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Abstract: This study evaluated the feasibility of using methyl ester prepared from waste cooking
oil for electrical insulation in distribution transformers. Methyl ester is produced by a
transesterification reaction between waste cooking oil and methanol using sodium hydroxide as a
catalyst. The physicochemical parameters and breakdown voltage of the methyl ester were
determined. The effects of aging on the breakdown voltage, viscosity, and acid value of methyl
ester were also investigated. In addition, the breakdown voltage of Kraft paper impregnated with
methyl ester was determined. Experimental results showed that methyl ester from waste cooking
oil had low viscosity (5.17 cSt) and high breakdown voltage (40.3 kV). Other parameters also meet
ASTM D6871 except for the pour and flash points. Aging insignificantly affected the breakdown
voltage of the methyl ester. After aging, the breakdown voltage of the methyl ester increased to
42.1 kV. However, the viscosity of the methyl ester also increased by 23.5% and the acid value
increased by 79.2 times. Finally, the breakdown voltage of Kraft paper impregnated with the
methyl ester was about 5-10% lower than that of paper impregnated with the mineral oil.
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Tong hop methyl ester tur dau an phé thai ,
hudng td1 img dung lam chat 1ong cach dién may bién ap

Nguyén Vin Diing”, Nguyén Thi Xuan Thi, Lé Vinh Truong
Trwong Pai hoc Can Tho, 3/2 Can Tho, Viét Nam

Nhén ngay 15 thang 9 ndm 2022
Chinh sira ngay 11 thdng 01 nam 2023; Chap nhan ding ngay 21 thdng 03 nam 2023

Tém tit: Nghién ctru nay da danh gia tinh kha thi cia viéc st dung methyl ester dugc didu ché tir
dau an phé thai dé cach dién trong may bién 4p phan phbi. Methyl ester dwoc san xuit bang phan
g transesterification gitra dau an phé thai va methanol véi chét xuc tac 1a sodium hydroxide. Céac
thong s6 hoa 1y va dién ap danh thung cia methyl ester di duoc xac dinh. Anh hudng cua sy ldo
hoa dén dién ap danh thung, d6 nhét va tri sé acid cia methyl ester ciing da duoc khao sat. Ngoai
ra, dién ap danh thung cua gidy Kraft dwgc tim methyl ester ciing dwgc xac dinh. Két qua thi
nghiém cho thay methyl ester tir ddu an phé thai c6 d6 nhdt thap (5,17 ¢St) va dién 4p danh thung
kha cao (40,3 kV). Cac théng s khac ciing dap tng tiéu chuan ASTM D6871 ngoai trir diém dong
dic va diém chép chay. Su lio hoa khong anh huong dang ké dén dién ap danh thing ciia methyl
ester. Sau khi 130 hoa, dién ap danh thung ctia methyl ester tang nhe dén 42,1 kV. Tuy nhién, do
nhét ciia methyl ester da ting 23,5% va tri sd acid ting dén 79,2 1an. Cubi cung, dién ap danh
thing cta gidy Kraft tim methyl ester thdp hon khoang 5+10% so véi truong hop gidy duoc tim
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dau khoang.

Tir khéa: Methyl ester, ddu n phé thai, chit 16ng cach dién, may bién ap.

