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CUONG PQ PIEN MOI CUA VAT LIEU CACH PIEN
L. I. Berger

Sy mit di cac dac tinh dién méi ciia mot vat lidu cach dién du ¢ thé khi, 16ng hay thé rén do tac dong ciia dién truong téi han duoc goi la dién
truong danh thung dién moi. BJ 16n cua dién truong tdi han ma tai d6 vat li¢u xay ra danh thiing dugc goi 1a cuong d¢ dién moi cia vat li¢u (hay
dién ap danh thung, do bén dién moi). D6 bén dién méi cua vat lidu phu thudc vao do day ctia mau thir , hinh dang dién cuc, tde do tang dién ap dat
vao, hinh dang ctia dién 4p so v&i duong cong thoi gian va méi trudng xung quanh mau.

Hu hai & chit khi

Cac hat tai dién trong chét khi 1a cac electron va ion tu do do birc xa bén ngoai tao ra. Nong do cin bing cta cac hat ndy & ap suét binh thuong 1a
khoang 103 cm-3, va do d6 d6 dan dién rat nho, theo thir tyr 10-16 - 10-15 S / cm. Nhung trong mét dién trLr(‘mg manh, cic hat ndy thu du’orc dong nﬁng doc
theo chuyen dong tu do cuia chiing, dii 16n dé ion hoa cac phan tir khi. Céc hat mang dién méi ion hoa nhiéu phan tir hon; Qua trinh giéng ner tuyet o nay
dan dén sy hinh thanh gifta cac dién cuc ciia cc kénh din plasma (b truyén song), va dién trd ciia khong gian giita céc dién cuc giam vé gin nhu bing
khoéng.

B&i vi d6 bén dién moi (dién ap danh thung) ctia khi phu thugc manh mé vao hinh dang dién cuc va tinh trang bé mit va ap sut khi, nén thuong
duoc chép nhén dé trinh bay dir liéu cho mét loai khi cu thé dudi dang mot phén nhé ctia d6 bén dién moi cta nito hodc luu huynh hexaflorua do
dugc ¢ cung diéu kién. Trong Bang 1, dit liéu dugc trinh bay so vdi do bén dién mdi cta nito, duoc coi 1a béng 1,00. Dé thuan tién cho nguoi doc,
mot vai cuong d6 trung binh cta do bén dién moi cua mot sb chit khi duge bidu thi béng kilovolt trén milimét. Di li¢u trong bang lién quan dén cac
diéu kién tiéu chudn, trir khi c6 chi dinh khac.

Hu hai ¢ chét long

Néu mét chét Iong 1a tinh khiét, co ché phan hiy trong n6 tuong tw nhu trong chit khi. Néu mot chét 1ong c6 chira cac tap chét 1ong & dang giot nho
¢6 hing sb dién moi 16n hon chét 1ong chinh, thi sy phan huy 1a két qua cua sy hinh thanh cac ellipsoit tir nhing giot nay boi dién truong. Trong mot
dién truong du manh, cac elipsoit nay hop nhét va tao thanh mot kénh dan dién cao giiita cac dién cuc. Dong dién 1am ting nhiét do trong kénh dan,
chat long s6i, dong dién chay doc kénh hoi ddn dén sy ¢. Sy hinh thanh kénh din (cau ndi) gifra cac dién cuc cling dugc quan sat thiy trong chit
16ng ¢6 14n tap chat rén. Néu mot chét 1ong co chira cc tap chit khi & dang bong bong nhé, su phéan hiy 1a két qua cta sy d6t nong chit 1ong trong
dién truong manh. o] nhiing vi tri ¢6 mat d6 dong dién cao nhét, chét long soi 1én, kich thudce cta bot khi tang 1én, ching hop nhat va tao thanh cac
kénh khi gitta cac dién cuc, va moi truong danh thing lai 1a plasma khi.

Hur hai 6 chét rin

Biét ring dong dién trong vat lidu cach dién rén khong tuan theo dinh luat Ohms trong dién truong manh. Mét d6 dong dién ting gan nhu theo cap s6
nhan v6i dién truong, va & mot cuong do trudng nhét dinh, n6 nhay 1én cuong do rt cao ma tai d6 mau thir vat liéu s€ bi phé huy. Hai loai su c0 dién
duoc biét dén 1a sy cd nhiét va sy cb dién. Trude day 1a két qua cua qua trinh dot noéng vat lié. Sy pha huy miu vat liéu xay ra khi & mot dién ap nhét
dinh, lugng nhiét do dong dién san sinh ra vuot qua sy toa nhiét qua bé mit mAu thir; Pién 4p danh thing trong trudng hop nay ty 18 véi can bac hai
ctia ty sb gitra ¢ dan nhiét va do dan dién cua vat liéu.

