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Toém tat:

Bai bdo trinh bay cac két qua nghién clru su hinh thanh methanol khi tang toc d6 gia hda cach dién
gidy trong dau bién ap dudi tac dung clia nhiét do. Tat ca cac vat liéu dung cho nghién clru (gidy
cach dién day cap, dau bién ap) déu dugc san xuat tai Lién bang Nga. Cac thi nghiém tang toc do
gia hda gidy cach dién day cap K-120 trong dau bién ap 'K sé dugc gidi thiéu & phan cudi cla bai
bdo. Su phu thudc ndng do methanol vao bac polyme hda cua cach dién gidy thu dugc bdi cac tac
gid va cac nha nghién cltu tir Anh, Phap da dugc so sanh va cé thé trg thanh cd s dé danh gia tudi
tho cuia céch dién gidy va tudi tho con lai cia may bién ap luc.

T khoa:

Methanol, gia hda cach dién gidy, dau bién ap, bac polyme hda, gidy cach dién day cap.

Abstract:

This paper depicts test results of methanol formation appearing in paper insulation accelerated aging
in transformer oil under temperature influence. All studied materials (cable insulation paper,
transformer oil) are manufactured in Russia Results of cable paper K-120 accelerated aging in
transformer oil TK will be presented at the end of this report. The dependence of methanol
concentration versus the degree of polymerization of paper insulation, obtained by the authors, have
been compared with dependence gained by English and French researchers and may become the
basics of paper insulation remaining lifetime estimation, as so for, remaining lifetime of power
transformers.

Key words:

Methanol, paper insulation aging, transformer oil, degree of polymerization, cable insulation paper.

1. MO AU dién bao gdm cach dién gidy ctia cic cudn
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khir khi, tai ché,...). Nhung cach dién gidy
khong thé duoc cai thién, con thay ma&i
doi hoi tién hanh dai tu rat ton kém. Nhu
vay c6 thé noi, tudi tho MBA duogc xac
dinh boi tudi tho cia cach dién gidy.

Chi sé dinh lwong mirc gia hoa cua cach
dién gidy 1a bac polyme hoa [1]. Béc
polyme hoa cua cach dién gidy theo [2]
dugc do thong qua viéc xéc dinh dac diém
d6 nhdt cia dung dich cach dién gidy.
Tuy nhién, phuong phép nay khong dugc
sir dung rong rai do viéc ldy mau cach
dién gidy chi c6 thé thyc hién khi dua
MBA vao sira chira va mé ndp. Ngoai ra,
viéc lay mau can duoc thyuc hién ¢ diém
nong nhét (vi duy, phia trén cudn ha ép).
Tuy nhién, sau khi 14y mau viéc cai tao lai
cach dién gidy 1a mot bai toan rat phirc tap
va doi hoi chuyén moén cao.

Bién phap gian tiép danh gia tinh trang
cach dién gidy theo ham luong cac chat
chi thi trong dau MBA hoic chi du gia
héa thé hé mot va hai cling khong dugc
dung pho bién [3]. Trong mot thap ky gan
day, hang chuc bao cdo vé chi dau gia hoa
cach dién gidy méi, thudc chi dau gia hoa
thé hé thtr ba 13 methanol, da duoc dé cap.
Methanol dam bao cac yéu cdu co ban
nhu sau ddi v6i chi ddu gia hoa cach dién:
a. Do hoa tan t6t trong dau bién ap;

b. Methanol bi hdp thu tét cho phép do
ham luong con du sau khi thay dau hodc
tai ché dau;

c. Do 6n dinh hoéa hoc du cho cac muc
dich thuc nghiém.

2. KINH NGHIEM NUYO'C NGOAI
TRONG NGHIEN CUU HINH THANH
METHANOL TRONG QUA TRINH GIA
HOA CACH BPIEN GIAY DO NHIET PO

Céc mo6 hinh dugc su dung trong cac
nghién ctru methanol rat khac biét. Diéu
nay c6 thé anh huong dén cac két qua
thu dugc, nhu dac tinh phu thudc cua
methanol vao bac polyme hda cua cach
dién gidy. Vi du, trong thi nghiém tai
Phap [4], mot phan day dan quin 4 16p
gidy cach dién duoc sir dung lam mau.
Cach dién gidy duoc chia 1am 2 nhém c6
d6 am khac nhau: dudi 0.5% va 1%. Ty 1&
khéi lwong dau so vé6i khéi lugng cach
dién gidy 1a khoang 50/1. Dau va gidy
dugc dat trong binh thay tinh 200 ml nhu
hinh 1.

