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Abstract: This article presents the effects of toluene diisocyanate (TDI) on electrical properties of
ester epoxy alkyd varnish. Through testing on breakdown voltage, dielectric constant, block
resistivity, Tang (Tg) dielectric loss, the electrical properties of varnish were investigated. When
TDI amount increased from to 4 - 10 (w/100w of epoxy resin), the breakdown voltage increased
from 21.78 to 65.69 KV/mm. With TDI of 8 - 10 w/w, the dielectric constant was the best, about
2.78 - 3.02. With TDI of 8 w/w, the block resistivity was 6.8.10** Q.cm and T, dielectric loss was
0.0069. The article also presents the effect of TDI on solvent- and heat resistance of the varnish.
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Nghién ctu anh huong cua chat dong ran TDI dén
mot so tinh chat cua vecny este epoxy alkyd
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Nhan ngay 30 thang 7 nam 2019
Chinh stra ngay 05 thadng 8 nam 2020; Chéap nhan dang ngay 22 thang 11 nam 2020

Tom tit: Bai bao trinh bay két qua nghién ciru anh huéng cua chit dong ran toluen diisoxyanat
(TDI) dén tinh chét dién cua vecny este epoxy alkyd. Thong qua viéc kiém tra dién 4p danh thung,
hang s6 dién moi, dién tro suat khdi, Tang (Tg) goc tén hao dién méi, tinh chat dién cia mang son
dugc khao sat. Khi ham lugng TDI tang tir 4- 10 phan khéi lugng, dién ap danh thung tang tir 21,78
Ién 65, 69 KV/mm. Véi ham lugng TDI tir 8- 10 phan khéi lugng, s& ¢6 hang s6 dién méi khoang
2,78-3,02. V4i ham lugng TDI 8 phan khéi lugng dién tre sudt khéi 12 6,8.101 Q.cm va Tg géc ton
hao dién moi 12 0,0069. Bén canh do, bai bao ciing gidi thiéu két qua nghién ciru anh huong cua chat
dong rdn TDI dén d6 bén moi truong hoa chat, ¢o bén nhiét ciia mang vecny este epoxy alkyd.

Tirkhoa: Vecny este epoxy alkyd, tinh chat dién, d6 bén dung méi, do bén nhiét.

1. Mé dau

Nhua epoxy la loai nhya nhiét ran duoc st
dung rdng rii trong ché tao mang phu va keo dan
do c6 kha ning bam dinh t6t 1én nhiéu loai nén
khac nhau,. . [1]. Mang phu tir nhya epoxy ¢6
kha ning ch1u am va mu mudi rat tot, co kha
nang chiu dung moi va hoa chat trong thoi gian
dai. Tinh chat dién cta epoxy trong mdi truong
am 95-100% la 6n dinh & dai nhiét o dén 150°C
[2,3]. Cac loi thé nay da dua epoxy 1én hang dau
nhing polyme duoc sir dung nhiéu trong k¥ thuat
dién — dién tir [3]. Nhuoc diém cta nhua epoxy
1a gion, diéu nay co thé giai quyét bang cach sir
dung cac chét hoa déo, hodc chon chét dong ran
thich hop hodc bién tinh véi nhua alkyd, cao su,
thiokol, oligome acrylate, ... [4-8]. Mot sb tac gia
da sir dung epoxy dugc hoéa déo bang cach bién
tinh v6i nhua alkyd (este hoa nhya epoxy bang
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nhua alkyd) dé 1am son va khao sat thoi gian kho
clia mang vecny, do cung, do bong, do bén ubn,
kha nang chiu nhiét,.. .[9]. Do vecny este epoxy
alkyd két hop duogc nhiing uu diém cua nhya
epoxy nhu bam dinh tot, bén méi trudng dung
mdi, cach dién cao,... va d6 mém déo cua nhya
alkyd, két qua nghién ctru nhim dénh gia kha
nang st dung vecny nay cho cac chi tiét, linh
kién dién tir trong mot s6 moi truong hoa chat.
Bal bao nay trinh bay anh huong cua ty 1€ dong
ran toluen diisoxyanat (TDI) dén dién 4p danh
thiing, hang s6 dién moi, dién tro suat khéi, Tang
(Tg) goc ton hao dién moi ciia vecny este epoxy
alkyd. Bén canh d6, bai bao ciing dua ra két qua
khao sat anh hudng cua ty 1& chat dong rin TDI
dén do bén trong moi trudng xing, diu nhon,
axit clohydric, mudi an va khao sat do bén nhiét
ctia mang veny este epoxy alkyd.
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2. Thuc nghiém
2.1. Nguyén liéu va hoa chat