Sy danh thing dién 1a két qua ciia sy ddo hdm cua céc hat tai dién tlr céc dién cuc hodc tir ving hoa tri hodc tir cdc murc tap chét vao ving dén, hodc do
su ion héa va cham. Sy phd v& hiéu ing dudng him xay ra chii yeu & cac 16p mong, vi du, & cac diém ndi pn mong. Néu khong, co ché ion hoa tac
dong s& chiém wu thé. i v6i co ché nay, do bén dién moéi cua chét cach dién c6 thé duoc udc tinh bing cach st dung phuong trinh dong hoc cta
Boltzmann cho céc electron trong tinh thé.
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Do beén dién moi cia khi

Pon vi: kKV/mm

Do bén Do bén
Vit liéu dién méi  Ref. Vit li¢u dién méi  Ref.
Nitrogen, N, 1.00 Trichlorofluoromethane, CCIsF 3.50 1
Hydrogen, H, 0.50 1,2 4.53 2
Helium, He 0.15 1 Trichloromethane, CHCI; 4.2 1
Oxygen, O, 0.92 2 4.39 2
Khang khi 0.97 6 Methylamine, CH3;NH, 0.81 1
Khong khi (dién cue phing), KV/mm 3.0 3 Difluoromethane, CH,F, 0.79 2
Khéng khi, kV/mm 0.4-0.7 4 Trifluoromethane, CHF; 0.71 2
Khéng khi, kV/mm 1.40 5 Bromochlorodifluoromethane, CF,CIBr 3.84 2
Neon, Ne 0.25 1 Chlorodifluoromethane, CHCIF, 1.40 1
0.16 2 111 2
Argon, Ar 0.18 2 Dichlorofluoromethane, CHCI,F 1.33 1
Chlorine, Cl, 1.55 1 2.61 2
Carbon monoxide, CO 1.02 1 Chlorofluoromethane, CH.CIF 1.03 1
1.05 2 Hexafluoroethane, C;Fg 1.82 1
Carbon dioxide, CO, 0.88 1 2.55 2
0.82 2 Ethyne (Acetylene), C,H, 1.10 1
0.84 6 111 2
Nitrous oxide, N,O 1.24 2 Chloropentafluoroethane, C,CIFs 2.3 1
Sulfur dioxide, SO, 2.63 2 3.0 6
2.68 6 Dichlorotetrafluoroethane, C,Cl,F, 2.52 1
Sulfur monochloride, S,Cl, 1.02 1 Chlorotrifluoroethylene, C,CIF3 1.82 2
(at 12.5 Torr) 1,1,1-Trichloro-2,2,2-trifluoroethane 6.55 2
Thionyl fluoride, SOF, 2.50 1 1,1,2-Trichloro-1,2,2-trifluoroethane 6.05 2
Sulfur hexafluoride, SF¢ 2.50 1 Chloroethane, C,HCl 1.00 1
2.63 2 1,1-Dichloroethane 2.66 2
Sulfur hexafluoride, SFs, KV/mm 8.50 7 Trifluoroacetonitrile, CF;CN 35 1
9.8 8 Acetonitrile, CH;CN 211 2
Perchloryl fluoride, CIOsF 2.73 1 Dimethylamine, (CHs),NH 1.04 1
Tetrachloromethane, CCl, 6.33 1 Ethylamine, CoHsNH. 1.01 1
6.21 2 Ethylene oxide (oxirane), CH;CHO 1.01 1
Tetrafluoromethane, CF4 1.01 1 Perfluoropropene, CsFs 2.55 2
Methane, CH,4 1.00 1 Octafluoropropane, CsFs 2.19 1
1.13 2 247 2
Bromotrifluoromethane, CF;Br 1.35 1 3,3,3-Trifluoro-1-propene, CH,CHCF; 211 2
1.97 2 Pentafluoroisocyanoethane, C;FsNC 45 1
Bromomethane, CH3;Br 0.71 2 1,1,1,4,4,4-Hexafluoro-2-butyne, CF;CCCF3 5.84 2
Chloromethane, CH;Cl 1.29 2 Octafluorocyclobutane, C4Fg 3.34 2
lodomethane, CHsl 3.02 2 1,1,1,2,3,4,4,4-Octafluoro-2-butene 2.8 1
lodomethane, CHjsl, at 370 Torr 2.20 7 Decafluorobutane, C4F1o 3.08 1
Dichloromethane, CH,Cl, 1.92 2 Perfluorobutanenitrile, CsF,CN 55 1
Dichlorodifluoromethane, CCI,F, 2.42 1 Perfluoro-2-methyl-1,3-butadiene, CsFg 55 1
2.63 2,6 Hexafluorobenzene, CeFg 211 2
Chlorotrifluoromethane, CCIF; 1.43 1 Perfluorocyclohexane, C¢Fio, (saturated vapor) 6.18 2
1.53 2
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D0 bén dién moi chat long