Hinh 1. Han kin binh thay tinh [4]

Su gia hoa cuia mau cich dién gidy trinh
bay & trén dién ra & 3 murc nhiét d6 98°C,
110°C va 122°C trong vai thang. Luu y
rang, thi nghiém ¢ 110°C dugc tién hanh
véi miu cach dién gidy co do am dudi
0.5%. Két qua cac thi nghiém duogc biéu
dién trén hinh 2.

Trong thiét ké cua binh thiy tinh han kin
c6 mot han ché 16n & phan khong gian
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chra khi phia trén phan dyng dau.
Methanol sinh ra khi phan huy céach dién
gidy sé& chuyén mot phan sang pha khi
theo hé s6 phan bd gitta dau va khi. Khi
mé binh thuy tinh nhu vay thi phan
methanol s& c6 thé mat di, 1am sai 1éch
dén viéc dién giai két qua thi nghiém.
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Hinh 2. Sy phy thugc néng dé methanol va
furfurol vao bac polyme hoéa cach dién giay [4]

Mot nghién ctru khac tai Anh tién hanh &
nhiét d6 120°C [5]. Trong do, nhdn cach
dién gidy khong duoc chi ra, con dau bién
4p nhan Gemini X c6 chta chat lam
cham. Ty 1¢ khdi lugng dau trén cach dién
gidy 1a 20/1. Két qua nghién ctru dugc
biéu dién trong hinh 3.
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Hinh 3. Sw phu thudéc ndng dé methanol
va furfurol vao bac polyme héa [5]
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Trong cac tai liéu [4, 5] khéng c6 thdong
tin cho phép dién giai mot cach don tri
cic quan h¢ phu thudc gitta luong
methanol hinh thanh va bac polyme hoa
ctia cach dién gidy. Luu y rang, dé lam 16
quan hé giita hai dai luong nay can tién
hanh cac thi nghiém tuén thu cic diéu
kién nham han ché sai s, gdbm co:

a. Yéu cau vé phuong phap va cong cu do
methanol trong dau bién ap.

b. Vat liéu (nhan mac cach dién gidy va
dau bién ap) va ty I¢ cuia ching.

. Yéu cau ddi voi binh dung cho cach
dién gidy bi gia hoa trong dau bién ap.

d. Piéu kién tién hanh thi nghiém.

Viéc mo ta cac yéu cAu vé mit dung cu va
phan tich do ham lugng methanol trong
nghién ctu cia ching t6i nam ngoai
khuon kho bai bao nay. Tuy nhién, vé mat
ky thuat va dac tinh do luong, chung
khong hé thua kém so véi thiét bi cua
nudc ngoai.

3. NGHIEN CUU S HINH THANH
METHANOL KHI TANG TOC GIA HOA
CACH DBIEN GIAY TRONG DAU

BIEN AP

3.1. Vat liéu

Trong cac thi nghiém cua chung t6i dung
gidy cach dién day cap nhin hiéu K-120
(GOST 23436-83) va dau bién ap nhén
'K (TU 38.1011025-85) phd bién hién
nay trong cdc MBA tai Nga va cic nudc
cong hoa thudc Lién X0 ca.

Phan tich ciu traic MBA dang duoc van
hanh tai Lién bang Nga cho thiy, chi sd
Kg=mg/my dbi voi gidy cach dién day cap
niam trong khoang tir 0.0333 dén 0.0424,
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con voi cactong dién thi K.=m¢/my nim
trong khoang tir 0.0805 dén 0.1 (bang 1).

Bang 1. Di¥ liéu tlr mot s6 MBA dang van hanh

Kiéu TPJIH- |ATIITH-| AOJITH-
MBA 40000 125000 167000/500

/110 /220 /220

Khéi 23.6 48.0 39.3

lugng dau

my, tan

Tong khéi 2.9 6.4 5.3

lwong

c;ich dién,

tan

Khoi 1.9 4.8 3.7

Iuong

céct()’ng

m,, tan

K, 0.0805 0.1000 0.0941

Khoi 1.0 16 16

lugng giay

cach dién

day cap,

mg, tan

K, 0.0424 0.0333 0.0407

Tir bang 1 dé tién hanh thi nghiém, chon
gia tri K.=Ky=0.055 nam trong khoang
gia tri tir 0.0333 dén 0.1.

Kich thuéc mau gidy cach dién day cap
K-120 14 200%6.25x0.012 cm, khéi lugng
riéng trung binh ctia mot mau 13 12.6£0.4 g
v6i sai s6 do 1a 0.02 g. Dai gidy duoc
cu6n thanh cac cudn duong kinh gan 2 cm
va duoc sdy trong chan khong ¢ nhiét do
100°C lién tuc 36 gid dé dat dén muc do
am 0.5%. Sau khi sy, mot phan mau gidy
cach dién day cap dugc lam 4m véi d6 am
trung binh dén 1% va 2%. Nhu vdy, cac
mau gidy dem thir nghiém gia hoa c6 do
am 1a dudi 0.5%, 1% va 2%.