- Nhua este epoxy alkyd mac E-30 (Nga),
ham ran 60%, ham luong nhom epoxy 13- 15.

- Chat déng rian TDI, tén thuong mai
Desmodur L75 cua hang Bayer (btic), dung dich
75% toluen-2,4-diisoxyanat (TDI) trong dung
moi etyl acxetat, ham lugng nhdm NCO: 13,3 va
ty trong 1,17.

- Axeton, chét hda déo Dioctyl Phtalat (DOP),
xylen, butyl axetat: cong nghiép (Trung Qudc).
2.2. Ché tao mau

- Chuan bi nguyén ligu.

- Can nguyén liéu theo don nghién ctru. Hoa
tan este epoxy alkyd trong hén hop dung mai
axeton, xylen, butyl axetat ¢ ham rin dat 30 %,
b6 sung 3% chat héa déo DOP.

- R6t chat dong ran TDI vao dung dich vecny
este epoxy alkyd theo ty I¢ da tinh toan trudc.
Khudy déu mau vecny di pha déng ran va gia
cdng mau (tiéu chuan TCVN 2090:2007) trén
tam dong kich thuéc 100x100x1mm dé kiém tra
tinh chat dién, d6 bén madi truedng hda chat.

2.3. Phuong phap thir nghiém danh gia

- Dién tror suat khdi duge do trén thiét bi
R8340A hang ADVANTEST (Nhat Ban) xac
dinh theo TCVN 7918:2008.

- Pién ap danh thung duoc do trén thiét bi
TOS9021 hdng KIKUSUI (Nhat Ban) xac dinh
theo TCVN 9630-1:2013.

- Ty goc ton hao dién mdi, hang sé dién moi
dugc do trén thiét bi do thong s dién moi
Quadtech 7600 (My). Tg géc t6n hao dién méi,
hang sb dién moi xdc dinh theo TCVN 9890-
2:2013 véi tan sé 108 Hz. Céc tinh dién duoc do
tai Tong cuc Tiéu chuan- Po ludng chat lugng.

- D6 bén nhiét: Phan tich nhiét khdi lugng
(TGA) dugc thyc hién trén thiét bi NETZSCH
TG 209F1 LIBRA tai Vién Ky thuat nhiét doi-
Vién Han lam Khoa hoc va Céng nghé Viét
Nam. Piéu kién do trong khi nito véi téc d6 nang
nhiét 10°C/phut tir nhiét d6 phong dén 600°C.

- Thir nghiém su thay d6i khéi luong cua
mang vecny trong moi truong xang A9S5, thi
nghiém kha ning chiu méi truong héa chat cua

mang vecny theo tiéu chuan TCVN 10517-
1:2014 & diéu kién nhiét do (23 £ 2)°C va d6 am
tuong ddi (50 + 5)% tai Vién Cong nghé- Tong
cuc Cong nghiép Québc phong.

3. Két qua va thao luan

3.1. Nghién ciru anh huong cua ham lwong TDI
déen tinh chat dién cua mang vecny

3.1.1. Nghién cuu danh huong cua ham luwong
TDI dén dién dp danh thung ciia mang vecny

D¢ nghién ciru anh hudng ciia ham lugng
TDI dén dién ap danh thing ciia mang vecny trén
co s& nhua este epoxy alkyd (EEP), cac mau
vecny duge ché tao véi ham lugng TDI 4; 6; 8;
10; 12 phan khéi lwong (PKL). Cac mau vecny
sau khi ché tao dugc gia cong trén cac tim mau
dong tiéu chuan. Két qua nghién ctru duoc thé
hién trong Bang 1.

