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Abstract: This study evaluated the effect of antioxidants on the physical and chemical parameters
of a mixture of rice oil and rape-seed oil for using as insulating transformer oil. Antioxidants such
as butylated hydroxytoluene, tertiary butyl hydroquinone and propyl gallate were used.
Experimental results showed that these three additives increased the oxidation stability index of the
oil mixture, but tertiary butyl hydroquinone had the greatest effect and increased the oxidation
stability index by 4 times. However, tertiary butyl hydroquinone insignificantly changes the physical
and chemical parameters of the oil mixture except for the breakdown strength. This parameter of the
oil mixture was increased by about 24% when tertiary butyl hydroquinone (0,3 wt%) was added. In
addition, it was observed that tertiary butyl hydroquinone inhibited the aging process of the oil
mixture at high temperatures. With the presence of tertiary butyl hydroquinone, the viscosity of the
aged oil mixture only increased by 16% instead of up to 36% in case of without addition of the
antioxidant under without oxygen or low concentration of oxygen.

Keywords: Rice oil, Rape-seed Oil, Transformers, Ageing, Antioxidants.

*Corresponding author.
Email address: nvdung@ctu.edu.vn

https://doi.org/10.25073/2588-1140/vnunst.5139
78



N.V. Dung et al. / VNU Journal of Science: Natural Sciences and Technology, Vol. 37, No. 2 (2021) 78-83 79

Anh huéng cua chat chong oxy héa dén dic tinh vat 1y va hoa
hoc cua hon hop dau cam va dau hat cai dung cho may bién ap

Nguyén Van Diing*, Pham Thanh Liém, Trinh Quéc Anh

Truong Dai hoc Cén Tho, Puong 3/2, Cin Tho, Viét Nam

Nhan ngay 9 thang 10 nam 2020
Chinh stra ngay 19 thang 02 nam 2021; Chap nhan dang ngay 28 thang 6 ndm 2021

Tém tat: Nghién cru nay danh gia anh huéng ciia chit chéng oxy hoa dén cac thong sb vat 1y va
hoéa hoc ciia hdn hop dau cam va dau hat cai dé sir dung lam déu cach dién cho may bién ap phéan
phbi. Cac chat chdng oxy héa nhu dibutylhydrotoluen (hoic 2,6-di-tecbutyl-4-metylphenol), tec-
butylhydroquinon (hodc 2-tec-butylbenzen-1,4-diol) va propyl gallat da dugc sir dung. Két qua thi
nghiém cho thiy cac chét phy gia nay di lam ting d6 6n dinh oxy héa ciia hdn hop dau nhung tec-
butylhydroquinon ¢é anh huéng 16n nhit va d3 ting d6 6n dinh oxy hoa gip 4 1an. Tuy nhién tec-
butylhydroquinon khéng lam thay d6i dang ké cac thong s6 vat Iy va hoa hoc ciia hdn hop dau ngoai
trir 46 bén dién. Thong sd nay cua hdn hop dau da ting khoang 24% khi dugc bd sung tec-
butylhydroquinon (0,3 wt%). Ngoai ra, tec-butylhydroquinon con cho thiy kha ning han ché sy lao
héa hdn hop diu & nhiét d6 cao. Két qua 1a vai sy hién dién cua tec-butylhydroquinon, d nhdt ctua
hdn hop dau sau 1do hoa chi ting 16% thay vi ting dén 36% trong trudng hop khong co chat chong
oxy hoa khi thi nghiém trong diéu kién khong cé oxy hoic néng dé oxy thap.

Tir khéa: Dau cam, dau hat cai, may bién ap, su ldo hoa, chét chéng oxy hoa.