1. Mé diu

Dau cach dién duoc diéu ché truc tiép tor
dau thuc vat, Chfmg han nhu dau huéng duong,
dau d4u nanh va dau hat cai, dé thay thé dau
cach dién gbc khoang di dugc Gmg dung thanh
cdng trong méy bién ap phan phdi va ngay cang
tro nén phd bién [1]. Tuy nhién, d6 nhét cao va
gi4 thanh dat hon so voi dau gbc khoang 13 hai
trong s6 cac nhuge diém cta loai dau cach dién
nay [1]. Do d6, di c6 mot sb nghién ctru vé mot
loai chit 1ong cach dién sinh hoc khac co do
nhot cling nhu gié thanh thip hon so véi dau
thuc vat [2-4]. Chat long cach dién do 1a methyl
ester dugc san xut tir dau an phé thai. Tai cac
co s6 16n, dau an phé thai duoc thu gom véi gia
thanh thap dé tai ché thanh nhién liéu sinh hoc
trong khi tai cac ho gia dinh, dau an phé thai
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hau nhu khong dugc thu gom va tai ché nén
phai bo di. Do do, viéc nghién ctu dau cach
dién tr nguyén liéu dau in phé thai c6 y nghia
cd vé mit mdi truong va kinh té ciing nhu vé
mat khoa hoc. Cac nghién clru trudc day da chi
ra rang methyl ester c6 d6 nhét rat thip so véi
dau thuc vat nén s€ tang hiéu qua trao ddi nhiét
clia may bién ap ciing nhu nang cao kha ning
thAm thiu vao gidy cach dién lam ting do bén
dién cia gidy [2-4]. Ngoai ra, cac thong s hoa
Iy khac cuia methyl ester déu dat tiéu chuin qui
dinh ngoai trir diém déng dic va diém chép
chéy [2, 3]. Trong qu4 trinh van hanh may bién
ap, dau cach dién s& chiu tic dong cua nhiét do
cao c6 thé dén 80+100 °C trong thoi gian dai.
Do d6, dau cach dién dugc diéu ché tir dau thyc
vat da bi ldao héa biéu hién thong qua sy gia
ting d6 nhdt va tri s6 acid [5-7]. Tuy nhién, su
gia ting tri s6 acid khong lam giam dién ap
danh thung cua dau thyc vat [5, 8]. Do do6, anh
hudng cia sy 1do hoa dén dién ap danh thing,
d6 nhét va tri s6 acid ciia methyl ester can phai
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duoc khao sat. Tuy nhién, ndi dung nghién ctru
ndy chua duoc thuc hién. Ngoai ra, gidy Kraft da
va dang duoc sir dung két hop voi dau dé cach
dién cho may bién ap nhung dién ap danh thing
clia gidy cach dién Kraft tim methyl ester ciing
chua dugc dé cap dén. Chinh vi vdy, nghién ctru
ndy s& danh gia tic dong cua sy ldo hoéa dén
methyl ester dugc san xuat tir nguon dau an phé
thai trong nudc bén canh viéc khao sat dién ap
danh thing ctia gidy Kraft tim methyl ester.

2. Thuc nghiém
2.1. Mdu thi nghiém

Déu an phé thai dugc thu gom tur cac ho
kinh doanh in udng trén dia ban quan Ninh
Kiéu, thanh ph6 Can Tho. Vi 1y do kinh té nén
céc ho kinh doanh an uéng chu yéu sir dung dau
an chira thanh phan chinh 14 dau co c¢6 gia thanh
thap. Do d6, dau an phé thai ciing chtra thanh
phan chinh 1a dau co. Methyl ester dugc diéu
ché theo qui trinh da duoc trinh bay tai mot
nghién ciu trude ddy nhu sau [2]. Pau tién
1000 mL dau dn phé thai dugc loc bo cin va gia
nhiét dén 85 °C trong vong 24 h trong 16 chan
khéng (10 mbar) dé giam ham luong nudc va
sau d6 duoc dé ngudi ty nhién trong mdi trudng
chan khéng vé 60 °C. Ham lugng nudc trong
mau dau in phé thai trudc va sau khi sdy lan
luot 1a 500 mg/kg va 98,7 mg/kg. Pong thoi,
cho 7,5 g NaOH vao trong cdc thuy tinh chta
250 mL methanol tai 60 °C. Hon hgp NaOH va
methanol duoc rét vao cdc thuy tinh chira 1000
mL dau an phé thai di siy kho ¢ trén va sau do
hdn hop duge khudy tron biang may khudy tir
v6i toc do 500 v/p trong vong 5 phut. Sau do,
cbe duoce bit kin bé“mg mang nhom va dugc u
trong 10 say & nhiét d6 60 °C trong vong 24 h dé
phan ung transesterification xdy ra hoan toan.
Sau 24 h thu dugc methyl ester va glycerol nhu
Hinh 1. So b, xac dinh dugc thé tich methyl
ester thu dugc bang khoang 85,6% so voi thé
tich dau an phé thai ban dau. Glycerol duoc
tach riéng bang phéu chiét. Phin methyl ester
tho con lai duge rira bang nudc cit dé loai bo
glycerol, methanol va NaOH con du cling nhu
sap hinh thanh. Sau d6 methyl ester tinh ché

