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Tom tat:

Céc hé s6 chuyén dong electron va gidi han cudng do dién trudng trong hdn hap khi CF4-N, dugc
tinh toan lan dau tién sir dung phuong phdp xap xi bac hai phuong trinh Boltzmann. Két qua
clia nghién cltu 1a cd s dé€ ap dung cho cac (‘g dung cdng nghiép, déc biét la trong linh vuc cach

dién khi.

T khoa:

Céach dién khi, cdc hé s6 chuyén dong electron, gidi han cudng dd dién trudng, phuong trinh

Boltzmann.

Abstract:

Electron transport coefficients and limiting field strength in CF;-N, mixture were firstly calculated
using two-term Boltzmann equation approximation. The results of this research are considered to
use in industrial applications,especially in gas insulation.

Keywords:

Gas insulation, electron transport coefficients, limiting field strength, Boltzmann equation.

1. DPAT VAN BE

Khi SFs da va dang dugc stir dung rong rai
trong linh vuc cach dién khi. Tuy nhién
do khi SFg 1a mot chat khi ¢d kha ning
gay néng todn ciu cao nén viéc tim ra cac
chat khi thay thé né trong cac tng dung
cach dién nhan duoc sy quan tam tir nhiéu
nha khoa hoc trén thé gisi. Trong d6 cac
chat khi nhan duoc sy quan tam 13 cac
chdt khi cach dién carbon florua nhu

CF3l, CF4, CyFs, CsFg, c-C4Fg [1,2].
Zhong va cac cong su [1] da nghién cuu
thudc tinh danh thung dién moi cua cac
hén hop cac chét khi carbon florua CFsl,
C2F6, C3Fg, C-C4F8 trc}n Vi COz, N, va
CF4. Nhiing phén tich nay dua trén viéc
giai phuong trinh Boltzmann, tuy nhién
thudc tinh danh thung dién mdi cua chat
khi CF4 v6i Ny chua duoc thuc hién.

CF4 1a mot chat khi khéng mau, khdng
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mui, khong dé chay khi bi nén va kha
nang bi bay hoi cao [2]. N6 1a mot trong
nhitng hop chat bén va khé bi phan hay
trong nudc ¢ nhiét do phong [2]. CF4 co
kha ning gdy nong toan cau nhung nho
hon cta SFs nhiéu va khdng phé hily tang
ozon. Thém vao d6 no rat bén va cé thé
ton tai trong khi quyén trong mot thoi
gian dai, khoang 50000 nam, 16n hon rét
nhiéu do so vai SFg [2]. Cac hé sb chuyén
dong electron va kha nang cach dién trong
chat khi CF4 nguyén chit da nhan duoc su
quan tam tir nhiéu nha nghién ciu. Nhiing
nghién cttu nay chi ra rang gidi han cuong
d6 dién truong (E/N)jim cia CF4 nhé hon
tuong ddi so véi khi SFe [2]. Tuy nhién
hiéu ing phan tan caa CF,4 la manh hon so
véi SFe. Do d6 dé cai thién kha nang cach
dién cua CF4 c6 thé tron thém véi cac khi
c6 d6 am dién cao. Do do6 viéc nghién ciru
cac hé sé chuyén dong electron va thudc
tich cach dién cua hdn hop chéat khi CF,
Vi cac chat khi khac 1a can thiét dé c6 thé
dua ra nhirng danh gia, lya chon st dung
trong cac ng dung, dac biét la (rng dung
cach dién khi nham thay thé phan nao dé
cho viéc sir dung chat khi SFe. Mot trong
nhitng chat khi phd bién dugc s dung dé
tron véi cac chat khi cach dién 1a N,. Do
d6 trong nghién ctu ndy, cac hé s
chuyén dong electron va giéi han cuong
do dién truong trong hon hop CF4-N, véi
cac ti Ié tron khac nhau duoc tinh toan sir
dung phuong phap xap xi phuong trinh
bac hai Boltzmann. Két qua cia nghién
ciu la nguon tai liéu quan trong trong
viéc can nhic ung dung hdn hgp CF4-N;
trong cac ang dung cong nghiép, dac biét
la linh vuc cach dién.
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2. TINH TOAN HE SO CHUYEN PONG
ELECTRON VA GIOI HAN CUONG PO
DPIEN TRUVONG TRONG HON HOP KHi
CF4-N,