1. Pit van dé

Dau cach dién c6 nguén géc thuce vat da duoc
mg dung thanh cong trong may bién ap phén
phdi va ngay cang tré nén phd bién [1]. Didu nay
1a do dau thye vat c6 cac uu diém nhu do bén
dién cao, diém chdp chay cao, phan huy hoan
toan va khong doc dbi voi con nguoi va moi
truong [2, 3]. Mot s6 loai dau cach dién dugc ché
tao tir dau hudng duong, diu dau nanh, dau be‘ip
va dau hat cai d3 dwoc thuong mai hoa trén thi
truong [2, 3]. Mot sb loai ddu khac nhu dau cam,
déu dau phong, dau dira...dang duoc nghién ctru
[4-6]. Trong céc loai dau nay, dau cam c6 tiém
niang 16n nhit do dat hu hét cac chi tiéu vé ky
thuat cling nhu c6 gid thanh tuwong duong hoac
thip hon so voi cac loai dau con lai [6]. Tuy
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nhién dau cam c6 hai nhuoc diém 1a c6 nhiét do
dong dic cao va dé bi oxy hoa dic biét 1a dudi
tac dong cua nhiét do cao [4, 5]. Do d6 nghién
clru nay sé trinh bay phuong phap ha thip diém
ddng dic va nang cao kha ning chéng oxy hoa
ctia diu cam béng cach hoa tron voi dau hat cai
va sir dung cac chat chéng oxy hoa nhu butylated
hydroxytoluene (BHT), tec-butylhydroquinon
(hodc 2-tec-butylbenzen-1,4-diol) va propyl
gallate (PG). Cac két qua nghién ctru trudc day
cho thdy BHT va TBHQ da c6 hiéu qua cao ddi
v6i dau thue vat [5]. Ngoai ra, PG ciing dd ning
cao kha ning chéng oxy hoa cua nhién lidu sinh
hoc [7]. Vi vay, nghién ctru nay s€ khao sat anh
hudng ciia BHT, TBHQ va PG dén cac thong sb
vat 1y va hoa hoc ctia hdn hop dau cam va dau
hat cai.
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2. B6 tri thi nghiém va phwong phap thi
nghiém
2.1. B6 tri thi nghiém va phicong phdp thi nghiém

Thi nghiém xac dinh d¢ on dinh oxy hoa cta
dau dugc thyc hién theo phuong phap rancimat
phut hop véi tiéu chuan EN 14112 nhu mé ta &
Hinh 1. Thi nghi¢m dugc thyc hién tai 110°C véi
luu lwong khong khi 1a 10 L/h. Khi dau bi oxy
dudi tac dong cua nhiét do cao, cac axit c6 phan
tir luong thap d& bay hoi hinh thanh. Cac axit nay
dugc dan dén cbe dung nuéc cit. Do d6, do dan
dién ctia nudc trong cdc sé ting theo thoi gian thi
nghiém va dg on dinh oxy hoa dugc xac dinh khi
dd dan dién cua nudc ting dot ngot.

Thi nghiém xac dinh dién ap danh thing cia
cac mau diu duoc b tri nhu Hinh 2. Thi nghiém
dugc thyc hién voi dién ap AC-50 Hz theo tiéu
chuén [EC 60156 v&i khe hé dién cuc 12 2,5 mm.

Thi nghiém 130 hoa dau duoc thue hién theo
tiéu chuan IEC 61125C. Dau dugc 130 hoa tai
120°C trong 164 h c6 bom khong khi véi luu
luong 14 0,15 L/h va khong ¢6 bom khong khi.

Khong khi
-
1 E uS 08I
L May dodo h
1B dan dién
o
Mu dau Nudc cit

Hinh 1. B4 tri thi nghiém do d6 n dinh oxy hoa [8].
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Hinh 2. Bé tri thi nghiém do dién 4p dénh thung.

2.2. Madu dau va chdt chong oxy héa

Dau cam va dau hat cai tinh luyén tir cong ty
SIMPLY duogc st dung dé thuc hién céc thi
nghiém. Thanh phan hoa hoc ctia hai loai dau nay
dugc trinh bay ¢ Bang 1.

Bang 1. Thanh phin hoa hoc cua dau cam va déu hat
cai tinh ché (wt%)

\ N Dau cam Dau hat cai
TT Thanh phan [10] (1]
1 | Axit béo bdo hoa 20,1 5,78
Axit béo khong
2 bdo hoa don 42,2 62,7
Axit béo khong
3 bdo hoa da 36,5 28,5
4 |Khac 1,2 3,02
Béng 2. Thong sb k¥ thuat ciia dau
Dau X ASTM
TT|  Chititu cim | Dauhat| pegsy
[12] cai [12]

