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HIEN TUONG LAO HOA DANG "CAY NU'O'C" TRONG VAT LIEU
CACH DIEN POLYME: NHO'NG BAC DIEM NHAN DANG VA
PHUONG PHAP TAO "CAY NUO'C" TRONG PHONG THi NGHIEM

NGUYEN DINH THANG, VU THANH HAI
1. MO DPAU

Lo hoa dugc hiéu nhu 1a sy bién d6i tinh chat vat liéu theo thoi gian, dudi tac dong cua
mbi truong: nhiét 4o, dd am, anh sang, tia tr ngoai, oxy,... Polyme noi chung va polyethylene
(PE) néi riéng 1a nhitng vat liéu cach dién quan trong nhat duoc str dung lam 16p vé cach dién
trong cong nghiép ché tao cap dién luc va cac thiét bi dién khac. Chiing c6 do ton hao cach dién
tgd thap va do bén cach dién cao. Kinh nghiém van hanh thyc té va cac thi nghiém dai han trén
cac mo6 hinh cia cap dién luc chén ngdm dudi dat cho thidy mot hién tuong rat quan trong la
nede khi két hop voi mot s6 yéu té vé méi trieong xung quanh sé cé tac ddng xdu téi cdc vit liéu
cach dién cia cdp hec thue nhom polyolefine nhw PE va XLPE. Néu nhu str dung phuwong phap
nhuém mau ding cach ta co thé quan sat thiy nhiing cu tric dang cdy (tree-like structures) &
trong 16p cach dién PE hoidc XLPE cua cap dang van hanh. Nhitng cau trac ndy xudt phat tir
nhing chd khuyét tat rat nho ctia cach dién va phat trién theo hudng cua dién truong. Hién tuong
rat pho bién nay dugc goi 1a cdy nwdc (water treeing) va no khac vé ban chét vé6i cdy dién
(electrical treeing) do ion hoa: Hién tuong cdy nu6e nay gin lién v6i moi truong ma cap van
hanh lam suy yéu cach dién polymer cua cap tién téi giai doan ld0 hoa, cac cay dién s& duoc
hinh thanh giy danh thing cach dién. Hién tugng 1o héa XLPE kiéu cay nudc lan dau tién duoc
Myashita (Nhat Ban) [1] phat hién ra nam 1969. Trong gin 35 niam nghién ctru hién tuong nay da
co rat nhiéu gia thuyét vé co ché phat sinh - phat trién dugc dua ra, nhung cho t6i tn ngay nay
van con nhiéu mau thuin, chua rd rang trong li thuyét vé co ché phat sinh va phat trién cuia cay
nude do diéu kién phét sinh ching rat da dang.

Viée nghién ctru co ché phat sinh va phat trién ctia ciy nudc ciing nhu nghién ctru phuong
phap han ché tdc d6 phat trién cua chung trong cach dién polymer cua cap di¢n luc c6 y nghia
quan trong ddi voi cac nha san xudt cap va cac cong ty dién lyc.

Bai bao niy s& md dau cho mot chudi cac bai viét phan tich cac két qua nghién ciru vé dang
130 hoa cay nudc do yéu to moi trudng & vat liéu cach dién PE, polyethylene mat do thip
(LDPE), polyethylene lién két ngang (XLPE) cho cép luc trung ap. Trong bai bao s& dua ra cac
dinh nghia, nhan dang cta "cdy nudc", phan tich cic thanh qua nghién ctru trén thé gidi vé co
ché 1o hoa do hién tugng cdy nudc ¢ vat ligu cach dién bing polymer n6i chung va XLPE noi
riéng cho t61 thot diém hién tai va nhitng van dé con ton tai can giai quyét. Phuong phap tao
mau bi 3o hdéa dang "cay nudc" trong phong thi nghiém do tac gia &p dung trong nghién ctru da
cho nhing két qua t6t 1am co s¢ dé phan tich vé sy 130 hoa cia cac polyme.

IL. NGHIEN CUU VE HIEN TUQNG LAO HOA DANG "CAY NUGC" TRONG VAT
LIEU CACH PIEN POLYME

Co ché phat sinh phat trién cta ciy nudc cho téi hién nay van chua c6 duoc mot 1i thuyét
nhat quan dé giai thich mot cach ro rang. Sy phat trién cta cdy nudc bi anh hudng ctia rat nhicu
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yéu t6 moi truong ngodi nudc va dién truong, va qué trinh nay thuong 1a phét trién trong mot
thoi gian rat dai; do vay, viéc nghién ctru hién tuong 130 hoa dang cdy nudc & cach dién XLPE
cta cap luc la rat kho va doi hdi thoi gian dai.