Cac mau gidy cach dién day cap da chuan

bi duogc dat trong céac 1o thi nghiém chura
day dau bién 4p nhin I'K véi d6 4m
12 g/tn va ham lugng 6xy 3-4%.

3.2. Lo thi nghiém

Su gia héa cia miu vat duoc tién hanh
trong 1o thi nghiém nhu hinh 4. Dung tich
bén trong ciia mdi lo 1 270 cm®. Khi thiét
ké lo da tinh dén cac yéu cau sau:

a. Do kin (that thoat khi it nhat) cta lo.

b. Bam bao sy gidn nd dung tich do nhiét
dé khi 1am néng lo khong cho phép su
xam nhdp cua khong khi bén ngoai vao
trong.

c. Khong c6 phan tmg hda hoc gilra vat
liéu ché tao lo dung véi vat liéu nghién
ctru bén trong.

d. Khong c6 du phan khong gian chira khi
trong lo sau khi da d6 day dau bién ap.

Hinh 4. Lo thi nghiém

Pé thu duoc dir liéu théng ké tin cay
trong cac thi nghiém gia hoa nhanh, tir 20
dén 35 1o thi nghi¢m da dugc st dung. Tat
ca céc lo thi nghiém dugc dd dau bién ap
day 100% dung tich bén trong, loai trir
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cac bong bong khong khi sau khi da
day kin.

3.3. Diéu kién tién hanh thi nghiém

Viéc lya chon nhiét do cho thi nghiém gia
hoéa nhanh cia vat liéu tht nghiém dya
trén co s& dit lidu [4], theo d6 & 122°C va
d6 am cach dién gidy 1% béc polyme hoa
ctia cach dién gidy c6 thé giam téi muc
td1 han (250 don vi). Thoi gian gia hoa
lién tuc gan 170 ngdy dém. Céan nhan
manh réng, mot trong céc diéu kién co
ban cua viéc thyc hién gia hoéa nhanh la sy
tu giéng nhau cia qué trinh, nghia 1a co
ché gia hoa cich dién gidy trong MBA
trong qua trinh van hanh phai gidng nhu
co ché gia héa trong cac diéu kién thi
nghiém tang tdc. Theo cac thong tin & [1]
tai nhiét do dén 140°C thuy phan 1a co ché
gia hoa chu yéu. Tir didu kién nay, dé rat
ngan thoi gian thi nghiém trong bai bao
nay nhiét do gia hoa dugc dat 1a 130°C.

Bén canh viéc st dung tir 20 dén 35 1o thi
nghiém, mot trong cac yéu cau co ban cua
viéc tién hanh thi nghiém 1a dam bao su
on dinh nhiét d6 & tit ca cac lo thi nghiém
trong sudt qua trinh thuc hién. Do vay,
cac lo dugc dat trong may diéu nhiét tuin
hoan nhu hinh 5.

Hinh 5. May diéu nhiét tudn hoan

(ISSN: 1859 - 4557)

May diéu nhiét tudn hoan cho phép giit su
chénh 1éch nhiét do cua chit mang nhiét
trong toan by dung tich cia thung chua
khoéng qué 0.1°C, dam bao diéu kién gia
hoa gidng nhau cua cic miu cach dién
gidy trong tat ca cac lo. Dau chan khong
nhdn BM-5 duoc dung lam chit mang
nhiét.

Sau cac khoang thoi gian (3, 7, 11,..., 44
ngay dém) tir khi bat dau thi nghiém timg
lo v&i cac ham lugng do 4m khéac nhau
dugc lay ra khoi mdy diéu nhiét tudn
hoan. Lo thi nghiém dugc gitt ¢ nhiét do
phong 10 ngay, sau d6 1dy mau gidy cach
dién day cap va dau bién 4p. Bac polyme
hoa cua gidy cach dién day cap duoc xéac
dinh bang phuong phap do do nhét twong
ung phuong phép da trinh bay ¢ [2].

4. KET QUA THi NGHIEM

Trén hinh 6-8 biéu dién cac két qua thu
dugc. Nhan thiy rang, tir ngdy thir 3 sau
khi bat dau thi nghiém methanol da dugc
ghi nhan & tat ca céac lo thi nghiém. Trong
d6 ndng d6 methanol thip nhat dugc ghi
nhan & mau gidy cach dién day cap d6 am
0.5% va bang 89 ppb. Luu y rang, & ndng
d6 methanol d6 bac polyme héa cia gidy
cach dién day cap giam tu 1270 don vi
xuéng con 1050 don vi, cho phép két luan
rang, & giai doan dau cua gia hoa gidy
cach dién day cap voi sy giam khong
nhiéu ciia bac polyme héa mét lwong nho
methanol sinh ra da dugc ghi nhan mot
cach tin cdy boi hé thong thiét bi do phan
tich. Két luan nay cho phép xac dinh viéc
bat dau gia hoa cach dién gidy theo ham
lwong methanol trong dau bién ép.
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Néng do methanol, ppb
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Théi gian gia hoa, ngay dém
* Néng 5 methanol ® Béc polyme hoa