Do nhdt tai 40°C 36.9 352 <50

(cSt)
DPiém doéng dic
2 [P d 0 21 <-10
(0)
3 ?lem chdép chay 328 342 >275
Q)
Khoi luong riéng
* i 40°C (gmpy | 0017 | 092 =096
s |Ham lugng nu6el 50, | 951 | <200
(mg/kg)

bién ap danh
6 |thing tai khe hd| 49,5 41 >30
2,5 mm (kV)

H¢ s6 tén hao

7 |dien moi tai 250C| 0,12 | %14 | =02
(%)

3 Ham Iugong luu| Khong | Khong | Khong
huynh dn mon cd co cé

Tri s6 axit (mg

KOH/g) <0,006 | <0,01 | <0,06

Do ¢6 ti 1& phan trim axit béo bdo hoa cao
hon nén diém dong dic ctia dau cam s& cao hon
dau hat cai [1]. Ngoai ra, tong phin trim ciia axit
béo bao hoa va khong bao hoa don khong chénh
1&ch 16n gilrta dau cam va dau hat cai nén du doan
d6 6n dinh oxy hoa s& tuong tu nhau gitta hai loai
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déu. Pic tinh hoa hoc, vat ly va dién cua hai loai
dau nay duoc cho ¢ Bang 2. R& rang chi ¢ diém
d6ng dic cta dau cam khong dat yéu cau. Trude
khi tién hanh thi nghiém, cac mau dau duoc sdy
o 85°C trong chan khong (10 mbar) trong vong
48 h dé loai bo nuéc va khi hoa tan. Chét chdng
oxy hoa BHT, TBHQ va PG dugc st dung voi
nf”)ng dd 14 0,3 wt% theo dé xuét ctia cac nghién
ctru trude day [9]. BHT va TBHQ dugc mua tur
Sigma Aldrich trong khi PG dugc cung cép tir
HIMEDIA.

3. Két qua va thio luin
3.1. Diém déng ddc ciia hén hop dau

Hinh 3 cho thdy diém déng dic cta hdn hop
dau giam khi ti 18 ddu cam trong hdn hop giam,
va dat -12°C khi ddu cam chi chiém khoang 40%
thé tich ciia hdn hop dau. Két qua nay 1a do diém
déng dac cua ddu cam cao hon so véi dau hat cai
(0°C so0 v6i -21°C). Nhu véy, hdn hop dau chira
40% dau cam va 60% dau hat cai c6 diém dong
dic thip hon mot it so véi gidi han trén theo qui
dinh tai tiéu chuan ASTM-D6871 (<-10°C), va ti
1¢ nay dugc chon trong cac thi nghiém tiép theo.

3.2. B¢ 6n dinh oxy hoa cua hén hop dau

Do 6n dinh oxy héa (OSI) ctia cac mau dau
duoc xac dinh bang phuong phép rancimat va két
qua do duogc trinh bay & Bang 3. Tu bang nay cho
thdy, OSI ciia hdn hop dau giam so véi gia tri cia
dau cam (1,4 h so v&i 2,2 h). Két qua nay c6 thé
1a do dau cam c6 chtra ham lugng chat chong oxy
hoéa tu nhién cao nén c¢6 OSI cao hon so véi dau
hat cai (2,2 h so véi 1,1 h) dan dén két qua 1a néu
ti 18 diu cam trong hdn hop thap thi OSI ciia hdn
hop sé& thip. Ngoai ra, ciing c6 thé 1a do thanh
phan hoa hoc ctia ddu cam kho bi oxy héa hon so
v6i dau hat cai. Cac gia thuyét nay can dugc lam
15 trong cac nghién ciru tiép theo. Khi bd sung
chit chng oxy hoa véi nong do 0,3 wt%, OSI
ctia hdn hop dau ting 1én dang ké va dat gia tri
16n nhét trong trudng hop ciia TBHQ (6,0 h). Két
qua nay cho thay hiéu qua cua viéc s dung
TBHQ dé nang cao kha ning chéng oxy hoa cia
hén hop diu cam va dau hat cai. Két qué tuong

tu da dugc trinh bay trong cac nghién clru trude
day [5, 13]. Do d6 TBHQ duogc chon dé tiép tuc
thuc hién cac thi nghiém ke ti€p.
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+

Gidi han trén ASTM D6871 @,

Diém dong dic (°C)
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Ti 18 d4u gao trong hdn hop (%)

Hinh 3. Tuong quan giita diém déng dic va ti 18 dau

cam trong hon hop dau.