21. Phwong phap phwong
Boltzmann

trinh

Trong nghién cau nay, viéc tinh toan cac
hé sb chuyén dong electron trong hdn hop
khi CF4-N, dua trén viéc giai phuong
trinh Boltzmann xap xi bac hai. Phuong
phép tinh toan nay dugc thuc hién nho
vao mot phan mém duoc 1ap trinh sir dung
ngbn ngitt Fortran duoc dua ra bai
Tagashira va nhiing cong su [3]. Phuong
phdp nay dya trén viéc md phong céc
phuong phap thuc nghiém la phuong
phap “thoi gian bay” (time-of-flight)
va phuong phap “trang thdi 6n dinh
Townsend” (steady state Townsend). Cac
hé s6 chuyén dong electron trong nguyén
chat/ndn hop khi ¢ thé nhan dugc 1a van
toc troi cua electron W;, hé sb khuéch tan
doc Dy, hé s ion hoa electron « va hé s6
dinh kém electron 7. Xuit phat tir dang
tbng quéat cia phuong trinh Boltzmann
cho chit khi:
q+\7v,f +av. f = (ﬂj 1)
at coll

trong d6 f = f(F,9,t) 1a ham phan bé & vi
tri r va thoi gian t véi van téc v cua
electron, a la gia téc gay nén boi ngoai
luc, (8f/dt)eon 12 hé s6 va cham gay ra boi
su thay doi sb luong cac electron trén mot
don vi thé tich caa khdng gian pha.

M&i lién hé gitra van toc troi cua electron
va ham phan bé electron duoc thé hién &
biéu thirc (2):
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W:_g(gj”zgm ¢ df@EE/N) (2)
3lm N 3 d. (&) de

trong do, ¢ la nang lugng cua electron, m
la khéi lwong electron, e 1a dién tich co
ban cua electron va gm(e) 1a tiét dién va
cham dan hoi.

Hé sé khuéch tan doc electron duoc biéu
dién nhu & biéu thic (3):

\/1 ©
NDL=3N{ 0 q o (Fg}/)ds+j —FdsJ(g)

- (woAz - A, — B, )

trong d6, V1 1a téc do cua electron, gr la
tiét dién tong cua electron, F, va w, lan
luot 12 phan bd niang lugng electron Véi
cac bac khac nhau va gia tri riéng cua no.
Vi, @,, @,,, Va A, dugc tinh toan theo cac
biéu thirc:

1/2
m

@, :VlNJ.:s}/Ztiods

3.1)

(3.2)

€ }/)ds+ (@A —®y,;) (3:3)

0 0

—VNj q,F.de (3.4)
A, =] Fde (3.5)
Hé sd ion hoa:

a/Nz%(%j Tf(e,E/N)s”zqi(a)ds (4)

trong d6 | 1a ngudng nang lugng ion hoa
va gi(e) 1a tiét dién ion hoa.
Phuong phéap nay c6 thé duoc &p dung

cho ca chat khi nguyén chit hoic hdn hop
hai chat khi voi ti 1& tron tuy . Phuong

phap nay da duoc ap dung va chiing minh
tinh dung dan cho cac chat khi/hdn hop
khi [4-8].

2.2. Cac hé sé chuyén déng electron
trong hén hop khi CF4-N,

Trong nghién ctu nay gia sir cac chat khi
CF4 va Ny la nguyén chat 100% va duoc
tinh toan tai nhiét do 300 K, &p suat
1 Torr.

Nhu di trinh bay & trén, cac hé s6 chuyén
dong electron trong hon hop khi CF4-N,
¢ lién quan dén cac tiét dién va cham
electron cua céc chat khi thanh phan. Do
d6 viéc lya chon céac bo tiét dién va cham
electron dang tin ciy dé dua vao tinh toan
la rat quan trong. Do d6, di liéu vé bo tiét
dién va cham electron duoc lay tir [9] cho
chat khi CF4 va tir [10] cho chat khi Na.
Tinh tin cay cua cac bo tiét dién va cham
cho cé&c phén tir khi nay da dugc chung
minh trong [9,10].