Hinh 6. Sw phu thudéc ndng d6é methanol
va béc polyme héa vao théi gian
dbi véi gidy c6 do am ban dau 0.5%
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Hinh 7. Sy phu thuéc néng dé methanol
va bac polyme héa vao th&i gian
déi véi gidy c6 do6 4m ban dau 1%
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Hinh 8. Sw phu thudéc ndng dé methanol
va bac polyme héa vao thoi gian
déi véi gidy c6 do 4m ban dau 2%

Tir cac sy phu thudc da trinh bay, do am
ban dau ciia gidy cach dién day cap thuc
sy anh huong dén toc do gia hoa, dung
nhu dir liéu dugc cong bd trong [1, 6].
Luu y rang, trong diéu kién thuc té tién
hanh thi nghiém gia héa nhanh (44 ngay
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dém) bac polyme hoa gidy cach dién day
cap giam tdi gid tri t&i han cho phép (250
don vi [7]) chi dugc ghi nhan trén cac
mau cach dién gidy voi do 4m 2%, trong
khi véi cach dién gidy d6 am 0.5% trong
cung diéu kién thi nghiém bac polyme
héa giam chi dén 780 don vi, nghia 1a it
hon 50% so véi gia tri ban dau.

Dang cht ¥ 12 khi bit dau thi nghiém, qua
trinh gia hoa gidy cach dién day cap dién
ra tuong ddi nhanh. Vi du, v6i ham luong
do6 am 2% trong 9 ngdy dau thi nghiém
bac polyme hoa dd giam khoang 2.7 lan
(tir 1272 xubng 474 don vi), trong khi 25
ngay tiép theo - chi giam 1.9 1an (tir 474
dén 244 don vi). Tinh trang tuong tu ciing
duoc nhan théy voi céc gid tri ham lugng
do am khéc.

Trén hinh 9 biéu dién su phu thudc néng
d6 methanol trong dau bién ap vao bac
polyme hoa ctia cach dién gidy thu dugc
b1 cac tac gia cua bai bao nay va dugc
cong bd trong cac tai liéu nudc ngoai
[4, 5].

* Theo dif litu thire nghigm
© Theo tai hiéu [4]
® Theo tai lidu [3] e 2500

__ Némgdéppb

Hinh 9. Sy phu thuéc ndng doé methanol
vao bac polyme héa

Nhan théy, trong dd thi, cac quan h¢ phu
thudc trén c6 dang duong thang. Nhu vay,
céc nhin dau va cach dién gidy khong anh

6
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hudng dén tinh chét quan hé phu thudc
ciia néng d6 methanol vao bic polyme
hoa. Su khéac biét vé gia tri tuyét d6i ndng
d6 methanol hoa tan trong dau bién 4p thu
duogc tai cung 1 gid tri bac polyme cach
dién gidy c6 thé duoc giai thich bang cac
ly do sau:

a. Céc thi nghiém gia hoa nhanh céach dién
giéy duogc thyc hién véi cac lo thi nghiém
c6 thiét ké khac nhau.

b. Cac nhdn hiéu cach dién gidy va dau
bién ap dung cho thi nghiém khéc nhau.

c. Ty 1& khdi luong cach dién gidy va dau
bién 4p dung cho cac thi nghiém khac
nhau.

5. KET LUAN

a. Sy hinh thanh methanol khi gia hoa
nhanh cach dién gidy san xuat trong nudc
da dugc nghién ctru.

(ISSN: 1859 - 4557)

b. Nghién ctru da chi ra methanol dugc
sinh ra tham chi ngay khi bac polyme hoa
giam mot mirc khong nhiéu, cho phép sur
dung céc két qua do luong methanol trong
dau MBA dé danh gia tinh trang cach dién
gidy khi phan huy & cac giai doan khac
nhau.

C. Sau nghién cuu da thu duogc su phu
thudc ndng do methanol trong dau bién ap
nhan 'K vao bac polyme hda cach dién
gidy san xuit ndi dia.

d. Su phu thudc ndng d6 methanol vao
bac polyme hoa cua cach dién gidy co
dang duong th:fmg, ddi véi ca vat liéu san
Xut trong nudc va nudc ngoai.

Sy phu thudc thu duoc ndy co thé duoc
diung lam co so khi danh gia tinh trang
cach dién gidy MBA theo két qua do nong
d6 methanol trong dau bién ap.

(1]

(2]

(3]

(4]

(5]
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