Mot dinh nghia c6 tinh tong hop [2] vé hién tuong ldo hoa dang cay nuoc co thé phét biéu nhu
sau: nhimg cdy nudc 1a cau tric 130 hoa trong polyme c6 nhiing tinh chét:

- Chiing ¢6 tinh vinh ctru, mot khi d3 ton tai thi s& khong bi bién mét di trong moi trudng hop.
- Cay nudc phat trién dugc trong polyme it nhat 1a do d6 4m va truong dién.

- Khi trong trang thai uét, ching c6 do bén cach dién thap hon polyme khong bi 1o hoa, nhung
nhiing cay nudc khong phai 1a 16p cach dién bi pha huy cuc bd va cling khong phai 1a duong ngan
mach (short-circuit path).

- Nhiing cay nudc c¢6 do thim nudce (hydrophilic) cao hon polyme khong bi 130 hod.
Nhitng cu trac "ciy nude" nay cé nhitng dic diém "nhan dang" sau:

- Tinh vinh cieu va tham nuwéc: Nhing cdy nudc ton tai vinh ctru trong 16p cach dién
polyme. Ching c6 thé dugc lam kho di, nhung khi dat vao mdi truong dt do am udt, nhiing cay
nudc s€ xuat hién tro lai. Qua trinh [am kho va cho udt tro lai nay co6 thé lap di 1ap lai nhicu lan.

- Kha néng c6 thé nhuém mau: Vi cdy nudc sau khi 1am kho s& rat kho phat hién trong
XLPE, viéc nhugm mau cho cay nude di duge tién hanh tir rat sém, gan nhu ngay sau khi cac
nha nghién ctru phat hién ra hién twong ciy nuée. Tir d6 dén nay, dd co rat nhiéu phuong phap
nhudém mau duoc phat trién va st dung. Hién tai, phuong phép tiéu chudn dé nhudém mau ciy nudc
d3 dugce t6 chirc CIGRE dua ra voi viéc st dung chét nhudm la Methylene Blue (thuéc tim).

- Ham lugng nude chira trong ciy nude: Do qué trinh 130 hoa ty nhién, nude s& khuéch tan vao
polyme véi mét lugng nhit dinh trong diéu kién co6 hodc khong cé cac vat thAm nudc trong do.
Chang han, ham lugng nudc trong PE vio khoang 100 ppm tai dai nhiét do méi trudng tir 20°C dén
50°C khi PE & trong trang thai can bang (equilibrium state); ham lugng nuéc trong vo cach dién
XLPE cua cap luc vao khoang 200 ppm. Ham luong nudc trong cac cay nudc so voi ham lugng
nudc trong PE s& cao hon khoang 100 1an. Chu yéu chiing t6n tai duéi dang long trong céc 16 cay
nuéc.

- C4c 16 rong, kénh va duong din: Theo cic nha nghién ctru [3], ciy nudc bao gdm ca 16 rdng,
kénh va duong dan tuy thudc vao cau tric vat liéu polyme va moi truong lam sinh ra ching,

Cic dic tinh dién méi ciia cAy nwéc: Trong trang thai u6t cach dién c6 hing sé dién méi &,
16n hon; tgd c6 xu hudng ting & nhitng ciy nude mic du khong thé coi cdy nuéce nhu 14 kénh dan
dién. Chang han, polyethylene (PE) ¢6 tgd vio khoang 0,0005, trong khi tgd cta cdy nudc trong PE
¢ gia tri vao khoang 0,002.

O céch dién bang polyme c6 nhiéu cay nudc trong trang thai uot, do bén cach dién s& giam
st nhiéu va 10 s& phu thugc vao sy phat trién ctia cay nudc. Mic du vay, cay nudc khong phai
la duong ngan mach, né van con giit duoc tinh chét cach dién & mot mirc d6 nhét dinh duoc thé
hién qua gié tri tgd khong lon (tgd cay nudce = 0,002) ¢ dién ap van hanh.

Hién tai, quan diém phd bién nhat vé mo hinh phat trién cta ldo hoa dang cy nudc 1a phan
1ap cac mo hinh ra lam 3 dang chinh do chwa tim ra dugc co ché nhit quan vé sy phat trién ciia
cay nudc. B6 1a cac mod hinh dién, hoéa hoc va co hoc.