Céc hé sé chuyén dong electron trong hdn
hop khi CF4-N, vai cac ti I tron khéac nhau
duoc thé hién nhu trong cac hinh 1-4.

Van tbc troi caa electron trong hdn hop
khi CF4-N; vai céac ti 1€ tron khac nhau la
mot tham sé quan trong dic trung cho do
dan dién. Céc van tdc troi electron do la
ham caa cuong d6 dién truong E/N nhu
dugc biéu didn trén hinh 1. Ngoai trir
truong hop 90%CF4-10%N, hau hét céc
gia tri van toc trdi cua electron nho hon
gia tri van toc tréi cua nguyén chat CF,
va No.

Hinh 2 biéu dién gia tri caa hé sé khuéch
tan doc ND_ trong hdn hop CFs-N, véi
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cac ti Ié tron khé&c nhau. Tai cung mot gié
tri E/N cé dinh, gia tri caa ND, trong hon
hop CF4-N tang cung vai sy tang ti 1€ cua
CF,4. Trong khoang E/N <12 Td, cac gia
tri ND, trong hon hop CF4-N, 16m hon gia
tri ND_ trong nguyén chit CF; va N
trong mot vai truong hop ma ti 1€ CF4 Ion
(vi du trong cac truong hop 50%, 70%,
90% CF,). Trong khoang E/N>20 Td, hau
hét cac gia tri ND, trong hdn hgp CF4-N,
nhé hon gia tri ND_ trong nguyén chat
CF4 va N,.

Hinh 3 biéu dién cac gié tri cua hé s ion
hoa trong hon hop khi CF4-N,. Tai cling
mot gié tri E/N, gié tri ciia hé s6 ion hoa a
ti 1€ thuan vai ti 1€ tron cua CF4.
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Hinh 1. Van téc tréi cta electron trong hén hop
khi CF4-N2
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Hinh 2. Hé sé khuéch tan doc trong hén hop
khi CF4-N2
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Hinh 4. Hé sé ion héa theo mat dé dic trwng
trong hén hop khi CF4-N2
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Hinh 5. Gi& tri gi¢i han cwong do dién trwong
trong hén hop khi CF4-N; theo ti 1& trén

Hé s ion hda theo mat d6 dic trung dugc
biéu dién trén hinh 4. Pdng thoi gia tri
gioi han cuong do dién truong (E/N)jim
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(gi tri E/N khi hé sé ion hoa bang véi hé
s dinh kém) thay ddi theo ti I tron cua
hon hop CF4-N, va duoc biéu dién trén
hinh 5. Ta c6 thé d& dang nhan thay gia tri
E/N)jiim ctia hdn hop CF4-N, hau hét Ion
hon gia tri (E/N)jim cua CF4 nguyén chat.
biac biét gia tri (E/N)im ¢ ti 1& tron
50%CF4-50%N, la 160Td. Gié tri nay lon
nhat trong cac ti & tron khao sat va 16n
hon nhiéu so véi (E/N)n cua khi CF4
nguyén chat. Tu cac két qua trén c6
thé thay rang viéc sir dung hdn hop khi
CF4-N; la hiéu qua hon trong viéc su
dung khi CF4 nguyén chat trong linh vuc

cach dién khi.
3. KET LUAN

Céc hé sb chuyén dong electron (van toc
troi caa electron, hé sé khuéch tan doc, hé
s6 ion hoa) va gidi han cuong do dién
truong trong hon hop khi CF4-N, duoc
tinh toan va phan tich sir dung phuong
phdp xip xi bac hai phwong trinh
Boltzmann. Két qua cua nghién cau cho
thdy wu diém caia hdn hop khi CF4-N; so
v6i khi CF4 nguyén chit trong linh vuc
cach dién khi.
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