Bang 3. OSI ciia cac mau dau

TT Mau dau 0SI (h)
1 |Déau cam 2,240,224
2 |Déu hat cai 1,1 £0,16
3 |Déu cam+dau hat cai 1,4+0,21
4 | DAu cam+dau hat cai+BHT 2,5+0,14
5 |Dau cam+dau hat cai+TBHQ 6,0 +0,76
6 |Déu cam+dau hat cai+PG 2,9+0,21

3.3. Sw ldo héa hon hop dau

Hén hop diu duoc 1do hoa theo tiéu chuén
IEC 61125C véindng d6 TBHQ 14 0,3 wt%. Hon
hop dau sau ldo hoa duoc do dién ap danh thung
va d6 nhét. Két qua thi nghiém cho thiy su ldo
hoa lam tang dién 4p danh thing ciia hdn hop dau
khoang 27% dbi véi truong hop khong c6 TBHQ
va 6% ddi voi truong hop co6 TBHQ (Hinh 4).
Két qua nay la do hdn hop diu khé hon sau khi
130 hoa. Két qua twong tu thu dugc ddi véi dau
FR; va Midel eN [14]. Ngoai ra, két qua thi
nghiém con cho thdy TBHQ di ting dién ap danh
thung ctua hon hop dau khoang 24% dbi véi
truong hop dau méi va 3% déi véi truong hop
sau 130 hoa. Két qua tuong ty di duoc trinh bay
boi céc tac gia khac [15, 16]. Két qua nay 1a do
chit chéng oxy hoa da gia tang sy phan nhanh
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ctia dong dién tich khi di chuyén trong dau. Diéu
nay s& lam giam van toc dich chuyén cia dong
dién tich va nang cao dién ap danh thung [17,
18].

Hinh 5 trinh bay anh hudng cua sy 130 hoa
dén d6 nhdt cua hdn hop dau. Trong trudng hop
¢6 bom khong khi, d6 nhét ctia hon hop dau sau
130 hoa ting khoang 53% d6i voi mau dau khong
chira TBHQ va 42% ddi v6i mau dau c6 chira
TBHQ. Két qua nay cho thay khi chiu tac dong
ctia nhiét d6 cao va tiép xiic vi oxy trong khong
khi, diu bi 130 hoa nhanh chong [19] va rd rang
hiéu qua chdng 1o hoa cua TBHQ khéng cao
trong trudng hop nay. Trong trudong hop khong
¢6 bom khong khi, d6 nhét cia hdn hop dau sau
130 hoa ting khoang 36% dbi v6i mau dau khong
¢6 TBHQ va 16% d6i voi mau dau c6 TBHQ.
Pidu nay chi ra ring TBHQ c6 hiéu qua cao
trong viéc han ché sy 130 hoa dau trong diéu kién
khong c¢6 oxy hodc ton tai oxy v&i ndng do thap.

80

|

40

20

Dién ap danh thung (kV)

Déu khong TBHQ Daukhong TBHQ Diuc6é TBHQ Déuco TBHQ (o
(mé1i) (ldo hoa) (méi) hoa)

Mau dau
Hinh 4. Anh huéng cua sy ldo hoa dén dién ap danh
thung ciia hdn hop dau (c6 bom khong khi).

= NG

60

w
S

=
S

)
S

Do nhdt dong luc hoc (cSt)

=3

Déukhéng Daukhéng — Dauco Déucé  Daukhéng  Daucod
TBHQ TBHQ(io TBHQ TBHQ(lio TBHQ(lio TBHQ (lio
(moi) hoa) (méi) hoa) héa-bom  hoa-bom

I khi) khi)

Mau dau

Hinh 5. Anh hudng gﬁa s 159 héa dén d6 nhét coa
hon hop dau.

3.4. Thong s6 kj thudt cia hén hop dau chira
TBHQ

Bang 4 thé hién cac thong s k¥ thuat cua
hén hop dau chira TBHQ (0,3 wt%). Céc thong
s6 dau dugc xac dinh tai cac phong thi nghiém
thudc Truong Pai hoc Cén Tho, Trung tam ky
thuét tiéu chuan do luong chat lugng Can Tho va
Cong ty thi nghiém dién Mién Nam. Két qua nay
cho thdy hdn hop dau dat tat ca cac thong sb ky
thuat theo tiéu chuan ASTM D6871.