dugc sdy kho tai 85 °C trong vong 24 h dudi
diéu kién chan khong (10 mbar) dé loai bo nuéc
va khi hoa tan. Methyl ester tinh ché sau sdy
khé duoc st dung dé xac dinh cac thong sé hoa
ly va lam mau thi nghiém. Mic du thi nghiém
v6i thoi gian khudy thay do6i 1an luot 1a 5 phut,
60 phat va 120 phut khéng dugc trinh bay ¢ day
nhung két qua di cho thay gia tri cia d6 nhét,
diém chép chay va diém dong dic cia methyl
ester thu duogc tir cac mdc thoi gian khudy khac
nhau khdng c6 su khac biét dang ké. Diéu nay
khang dinh thoi gian khudy mau 1a 5 phut tai
tdc d6 500 v/p 1a phu hop va mau sau d6 duoc u
tai 60 °C trong vong 24 h 1a du dai dé phan tng
transesterification xay ra gan nhu hoan toan.

Gidy Kraft dugc san xuat tir Trung Qudc c6
chiéu day 0,1 mm dugc st dung lam mau thi
nghiém. Khdi luong riéng cia gidy duoc xac
dinh 1a 1,1 g/cm®. MAu gidy cach dién dugc cat
thanh miéng c6 hinh vuéng véi mdi canh co do
dai 1a 100 mm. Trudc khi thi nghiém phong dién
danh thung, cac miu gidy cach dién duoc say kho
trong chan khdéng (10 mbar) ¢ 115 °C trong vong
16 h theo tiéu chuan ASTM D2413-99 va sau d6
duoc 1am ngudi dén nhi¢t do phong trong moi
truong chan khong. PO 4m cia gidy cach dién
duoc do bang may phan tich MX-50 hoat dong
dua trén phuong phap bay hoi nude. Ham luong
am trong gidy cach dién trude va sau khi sdy lan
lwot 1a 11,1+0,15% va 1,0+0,19%. Sau khi say,
cic mau giéy cach dién ngay lap tic dugc ngdm
trong methyl ester tinh ché & didu kién chan
khong trong vong 24 h. Sau d6 cac mau gidy da
duoc tim methyl ester duoc sir dung trong cac thi
nghiém phong dién danh thung.

r—— S

vethyllE B0
ester tho®® |

Glycerol

Hinh 1. Mau dau thi nghié¢m:
Dau an phé thai (a), Methyl ester tho/glycerol (b)
va Methyl ester tinh ché (c).
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2.2. Bo tri thi nghiém va phirong phdp thi nghiém

Thi nghiém xac dinh dién 4p danh thing
ciia cac mau methyl ester dwoc bd tri nhu
Hinh 2. Thi nghiém duoc thuc hién véi dién ap
AC-50 Hz theo tiéu chuan ASTM D1816 véi
khe hé dién cuc dwge diéu chinh lan luot tir
0,5 mm dén 2,0 mm.

Thi nghiém xac dinh dién 4p danh thing
cia gidy Kraft tim methyl ester dugc bd tri
tuong ty nhu Hinh 2 nhung st dung hé théng
dién cuc nhu Hinh 3. Dién ap danh thing mau
gidy duoc xac dinh theo tiéu chuin ASTM
D149. S6 16p gidy cach di¢n dugc thay doi lan
lwot 12 1, 2, 3 va 4 16p. Mau glay sau khi bi
danh thung s€ dugc thay bang mau gidy méi.

Thi nghiém ldo hoa dau dugce thuc hién theo
tiéu chuan IEC 61125C. Dau dugc ldo hoa tai
120 °C trong 164 h c6 bom khoéng khi véi luu
lugng 1a 0,15 L/h. Muc dich cia thi nghiém lao
hoa 1a nham ting toc qua trinh thoai hoéa hay
suy giam chat luong dau cach dién theo thoi
gian dudi tac dong ciia oxy hoa tan trong dau va
nhiét d§ cao. Tir d6 s€ tao ra dugc mau dau bj
lao hoa gan gidng voi mau dau thu dugc trong
cac may bién ap van hanh trong thuc té. Dau
sau 140 hoa dugc lay mau dé xac dinh dién ap
danh thung, d6 nhét va tri s6 acid.