Xét vé ciu tao va hinh dang ctia cdy nudc co thé chia lam hai dang chinh: dang 15 thong

93



(vented trees) phat trién tir 16p ban dan trong cép va dang hinh cai no (bow-tie trees) phat trién
tir nhimg bot khong khi khuy€t tat trong 16p cach dién polyme cta cap hodc nhimg cho khuyét
tat do cong ngh¢ ché tao cap.

Hién tuong lio hod dang
“Cay nudcé

Chon mo hinh

M6 hinh dién M6 hinh héa
Dien chuyén Qué trinh xuyen Oxy hod rj Nhiém bin ion
Gia nhiét dién Thim thédu- Thdm thiu Siéu bdo hoa,
moi dién ngung tu nudc

Phéng dién cuc bo, Bio
dien tir
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Hinh 1. Cac mé hinh phat trién lao héa dang cay nudc

L6 khuyét tat

S 7l
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Lép bdn ddn boc 16i dan dién
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Hinh 2. Cac dang cay nudc phat sinh trong 16p cach di¢n polyme cap dién luc

IIL. PHUONG PHAP TAO MAU LAO HOA DANG CAY NUGC
TRONG PHONG THi NGHIEM

Lao hoa dang cay nudc trong 16p cach dién polyme cép dién luc do anh huong moi truong
va truong dién tir 1A mot dang 130 hoa cé qua trinh phat trién cham. Nhu cac nghién ciru™ da chi
ra, dé c6 mau 1ao hoa dang cay nudce lay tir 16p cach dién cap dién luc dang van hanh thi thoi
gian vén hanh can thiét phai tir mudi nim tro 1én. Trong cdng tac nghién ctru, mét trong nhimng
yéu to quyét dinh 13 thoi gian thi nghiém dé cubi cuing dua ra két qua va cac nhan dinh, d4nh gia.
Vi vay, da co nhleu phuong phap tao mau lao hoa dang céy nudc trong phong thi nghiém dugce
dé xuét trong sudt hon 35 nim nghién ctru hién tugng nay nham rat ngan thoi gian hinh thanh
cdy nudc trong cach dién polyme. Nhitng phuong phap d6 goi chung la phuong phap tao mau
130 hoéa kiéu tang tbc (accelerated experiment). Theo phuong phap nay, mau cap hoac mau vat
liéu polyme duoc dua vao méi truong khic nghiét nhu dién ap cao, tan s6 cao, nhiét do va 6 am
cao va cho tiép xuc truc tiép v6i cac dung dich hoa chat nhu mubi nhim day nhanh qué trinh
hinh thanh va phat trién cdy nudc, tir d6 quan sat va phan tich cc théng sé cua ching. Phuong
phap nay duoc loi vé mit thoi gian va cho phép cac nha nghién ctru thu thap duge cac miu cay
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nudc da dang phuc vu cong tac nghién ciru.

Trong nghién ciru, tac gia va cac cong su da tiép can phuwong phap ting toc va dé xudt mot
hudng méi trong viéc tao mau ldo hoa dang cdy nudc trong 16p cach dién polyme cua cap dién
luc véi mong mudn nghién ctru, phan tich dang thu hinh, cac dic tinh dién moi, dong ro ciia
cach dién polyme bi 130 hoa. Do 1a phuong phap tao mau ldo hoa cay nudc dang 16 théng xuyén
thau (penetrated vented water treeing) [4]. Vi phuong phap nay, cac "cay nudc" dugc tao ra s&
xuyén hét chidu day cua 16p mang polyme (LDPE hoic XLPE) dugc ding lam cach dién cho
cap luc. Quy trinh dugc thyc hién nhu sau:

- Vit liéu sir dung: mang polyethylene mat do thip (LDPE: low density polyethylene) co
cic d6 day khic nhau tir 40 dén 100 pum, mau polyethylene voi lién két ngang (XLPE:
crosslinked polyethylene) c6 d6 day 100 pm.