Béng 1. Anh hudng ciia ham lwgng TDI dén dién ap
danh thing mang vecny

Ty 1€ vecn L ]
Tén mau EEP}}TDI (P }zL) bién alfv(f}anh thiing
EEP TDI (kV/mm)

M1 100 4 21,78
M2 100 6 23,05
M3 100 8 39,76
M4 100 10 65,69
M5 | 100 12 56,64

Tir Bang 1 nhan thay, ting lugng chat dong
ran TDI thi dién 4p danh thung ting 1én. Vi ham
luong TDI tir 4 dén 10 PKL thi dién ap danh
thing tang tir 21,78 1én dén 65,69 kV/mm, tuy
nhién, tiép tuc ting ham lugng TDI thi gia tri nay
lai giam xudng. Piéu nay duoc giai thich, dién
4p danh thung 12 qua trinh ting s6 lugng electron
trong chat dién moi dudi anh huong cua dién
truong manh. Cac qua trinh nay gdom: Sy ion hod
do va dap electron 1&€n nguyén tir hodc ion trong
mang ludi, sy tu phat xa electron tir catot, tinh
déng nhit cta vat liéu hinh dang cta dién
treong,... [10]. Khi ham lwong TDI vuot 10
PKL, lwong chit dong ran TDI bi du, dan t6i cac
nhom chic NCO tuy do, nhém chiic phan cuc
trong vat liéu xuét hién v6i mat do cao hon lam
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cho vat liéu dé bi ion hoa dudi dién trudng manh,
dan t6i dién &p danh thing giam xudng.

3.1.2. Nghién cvuu anh huong ciua ham luwong
TDI dén hang so dién méi cua mang vecny

Mot trong nhitng thong sé danh gia tinh chat
dién 1a gia tri hang s6 dién mdi, nhitng chat c6
gid tri hang s6 dién mdi nho s& cho gia tri cach
dién tot. Cac miu vecny duoc khao sat 1a M1,
M2, M3, M4, M5 ¢4 ty I¢ thanh phan nhu dé cap
& Bang 1. Két qua nghién ciru dugc thé hién
trong Bang 2.

Bang 2. Anh huong cua ham lugng TDI dén
hang s6 dién mdi ctia mang vecny

TT Tén mau Hing s6 dién moi
1 M1 4,32

2 M2 3,45

3 M3 3,02

4 M4 2,78

5 M5 3,64

Két qua Bang 2 cho thay, khi tang ham luong
TDI tu 4- 10 PKL thi hang sé dién méi giam dan
tir 4,32 xuéng dén 2,78. Tuy nhién, khi ham
lwong TDI la 12 PKL thi hiang s6 tén hao dién
moi lai tang. Pidu nay dwoc giai thich, phan ung
dong ran mang vecny EEP bang TDI thong qua
nhom OH cua epoxy va nhom NCO cua TDI,
theo phan ung:

R-N=C=0 + OH—] EPOXY | —> R-NH—ﬁ—O— EPOXY
0
Véi ham lugng TDI tang tir 4— 10 PKL thi
mat do dan ludi trong vecny tang 1€n, trong thanh
phan ciu tao cia mang vecny khong con du
nhiéu cdc nhém chirc hoat héa, phan cuc nén
vecny gan nhu trung hoa vé dién nén gié tri hang
s6 dién moi giam dan. Khi tang lugng TDI Ién
dén 12 PKL, trong thanh phan vecny s& du nhom
chirc NCO dan toi vat liéu bi phan cuc 1am cho
hang sb dién moi tang 1én [10].
3.1.3. Nghién cuu anh huong cua ham lwong
TDI dén dién tré sudt khoi ciia mang vecny

Cac mau vecny duoc khao sat la M1, M2,
M3, M4, ’M5 c6 ty I¢ thanh phén nhu dé cap ¢
Bang 1. Két qua khao sat duoc thé hién trong Bang 3.

