tx )
Ju— “_5_¢_|a§5o Sde dﬁiu_P Jdoa 1) eljw ‘_.;}.;mw_bs
a3 oo GLaS (i kb b ool 009 Sl slag s S8
o 50 ool J5ls 58 oaicali (65, b canling a5 €7 iz o

Sﬂzt/(waprxeo) ™

GLih 2,35 £ dpog Sl Eirlce A iges Caalieds T Loyl o
5l Ledised (55150 Cunglio 5 51 b )b o 54 Ry 5 Gy 5 0131
Oldme S =By &S Sl astine 098 oo (6 S ojll e LCR
5 Ol e G w09 (o0 Jlosl oole S (59, oglite (S 2SI
ol 8 agly L )*-’l—‘ o=l 010 05z )*’L Sekad 50 s
Gyl i basmoylis (tan §) SO Sl go Slals L0gd o o0lo

) :\Ja.g‘) L 9 Sl aS,g,’iSJlé‘d Je od&o)ﬁ}é LSS)J‘ 4 odbals
tand =€/, )

.[\V]Q}&Lso oals las

—PVC S psdlgogil So pisdlge (plgs dene ¥

138 snsST & y39ib bl
PSR- TRCK HTERVIR RCA RV ECK IRV ERPIPORVEC SO TR
Gile oliabl ollB (al5dl sl (6o oSy Sl g0l o
3 5 g e g 00 ,id (o 2lib o gl wsay 5 (So Sl
o5 Ceslos S el g0l liios gla,lS a5yl g laolSi

Slosyip g s, sl jlawn 4 @lpld alST ol )340 o Sl

Iranian Chemical Engineering Journal - Vol. 23 - No. 133 (2024)



8000 3} \3
1 S N,
7000 - v o
6000 - _)‘ Y

o
4 <)
; 5000 8 N

3 ] - )
« N 3)
& 4000- N A
0 1 -y R
$ 3000+ J N
- o b

£ 1 5 8 X

2000 o oo -

) A - o\

1000 - - v

) I E S ;

0 JUUL g

T T T T T T T T T T T
20 30 40 50 60 70 80 "
2¢0.degree Q\

[YOJoudd Wiiu (59 y dawusS) yoa 93 Sl §5 43 5901 N JSuli
Figure 1. XRD pattern of the synthesized ZnO powder [25].

5% ol

eSO Sl 9

@

Voo alanS )5 59 (@) o Fihes (595 saeus] & 53 93l (Slase (il g ) (39 ASI G gSiur g pSae SLaS! S g ySae Y Yl
Y0l yeg8s0 ) ulille 700 (ladS 53 (b) 9 o9 Sae 0 (ulile o
Figure 2. FE-SEM micrographs of as- synthesized ZnO-NPs: (a) 16,000xmagnification and 5 pm scale;
(b) 60,000% magnification and 1 pmscale [25].
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Figure 3. Dielectric strength variation for PVC/ZnO nanocomposites prepared in accordance with the procedures
No. 1 and No.2 as a function of filler concentration [25].
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Figure 4. (a ,b)Variations of ¢’ for the investigated PVC/ZnO nanocomposites with the applied frequency (a) from 500 Hz to 10 KHz
(b) from 20KHz to 1IMHz at room temprature. The inset in (b) represents the variation of £’ with ZnO nanofiller concentration
at 100 kHz and 500 kHz. The solid lines in the inset represent regression fitting [25].
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Figure S. Variations of tand for the investigated PVC/ZnO nanocomposites with the applied frequency range
from 20 kHz to 1 MHz as measured at room temperature [25].
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Table 1. Composition and abbreviation of all the prepared samples [32].
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Figure 13. FT-IR spectra of SiO; (functionalized and un-functionalized nanoparticles) [45].
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Figure 15. Stress-strain characteristic of PVC, PVC/0.5 wt.% un-functionalized SiO, and PVC/0.5 wt.% functionalized
SiO, nanocomposite at 25 °C [45].
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Table 2. Elongation, tensile strength, and modulus of elasticity of Neat PVC, PVC/0.5% un-functionalized
SiO; and PVC/0.5% functionalized SiO, with amino at 25 °C [45].

Name of sample

Young’s modulus (MPa)

Elongation (%) Tensile strength (MPa)

Neat PVC
PVC/0.5% un-functionalized SiO,

PVC/0.5% amino-functionalized SiO,

67.17
98.5

1610.5

225.49 6.59
204.29 8.64
164.92 12.53
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Figure 16. Frequency dependence of gr for PVC/SiO, nanocomposites at 25 °C, (a) with un-functionalized SiO,

(b) with amino-functionalized SiO, [45].
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Figure 17. Frequency dependence of tan 1 for PVC/SiO, nanocomposites at 25 o C, (a)with un-functionalized SiO,
(b) with amino-functionalized SiO, [45].
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Table 3. Torque maximum (MH), Torque minimum (ML), torque difference (MH-ML) and Balanced Torque (BT) vs.
time for PP/NR (90/10) blend and its nanocomposites [64].

Organoclay content

(phr)
0 16.5
1 22
3 24
5 25
7 215
9 42

2.5

2.5
2.5
2.9

14 7
20 8
20 7.5
22.5 6
25 5.5
39.1 7

PP/NR =Pure PVC/Nano Reinforcement
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Table 4. Water resistance properties (measured in water at
25°C for 3 days) of neat PVC and PVC/Organoclay
nanocomposites [64].

Water uptake rate
Organoclay content (%) P

(wt %)
0 0.018
0.5 0.036
0.75 0.053
1 0.073
1.25 0.083
1.5 0.1
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Figure 20. Electric field distribution in cable insulation with air void in different percentages of metal oxides and caly.

3.0E+6

———— Pure PVC

------ 10wt.% BaTiO3/PVC

55Es6 | = = = (10WL% BaTiO3 + 15wt.%Clay)/PVC
(10wt.% BaTiO3+ 15wt.%MgO )/PVC

e« (10wt.% BaTiO3+ 15wt.% Fe203 )/PVC

----------- (10wt.% BaTiO3+15wt.%TiO2)/PVC

(V/ m.g
=
o
ES
/

&

&

&

]

v
'

Electrical stress

1.OE+6

5.0E+5

0.0E+0 s Nt
025 125 225 3.25

oy S 9 038 waas] BI85 slans o 98 B SLdS | sudals Juls 5, @ale o S ASH lase g 355 YY) JSid

Figure 21. Electric field distribution in cable insulation with air void in different percentages of metal oxides and caly.
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Figure 22. Electric field distribution in cable insulation with air void in different percentages of metal oxides and caly.
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