- Xur li mAu vat va sap dat thiét bi thi nghiém: Cac tim mang polyme duoc cit thanh cic mau
thir nghiém hinh vudng véi cac kich thudce da dang (40 mm x 40 mm; 60 mm X 60 mm,...). Sau khi
lam sach, mau dugc danh rap nhe bé mit bing gidy rap c& #1500. Dé tao ra dién trudng cao va tao
mdi truong tac dong vao mau thir nghiém (m6 phong qua trinh ldo hoa cach dién cap luc dang van
hanh chén ngadm trong long dat), mau dugc cho tiép xtc truc tiép véi dung dich mubi bdo hoa NaCl
hoac FeSQO, trong khi chiu tdc dong cua dién ap cao (1 — 3 kV) trong thoi gian tir 24 gio téi 168 gio
(1 tuan). Dé thyc hién qua trinh ndy, nhom tac gia da su dung hé dién cuc dung dich mubi - ban kim
loai v&i mau thir kep & giita bang epoxy nhu hinh 3.
< Piencyendivéinguén AC
C6c mica khong ddy

ung dich mu6i NaCl hoac FeSO4

\\i\

4u thit XLPE

L6p dém bang gidy nhom

Ban kim loai (d6ng, sit...)

Hinh 3. So dd nguyén li thir nghiém l3o hoa ting toc str dung hé dién cuc dung dich mudi — ban kim loai

Dé tao "cay nudc" dang 16 thong binh thuong (vented water trees), mau thir 14 mang polyme
nhu da mo ta ¢ trén va chi c6 mét 16p duy nhét. Con dé tao ra mau 3o hoa véi cdy nuée dang 16
thong xuyén thau, mau thir s& bao gom 2 lop mang polyme dugc dat dudi hé thong dién cuc. Sau do,
mau vat duge dua vao mach thir nghiém v6i nguon dién ap cao (1 - 3 kV) tan s6 50 Hz trong nhiing
khoang thoi gian khac nhau tir 24 gi¢ téi 1 tuan (7 ngay) dé phat sinh cy nudc.

1:100
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bién tro nude
Cdl dong
Ro-le thoi gian -
Mau thir va hé
thong dién cuc
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Thoi gian  : 24 gio - 1tudn _

Hinh 4. So d nguyén i thir nghiém do 130 hoa dang cay nude
Sau khi két thuc thi nghiém, véi muc dich hién hinh dang ciy nuéc khi cho quan sat trén kinh
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hién vi, cac miu lio hoa dugc dua vao ngdm trong dung dich thude tim véi 10% amoniac trong vong
24 gio [5]. Déi voi thi nghlem tao mau cdy nudc dang xuyén thau, chi lay 16p phia trén, noi c6 tiép
xuc v6i dung dich mudi va cling 13 noi xuat hién cac ciy nude dang xuyén thau. Nhitng miu l3o hoa
ndy s& dugc st dung cho cac phan tich, thir nghiém vé ldo héa dang ciy nudc nhu: thi nghiém vé
hién tuwong phat nhiét, cac thi nghiém vé do dong 10, cac dac tinh dién moi, cac thi nghiém vé do bén
cach dién ctia mau bi 130 hoa v.v. ..

IV. KET QUA QUAN SAT MAU LAO HOA DANG CAY NUOC

Mau vét sau khi duoc xtr 1i s& dugc tién hanh quan sat trén kinh hién vi d& phan tich cac
théng sb ciia ciy nude nhu: mét do cay nudce phat trién trong mau, hinh dang va chiéu dai ciy nudc.

Str dung phuong phap ting toc nhu dd mé ta & trén tai phong thi nghiém cao ap va hiéu tng
cac dién truong cao tai truong Pai hoc Khoa hoc K¥ thuat Toyohashi, Nhat Ban da thu duoc bo
dir liéu mau 3o hoa dang cay nudc trén vat liéu polyme dung cho cach dién cap dién lyc.

Qua quan sat trén kinh hién vi mau LDPE c6 dd day 100 pm, cay nudc c6 do dai dai nhét
vao khoang 40 pm, phan 16n cac ciy nudc c6 do dai trung binh tir 10 - 20 pm.
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Hinh 5. Cay nudc trén lat cit LDPE dugc Do dai cay nuoc (um)
nhu¢m mau bang thuoc tim

Manl NPF

Hinh 6. D6 thi phan b do dai cay nudc

Dé phan tich vé& do dai cdy nude ton tai trong miu, cac tac gia dd phan tich 2 miu thir 1a
mang LDPE va XLPE c6 d6 day 500 pm dé qua qua trinh 3o hoa, do qua kinh hién vi s6 luong
va do dai cay nudc va xay dyng duong phén bb do dai cua céc cdy nude quan sat duge (hinh 6).
Cac duong phan bd cho thay déc tinh v& sy phat trién ciia cdy nudc tai cic mau thu 1a giong
nhau; ching chi khac nhau vé s6 luwong va chiéu dai cac cdy nudc co trong ting mau do mau
khac nhau vé cdu trac hoa hoc. Hinh dang cua ciy nuée dang xuyén thiu duoc quan sat qua kinh
hién vi va thé hi¢n trén hinh 7.