Do bén Do bén
dién méi dién méi
Vit li¢u kV/mm Ref. Vit li¢u kV/mm Ref.
Helium, He, liquid, 4.2 K 10 9 Octane, CgH1s 16.6 14
Tinh 10 11 20.4 15
bong 5 11 179 17,18
23 12 Ethylbenzene, CgH1o 226 17,18
Nitrogen, N, liquid, 77K Propylbenzene, CoHa, 250 17,18
Dién cuc hinh tru dong truc 20 10 Isopropylbenzene, CqHy, 238 17,18
bién cuc ciu dén mat phé'ing 60 10 Decane, C1oH>» 192 17,18
Nuére cit 65-70 13 Butylbenzene, CioH14 275 17,18
Carbon tetrachloride, CCl, 5.5 14 Isobutylbenzene, CyoH14 222 17,18
16.0 15 Dau Silicone —polydimethylsiloxanes,
Hexane, CgHy4 42.0 16 (CH5)3Si-O-[Si(CHs)2]x-O-Si(CHa)s
Dién cyc 2 hinh ciu dwong kinh 1 Chat léng Polydimethylsiloxane 15.4 20
inch, 50.8 _Im space 156 17,18 silicone
Cyclohexane, CeHiz 42-48 16 Dimethyl silico_n(_e 24.0 21,22
2-Methylpentane, CsH14 149 17,18 Prleny!rpethyl SI|IC.0r'Ie 232 22
2,2-Dimethylbutane, CeHse 133 17,18 Dau Silicone, Basilone M50 10-15 23
2,3-Dimethylbutane, CgHay 138 17,18 Dau céch dién khodng = 118 6
Benzene, CeHs 163 17.18 Da? P?beu'tiane cho tu dlgr} ] 13.8 6
Chlorobenzene, CeHCl 71 14 Chat long dién moi may bién ap 28-30 6
Dau tu dién Isopropylbiphenyl 23.6 6
18.8 15 Déu may bién ap 110.7 24
2,2,4-Trimethylpentane, CgHis 140 17,18 Déu may bién ap Agip ITE 360 9-12.6 23
Phenylxylylethane 23.6 19 Perfluorinated hydrocarbons
Heptane, C;Hy¢ 166 17,18 Fluorinert FC 6001 8.0 23
2,4-Dimethylpentane, C;H;6 133 17,18 Fluorinert FC 77 10.7 23
Toluene, CeHsCH; 199 17,18 Perfluorinated polyethers
46 16 Galden XAD (Mol. wt. 800) 10.5 23
12.0 14 Galden D40 (Mol. wt. 2000) 10.2 23
20.4 15 Déu cay thau dau 65 25
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Bang 3

Do bén dién méi chat ran

Po bén dién méi
Vit li¢u kV/mm
Muéi tinh NaCl, crystalline 150

Muéi Potassium bromide, KBr, crystalline 80
Gbém str

Alumina (99.9% Al,O3) 134
Aluminum silicate, Al,SiOs 5.9
Berillia (99% BeO) 13.8
Boron nitride, BN 374
Cordierite, Mg,Al;SisO15 7.9
Forsterite, Mg,SiO, 9.8
Porcelain 35-160
Steatite, Mg38i4011'H20 9.1-15.4
Titanates of Mg, Ca, Sr, Ba,and Pb  20-120
Barium titanate, glass bonded >30
Zirconia, ZrO, 11.4
Thiiy tinh
Fused silica, SiO- 470-670
Alkali-silicate glass 200
Standard window glass 9.8-13.8
Mica tréing, ruby tw nhién 118

Polymers nhua nhiét déo

Polypropylene 23.6
Amide polymer nylon 6/6, dry 23.6
Polyamide-imide copolymer 22.8
Modified polyphenylene oxide 21.7
Polystyrene 19.7
Polymethyl methacrylate 19.7
Polyetherimide 18.9
Amide polymer nylon 11(dry) 16.7
Polysulfone 16.7
Styrene-acrylonitrile copolymer 16.7
Acrylonitrile-butadiene-styrene 16.7
Polyethersulfone 15.7
Polybutylene terephthalate 15.7
Polystyrene-butadiene copolymer 15.7
Acetal homopolymer 15.0
Do bén
dién méi
Vit li¢u kV/mm
Polyphenylene sulfide 15.0
Polycarbonate 15.0
Acetal homopolymer resin (molding resin) 15.0
Acetal copolymer resin 15.0
Thermosetting Molding Compounds
Glass-filled allyl 15.7
(Type GDI-30 per MIL-M-14G)
Glass-filled epoxy, electrical grade 15.4
Glass-filled phenolic 15.0
(Type GPI-100 per MIL-M-14G)
Glass-filled alkyd/polyester 14.8

(Type MAI-60 per MIL-M-14G)

Ref

26
26

6,27a
6,27b
6,27c

28
26

36
29

26
26
28

DD OO OO,

Ref.