Béng 4. Thong sb k¥ thuat ciia hdn hop dau

. Hén hop ASTM
TT Chi tiéu diu D6871
Do nhot tai 40°C
1 (S 36,1 <50
2 | Piém dong dac (°C) -12 <-10
Piém chép chay
30, 335 > 275
(C)
Khoi lugng riéng
4 tai 40°C (g/ml) 0,92 <0,96
5 Ham lugng nudc 98,2 <200
(mg/kg)
bién ap danh thung
6 |tai khe hd 2,0 mm 45,1 >35
kV)
Hé s6 ton hao dién <02
7 | moi tai 25°C (%) 0,14
Ham luong luu « . n .
8 huynh &n mon Khong c6 | Khong co
Chi s axit (mg
9 KOH/g) 0,009 <0,06

4. Két luan

Chit chéng oxy hoa TBHQ di cho thiy co
hiu qua trong viéc cai thién do on dinh oxy hoa
va lam cham qué trinh 130 hoa hén hop diu cam
va dau hat cai. Tuy nhién trong diéu kién tiép xuc
véi oxy va chiu tac dong cua nhiét d9 cao trong
thoi gian dai, hi€u qua cia TBHQ khong cao. Do
d6, can tiép tuc nghién ctru hiéu qua cia cac chét
chéng oxy héa khac. Hon hop dau cam va dau
hat cai chira TBHQ (0,3 wt%) da dat tit ca cac
thong sb theo qui dinh cua tiéu chuin ASTM
D6871 va c6 tiém ning st dung lam dau cach
dién cho cac may bién ap C'?ip trung thé.



N.V. Dung et al. / VNU Journal of Science: Natural Sciences and Technology, Vol. 37, No. 2 (2021) 78-83 83

Loi cam on

Nghién ctru nay duogc tai trg bdi Truong Dai
hoc Can Tho.

Tai liéu tham khio

(1]

(2]

B3]

(4]

(5]

(6]

(7]

(8]

9]

S. A. Ghani, N. A. Muhamad, Z. A. Noorden, H.
Zainuddin, N. A. Bakar, M. A. Talib, Methods
for Improving the Workability of Natural Ester
Insulating Oils in Power Transformer
Applications: A Review, Electric Power Systems
Research, Vol. 163, 2018, pp. 655-667.
https://doi.org/10.1016/j.epsr.2017.10.008

M. Hrkac, P. Papageorgiou, I. Kosmoglou, G.
Miatto, BIOTEMP® Transformer Technology
for Innovative Compact Substation, 7th
Mediterranean Conference and Exhibition on
Power Generation, Transmission, Distribution
and Energy Conversion, Agia Napa, Cyprus,
2010. https://doi.org/10.1049/cp.2010.0954

T. V. Oommen, Vegetable Oils for Liquid-Filled
Transformers, IEEE Electr. Insul. Mag., Vol. 18,
2002, pp. 6-11.
https://doi.org/10.1109/57.981322

D. V. Nguyen, L. P. Nguyen, T. N. Quach, An
Investigation on Breakdown Properties of Paper
Insulators Impregnated with Vegetable Oils for
Transformers, IET Science, Measurement &
Technology, Vol. 13, 2019, pp. 1352-1361.
https://doi.org/10.1049/iet-smt.2018.5580

H. M. Wilhelm, M. B. C Stocco, L. Tulio, W.
Uhren, S. G. Batista, Edible Natural Ester Oils as
Potential Insulating Fluids, IEEE Trans.
Dielectr. Electr. Insul., Vol. 20, 2013, pp. 1395-
1401.
https://doi.org/10.1109/TDEI.2013.6571461

B. S. H. M. S. Y. Matharage, M. A. R. M.
Fernando, E. Tuncer, M. A. A. P. Bandara, C. S.
Kalpage, Coconut Oil as Transformer Liquid
Insulation-Ageing and Simulated Thermal and
Electrical Faults, Proceedings of the Annual
Report Conference on Electrical Insulation and
Dielectric Phenomena, Montreal, Canada, 2012.
https://doi.org/10.1109/CEIDP.2012.6378911