Bang 3. Anh huong cua ham lugng TDI
dén dién tro suat khoi cia mang vecny

TT | Tén mau Dién tro suat khéi (Q.cm)
1 M1 1,3.10%

2 M2 3,7.10%

3 M3 6,8.10%

4 M4 2,6.10%

5 M5 1,8.10%

Két qua Bang 3 cho thiy, khi ting ham luong
TDI thi dién tro suat khdi tang tir 1,3.10% Q.cm
d6i véi mau co 4 PKL 1én 6,8.10* Q.cm déi voi
mau sir dung 8 PKL. Tuy nhién, véi ham lugng
TDI 1a 10 PKL thi dién tr& suat khdi lai giam
xudng con 2,6.10 Q.cm. Piéu nay duoc giai
thich, dién tr& suat khdi cua mang vecny phu
thudc vao do linh dong va su c6 mit cua céac dién
tich ty do trong phan tir. Mt khéc, c4c tinh chat
dién cua mang vecny chiu anh huong 16n cua tap
chét, ham lugng am .. Bbi véi cac mau c6 ham
lwong chit dong ran TDI cao hoic thap (4, 6, 8
PKL) sau khi vecny kho trong thanh phan vén
con du cac thanh phan este epoxy alkyd (véi mau
sir dung ham lwong TDI thap) hozc du chat dong
ran TDI (v6i mau sir dung 10, 12 PKL), dong
thoi & viéc con du cac nhoém chuc tu do tang kha
nang hat am ctua mang vecny, diéu nay dan tgi
dién tro suat khi bi giam [11].

3.1.4. Nghién ciru anh hwong caa ham lugng
TDI dén Tg ciia gdc ton hao dién moi ciia mang vecny

Cac mau vecny duoc khao sat la M1, M2,
M3, M4, M5 nhu d3 dé cap & Bang 1. Két qua
khao sat dugc thé hién trong Bang 4.

Bang 4. Anh huong cua ham lugng TDI dén Tg cua
goc ton hao dién moi

TT | Ténmau Tg goc ton hao dién moi
1 M1 0,0351
2 M2 0,0092
3 M3 0,0069
4 M4 0,0078
5 M5 0,0090

Bang 4 cho thay, khi ting ham lugng TDI thi
Tg caa goc ton hao dién moi giam dan tir 0,0351
d6i véi mau M1 xubng 0,0069 ddi voi mau M3.
Tuy nhién, v6i ham lwong TDI 1 10 va 12 PKL
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thi Tg cua goc ton hao dién madi lai tang 1én. Ton
hao dién moi trén don vi thé tich vat lidu sé ty I¢
thuan véi tan sé dién trudng va Tgs, véi goc 8 1a
goc chénh léch pha gitra dién trueong trong va
ngoai vat liéu. Theo dic diém va ban chat vat ly,
dbi voi dang vat liéu vecny nghién cuu, ton hao
dién moi cha yéu 1a do phan cuc [11]. Vi cac
mau c6 ham lugng TDI tir 4, 6, 8 PKL, khi tang
ham lugng TDI thi mirc d6 dan ludi cia mang
vecny tang lén, cac nhom chuc phéan cyc giam
theo phan tg dan ludi, ddng thoi vat lidu tro nén
ddng nhat hon (¢ day c6 phan ung hoa hoc dé
lién két hai thanh phan tham gia phan tng, tao
thanh dai phan tir c6 cau tric mang khang gian).
Khi ham lugng TDI tang 1én dén 10, 12 PKL, gia
tri Tg ciia goc t6n hao dién mdi lai ting. Nguyén
nhan c6 thé 12 do ¢ ham luong nay, c6 mot lugng
TDI du trong vecny lam cho mat do nhém chirc
NCO tang, dan téi vat liéu bi ting do phan cuc,
vt liéu bj phan 16p, khong dong nhét.
3.2. Nghién cizu anh huong cia ham luwong TDI
téi do bén méi trirong hda chdt ciia mang vecny
3.2.1. Khao sat su thay doi khoi lirpng cia mang
vecny trong moi truong xdang A95

Cac mau khao sat 1a M1, M2, M3, M4, M5
nhu dé cap & Bang 1. Két qua khao sat duoc thé
hién trong Bang 5.