[o21N o> e o))

Mica Magie, hé phach tu nhién
Fluorophlogopite,
Mica tong hop dén kinh

Vit liéu

Glass-filled melamine
(Type MMI-30 per MIL-M-14G)

Polytetrafluoroethylene
Perfluoroalkoxy polymer
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118
118
14.0-15.7

PO bén
dién méi
kV/mm

13.4

Extrusion Compounds for High-Temperature Insulation

19.7
21.7

Fluorinated ethylene-propylene copolymer 19.7
Ethylene-tetrafluoroethylene copolymer ~ 15.7

Polyvinylidene fluoride

Ethylene-chlorotrifluoroethylene
copolymer

Polychlorotrifluoroethylene

10.2
19.3

19.7

Extrusion Compounds for Low-Temperature Insulation

[o2 )]

Ref.

D OO OO,
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PVC (Polyvinyl clorua)

Déo 118157 30 veeni o
Cimg 13.8-19.7 30 Vecni tam ap suat chan khéng, son
PE (Polyethylene) 18.9 28 bf’mg pol;{ester kkh(”)ng dung moi
Polyethylene, mat o thip 217 6 Cimg, 2 thanh phan . 709 6
300 31 Thixotropic lién két cao, ban linh hoat ~ 78.7 6
Polyethylene, mét d¢ cao 19.7 6 Rigid high-bond high-flash 68.9 6
PP freon-resistant
Polypropylene/polyethylene copolymer 23.6 6
ypA' by . polyethy e Baking type epoxy varnish
Hop chat nhung . .
Nhua epoxy co ban: 19.7 6 Khéng dung méi, cimg, d6 nhét thap 90.6 6
bisphenol-A/epichlorohydrin 1 thanh phan ] ]
polycondensate Khong dung méi, ban linh hoat, 1tp 82.7 6
iDhati < alioveli Khéng dung moi, ban linh hoat, 106.3 6
Cy(?loallphatlc epoxy: alicyclic 19.7 6 khang hoa chat, hing s6 dién moi
diepoxy carboxylate thi
p
Polyetherketone 18.9 30
Polyurethanes Solvable, for hermetic electric motors ~ 181.1 6
2 thanh phén, 1am khd polyol 25.4 6 Lép phu Polyurethane
2 thanh phan khéng dung mai, 24.0 6 Clear conformal, kho nhanh
Gée polybutylene Dl;u kién chuan ’ 78.7 6
- Dbicu kién ngdm tam 47.2 6
Silicones . 1 va phim chch dié
Nhura nhiing Silicones déng ran 21.7 6 Bang'dan Vva phum cac fm"{ B
2 1an trong subt Phim polyethylene mat d¢ thap 300 31
A s e (40 pm thick)
Son cach dién mau do (MIL-E-22118) .
Kho 472 6 Phim Poly-p-xylylene 410-590 32
A 11.8 6 Phim Aromatic polymer
S m : Kapton H (Du Pont) 389-430 33
0;1 6 khé nhanh Ultem (GE Plastic and Roem AG) 437-565 33
(m.AO 1o nhanh - Hostaphan (Hoechst AG) 338-447 33
Diéu kién tiéu chuan 8.7 6 Amorphous Stabar K2000 404-422 33
Dbiéu kién ngam tam 47.2 6 (ICI film)
SO‘% f{enkm it chud . 6 Stabar S100 (ICI film) 353-452 33
D;ZE k;ZE nl;;lncl tgf:ll 47'2 6 Phim Polyetherimide (26 um) 486 34
j ' Phim Parylene N/D (poly-p-
xylylene/poly- 275 6
dichloro-p-xylylene) 25 um
Phim Cellulose acetate 157 6
Phim Cellulose triacetate 157 6
Phim Polytetrafluoroethylene 87-173 6
Phim Perfluoroalkoxy 157-197 6
Phim Fluorinated ethylene-propylene 197 6
copolymer
Phim Ethylene-tetrafluoroethylene 197 6
Phim Ethylene- 197 6
chlorotrifluoroethylene
copolymer
Phim Polychlorotrifluoroethylene 118-153.5 6
Bing cach dién cao su dién cao thé 28 6
Céc chit cach dién khac
Cao su tu nhién 100-215 26
Cao su Buty 23.6 6
Neoprene 15.7-27.6 6
Cao su Silicone 26-36 6
Cao su Silicone luu hoa nhiét do 9.2-10.9 35
phong
Ureas (from carbamide 11.8-15.7 28
to tetraphenylurea)
Gidy cach dién
Gidy Aramid, dugc cudn ép 28.7 6
Gidy Aramid khong cudn ép 12.2 6
Aramid vdi Mica 39.4 6
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