K. Varatharajana, D. S. Pushparanib, Screening
of Antioxidant Additives for Biodiesel Fuels,
Renewable and Sustainable Energy Reviews,
Vol. 82,2018, pp. 2017-2028.
https://doi.org/10.1016/j.rser.2017.07.020

H. M. Wilhelm, L. Feitosa, L. L. Silva, A.
Cabrino, L. P. Ramos, Evaluation of in-Service
Oxidative and Antioxidant Additive
Consumption in Corn Oil Based Natural Ester
Insulating Fluid, IEEE Trans. Dielectr. Electr.
Insul, Vol. 22, 2015, . 864-869.
https://doi.org/10.1109/TDEL.2015.7076786

T. V. Oommen, C. C. Claiborne, E. J. Walsh, J.
P. Baker, A New Vegetable Oil Based
Transformer  Fluid: Development  and
Verification, IEEE CEIDP, Canada, 2000.

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

https://doi.org/10.1109/CEIDP.2000.885288

N. V. Dung, H. L. Huong, The Effect of
Antioxidants on The Physical and Chemical
Properties of Rice Oil, Corn Oil, Peanut Oil and
Kraft Paper, IEEE Trans. Dielectr. Electr. Insul.,
Vol. 27,2020, pp. 1698-1706.
https://doi.org/10.1109/TDEI.2020.008422

V. Mentlik, P. Trnka, J. Hornak, P. Totzauer,
Development of a Biodegradable Electro-
Insulating Liquid and its  Subsequent
Modification by Nanoparticles, Energies, Vol.
11, 2018, pp. 508-524.
https://doi.org/10.3390/en11030508

N. V. Dung, Application of Vegetable Oil-Based
Insulating Fluids for Transformers: A Review,
VNU Journal of Science: Natural Sciences and
Technology, Vol. 35, 2019, . 1-15,
https://doi.org/10.25073/2588-140/vnunst.4936.
(in Vietnamese)

N. Beltran, E. Palacios, G. Blass, Potential of
Jatropha Curcas Oil as a Dielectric Fluid for
Power Transformers, IEEE Electr. Insul. Mag,
Vol. 33,2017, pp. 8-15.
https://doi.org/10.1109/MEL2017.7866674

K. Bandara, C. Ekanayake, T. Saha, H. Ma,
Performance of Natural Ester as a Transformer
Oil in Moisture-Rich Environments, Energies,
Vol. 9, 2016, pp. 1-13.
https://doi.org/10.3390/en9040258

A. Raymon, P. S. Pakianathan, M. P. E.
Rajamani, R. Karthik, Enhancing the Critical
Characteristics of Natural Esters with
Antioxidants for Power Transformer
Application, IEEE Trans. Dielectr. Electr. Insul.,
Vol. 20, 2013, pp. 899-912.
https://doi.org/10.1109/TDEIL.2013.6518959

S. S. Kumar, M. W. Iruthayarajan, M.
Bakrutheen, S. G. Kannan, Effect of
Antioxidants on Critical Properties of Natural
Esters for Liquid Insulations, IEEE Trans.
Dielectr. Electr. Insul., Vol. 23, 2016, pp. 2068-
2078.
https://doi.org/10.1109/TDEIL.2016.7556480

A. A. Zaky, 1. Y. Megahed, C. Evangelou, The
Effect of Organic Additives on the Breakdown
and Gassing Properties of Mineral Oils, J. Phys.
D Appl. Phys., Vol. 9, 1976, pp. 841-849.
https://doi.org/10.1088/0022-3727/9/5/017

M. Unge, S. Singha, N. V. Dung, D. Linhjell, S.
Ingebrigtsen, L. E. Lundgaard, Enhancements in
the Lightning Impulse Breakdown
Characteristics of Natural Ester Dielectric
Liquids, Applied Physics Letters, vol. 102,2013,
pp. 1-4. https://doi.org/10.1063/1.4803710

S. Tenbohlen, M. Koch, Ageing Performance
and Moisture Solubility of Vegetable Oils for
Power Transformers, IEEE Trans. Power. Del.,
Vol. 25,2010, pp. 825-830.
https://doi.org/10.1109/TPWRD.2009.2034747