Bang 5. Sy thay doi khdi lwgng mau theo thoi gian

ngam trong xang A95
Thong so Phan khéi lugng
tang theo thoi gian ngam mau, %
Thoi gia M1 | M2 | M3 | M4 | M5
0 gio 0 0 0 0 0

0,5 gio 15,65 | 10,15 | 6,15 | 4,15 | 3,10
1 gio 19,58 | 11,89 | 7,89 | 589 | 3,89
2 gio 22,48 | 12,76 | 8,76 | 6,76 | 4,76
4 gio 24,16 | 13,45 | 945 | 7,45 | 4,95

8 gio 22,75 | 12,58 | 8,58 | 7,08 | 4,58

24 gio 21,46 | 12,26 | 7,90 | 6,60 | 4,26

48 gio 20,50 | 12,01 | 7,61 | 6,36 | 4,01

72 gio 20,51 | 11,85 | 7,60 | 6,05 | 3,85

96 gio 20,53 | 11,77 | 7,47 | 597 | 3,77

120 gio 20,54 | 11,78 | 7,48 | 598 | 3,78

Ket qua nghién cau cho thay, trong khoang
30 phut dau, miu co do tang khdi luong rat
nhanh. Giai doan nay, vecny bi truong néd trong
xing. Qua trinh dién ra nhanh trong khoang 04
gid dau ngdm mau. Sau khoang thoi gian 08 gid
ngdm mau c6 hién tuong giam khéi luong. Viéc
giam khdi lwong mau cé thé do este epoxy alkyd
du, cac chat thap phan tir, tap chat... bi hoa tan.
Sau khoang thoi gian ngdm mau 48 gio, khéi
lwong mau 6n dinh. Ham luong chit dong ran
TDI ting thi vecny s& bén trong dung médi xing
A95 hon. Biéu nay c6 thé duoc giai thich, khi
tang ty 18 chat dong ran thi mat do dan ludi ting
lam cho mach polyme hinh thanh céu tric khong
gian bén viing hon lam cho polyme trd nén kho,
tham chi khdng thé hoa tan, cau tric khong gian
bén vimg ciing lam cho dung méi rat kho
khuyéch tan kéo dan mach polyme dé lam ting
khéi lugng va thé tich caa polyme. Ddi véi cac
mau c6 du chat dong ran M5 thi thanh phan TDI
cling duoc tao mang khéng gian bai két véi hoi
am, thanh phan nay rat bén viing véi dung méi [12].

3.2.2. Khao sat kha nang chiu méi truong hda
chat cua mang vecny

Dé nghién danh gia kha ning st dung trong
mot s6 mdi truong khac nhau cac miu vecny
khao sat 1a M1, M2, M3, M4, M5 c6 ty 1¢ thanh
phan nhu dé cap & Bang 1. Cac khao sat kha ning
chiu méi trudng héa chat cua mang vecny duoc
tién hanh trong dau nhon Castrol Activ, axit HCI
5%, NaCl 5%. Két qua khao sat duoc trinh bay
trong Bang 6.

Bang 6. Kha nang chiu moi truong hoéa chat cia mang vecny

T Té~n . Bé mit clia mang vecny (thoi gian ngdm mau 72 gid) i
mau Do bén dau nhon (Castrol Activ) | B bén trong axit HCI 5% Do bén trong NaCl 5%
1 M1 Mang vecny bi phong rop Mang vecny bi phong rop Khoéng doi
2 M2 Khoéng doi Mang vecny bi giam do bong Khéng doi
3 M3 Khoéng doi Khong do6i Khoéng doi
4 M4 Khoéng doi Khong do6i Khoéng doi
5 M5 Khong doi Khong do6i Khoéng doi
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Két qua nghién ctru trong Bang 6 cho thiy,
cac mau vecny M3, M4, M5 c6 d6 bén cao ddi
v6i dau nhon, axit HC1 5% va NaCl 5%, diéu nay
cho thay lya chon ty 1é chat dong ran TDI phu
hop thi mang vecny tao ra c6 kha nang sir dung
dé bao vé cac chi tiét dién tir trong mot s6 moi
truong hda chat.