Hinh 7. Hinh dang ciy nuéc dang xuyén thdu trong 16p mang LDPE
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V. NHAN XET CHUNG VA KET LUAN

Hién nay trén ludi dién trung ap, viée sir dung cap ngam da tré nén phd bién. Kha ning tai cia
cap phu thudc vao suét nhiét tré' ciia moi truong le'ip dat, nhi¢t d6 mdi truong xung quanh, d¢ chon
sau cap, khoang cach lap dit giita cac cap. Hay néi cach khac 1a trong cong tac quy hoach thiét ké
ludi dién stir dung cap ngém viéc xac dinh o cac diéu kién moi truong, khi hau; cac thong s6 ki thuat
nhu dién tré nhiét ctua vat liéu lép ranh cap, cach thirc 1ép dat cap dién s¢ quyét dinh dén viéc van
hanh an toan 6n dinh va quyét dinh tudi tho ctia cap.

Déi v6i cap dién luc cach dién polyme, nguyén nhan ciia mot sb su ¢b dudng cap 1a do hiu
qué ctia qué trinh 130 hoa véi co ché chinh 13 hién tuong lao hoa dang céy nude do tac dong cua moi
treong. Qua mot thoi gian van hanh, nhiing cay nudce ton tai trong cach dién cap luc phat trién thanh
nhitng kénh dai, c6 khi ndi hét ca bé day cach dién. Vi c6 nhimng cay nudc nhu vay cho nén do bén
cach dién cua 16p cach dién polyme bi suy giam 16 rét, khi c6 xung dién ap tac dong thi xac xudt
danh thing cach dién tai nhing khu vic c6 cAy nudc 1a rat cao. C6 thé nhan dinh rang lo héa dang
cdy nudc phat trién manh trong diéu kién khi hau nong 4m va mura nhiéu cta Viét Nam; vi vay, viéc
nghién ctru hién twong nay 1a mot viée can thiét nhdm muc dich cudi cing 1a dwa ra nhiing bién phap
ngin ngira hitu hidu qué trinh 3o hoa do ciy nude trong van hanh cac tuyén cap ciing nhu trong qua
trinh san xudt cap lyc.

Cac hudng nghién ciru tiép theo s& 1a mot s6 ndi dung chinh sau:
- Hién tugng phat nhiét trong mau thir nghiém va do dong rod trong mau.
- D6 bén cach dién ciia mau ldo hoa phu thu¢c theo do 4m moi trudong xung quanh.
- Anh huéng ciia cac chat don trong ciu triic hoa hoc polyme 1én d6 ldo héa dang ciy nude cia
vat li€u.

Trén co s¢ ket qua nghién cuu, d¢ xuat nhitng cai tien, doi madi ve mat cong nghé san xuat cap
luc lién quan tdi cach dién polyme nham tang kha néng chiu tic dong cua mdi truong van hanh.

Loi cdm on. Céac tac gid xin bay t6 sw biét on clia minh t&i GS.TS. Nagao Masayuki va GS.TS.
Hozumi Naohiro - Trwdng Dai hoc Khoa hoc Ky thuat Toyohashi, Nhat Ban da tan tinh gidp d& va
tao diéu kién dé thwc hién mot sé thi nghiém vé sw hinh thanh cay nuwéc, yéu td quan trong anh
hwéng dén tudi tho ctia cach dién XLPE.
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SUMMARY

WATER TREEING PHENOMENON IN POLYMERIC INSULATION MATERIAL FOR
POWER CABLE: CHARACTERISTICS AND METHOD OF PREPARING AGING SAMPLE
IN LABORATORY

This paper describes the water treeing phenomenon in polymeric insulation layer of power
cable. This aging process is a complex phenomenon involving several processes with many
synergistic effects. Although a huge number of studies on the subject have been conducted over
the last 35 years, there is no comprehensive theory able to describe the mechanism of water
treeing phenomenon. In fact, water treeing is likely to be a mixture of electrical, mechanical and
chemical processes. In order to investigate water treeing phenomenon, the method of preparing
aging samples with penetrated vented water trees in laboratory was developed. The shape,
configuration and length of water trees in those aging samples were analyzed.

Key Words: Vented Water Tree, Penetrated Water Tree, Low Density Polyethylene, Crosslinked
Polyethylene
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