3.3. Nghién cuzu anh hwong cua ham luong TDI
den d¢ beén nhiét cua mang vecny

Dé nghién ctru anh huong cua ty 1¢ chat dong
ran TDI dén do bén nhiét cua mang vecny
phuong phap phéan tich nhiét trong lugng TGA
duogc thuc hién. Cac mau khao séat 1a M1, M2,
M3, M4, M5 ¢6 ty 1& thanh phan nhu dé cap &
Bang 1. Két qua nghién ctru dwoc thé hién trong
Bang 7 va Hinh 1a, 1b, 1c, 1d, le.

Bang 7. Anh huéng caa ham luong TDI t6i d6 bén
nhiét cua mang vecny

Ky Khoi lugng phén hiy (%)

hiéu | Tu nhiét do phong | T nhiét d6 phong
mau dén 320°C dén 600°C
M1 21,72 84,43

M2 19,90 78,23

M3 19,92 77,55

M4 18,02 77,52

M5 17,12 71,00
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Hinh le. Gian d6 TGA cua mau M5.

Tur két qua Bang 7 va Hinh 1a, 1b, 1c, 1d,
le cho thdy, trong khoang nhiét d6 duéi
200°C: la giai doan phan huy cua cac chat thap
phan tir, dung moéi du. Luong phén huy
khoang 2 - 7%. Trong khoang nhiét @6 tir nhiét
d6 phong dén 320°C: La giai doan phan hay
caa nhom chic con du trong mach polyme,
cac chit thap phan tir,... Giai doan nay cho
thdy: Mau M1 c6 d6 phan hay 1a 21,72, 16n
nhat. Miu M5 ¢ d6 phan hay 1a 17,12, cac
mau M2, M3, M4 mtrc d6 phan haty chénh léch
nhau khong nhiéu, tir 17,92- 19,90%. Tong khoi
lugng phan huy tir nhiét do phong dén 600°C,
mau M1 c6 micc d6 phan huy cao nhit,
84,43%. Mau M5 c6 mirc d6 phan huay thap
nhat, 71%. Cac mau M2, M3, M4 muc do
phan hity gan nhu twong duong nhau, tir 77,52-
78,23%. Nhu vay, c6 thé khang dinh, voi ty 1&
chat dong ran TDI tir 6— 10 PKL, mirc do tao
mang khong gian tuong duong nhau.

4. Két luan

- Tang ham lugng TDI tir 4 - 10 PKL thi di¢n
ap danh thung tang tur 21,78 1én 65,69 KV/mm,
khi ham Iugng TDI la 12 PKL thi gia tri nay la
56,65 KV/mm.

- Khi str dung TDI tur 4 - 10 PKL s& giam gia
tri hang sb dién moi. Hang sb dién mdi giam tur
dat gi4 tri thdp nhét 1a 2,78 khi ham luong TDI
la 10 PKL.

- bién tro suat khoi dat 6,8.10% Q.cm khi sir
dung luong TDI 13 8 PKL.

- Ham lugng chat dong ran TDI tir 8 - 10
PKL s& lam giam gié tri Tg cta goc ton hao dién
moi. Tg ctia goc ton hao dién moéi dat 0,0069 —
0,0078.

- Tang ham lugng chat dong ran TDI do bén
moi trudng, d6 bén nhiét cua veeny tang 1én. Tuy
nhién, khi ting téi mot ty 1& 1on hon 10 PKL thi
tinh chat dién lai bj giam di.
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