Déi voi thi nghiém dién ap danh thing, dau
cach dién gbc khoang (PLC supertrans) tir
petrolimex ciling da duoc sir dung dé tao co so di
liéu nham gitip cho viéc danh gia methyl ester.

Céac thong s6 ky thudt cia methyl ester
duoc xac dinh tai cac phong thi nghiém thudc
Trudng Pai hoc Can Tho, Trung tdm ky thuat
tiéu chuan do luong chét lugng Can Tho va
Cong ty thi nghiém dién Mién Nam.

Bukelite
. 0-80kV ;

Déng thau
d

1 -

220V 4, 2B — = — =Y

Ddu thi nghiém

Hinh 2. B6 tri thi nghiém xac dinh dién ap danh
thiing methyl ester (d: khe ho dién cuc).

Cao apy

Bakelite
s I Gy cich
dién

Dén oyge ™

Noi didt

Hinh 3. Hé théng dién cuc thi ngl}iém xac dinh dién
ap danh thung cua giay Kraft tam methyl ester.

3. Két qua va thao luin
3.1. Théng s6 héa Iy ciia methyl ester

Thong sb hoa hoc, vat ly va dién cua methyl
ester duoc trinh bay & Bang 1. Gié trj cta sb
liéu cho théy d6 nhot cua methyl ester thap hon
khoéng 8 1an so voi dau an phé thai (5,17 ¢St so
voi 45,9 cSt). Bay 1a uu diém ndi bat cua
methyl ester. Két qua twong tuw da dugc quan sat
& cac nghién ctru trude day [2-4]. Diém dong
dic ting nhe trong khi khéi lugng riéng cia
methyl ester giam nhe so voi dau an phé thai.
Do dau 4n phé thai chira thanh phan chinh la
diu co nén cac acid béo bdo hoa nhu lauric
(C12:0), myristic (C14:0), palmitic (C16:0) va
stearic (C18:0) s& chiém ti 1& 16n trong mau
dau. Chinh vi vdy, diém dong dic ciia methyl
ester sau diéu ché s& cao [10]. Ham luong nudce va
tri s acid giam manh din dén dién 4p danh thung
ctia methyl ester ting cao gap 2.9 lan so vé6i dau
an phé thai. Pay ciing 14 mot wu diém khac coa
methyl ester so v6i dau an phé thai. Tuy nhién,
diém chop chiy giam manh (160 °C so véi
320 °C) nén déy la nhuoc diém cua methyl ester
so voi dau an phé thai. Két qua nay tuong dong
véi cac bao cdo cla cac tac gia khac [2-4]. Tuy
nhién diém chép chay ciia methyl ester van cao
hon so véi dau gbe khoang (160 °C so véi 145 °C
[3]). So Vvéi tiéu chuan qui dinh cho diu cach
dién géc thuc vat ASTM D6871 thi chi ¢6 hai
chi tiéu 1a diém dong dic va diém chép chay
ciia methyl ester 1a khong théa médn yéu ciu
theo qui dinh nén can phai cai thién hai chi
tiéu nay & cac nghién ctru tiép theo. T4t ca cac
chi tiéu con lai cua methyl ester déu dat theo
tiéu chuan.



80 N. V. Dung et al. / VNU Journal of Science: Natural Sciences and Technology, Vol. 39, No. 2 (2023) 76-82

Bang 1. Thong sb k¥ thuat cua methyl ester

TT | Chi tiéu/Phuong phap xac dinh Dau an phé thai | Methyl ester | ASTM D6871
1 |D¢ nhét tai 40 °C (cSt)/D445 45,9 5,17 <50
2 | Piém dong dic (°C)/D97 9,0 12 <-10
3 |Diém chép chay (°C)/D92 320 160 > 275
4 | Khéi lugng riéng tai 40 °C (g/ml)/D1298 0,919 0,87 <0,96
5 |Ham lugng nude (mg/kg)/D1533 500 97,3 <200
6 Dién ap danh thung tai khe hé 2,0 mm 140 403 > 35
(kV)/D1816

7 |Ham lugng luu huynh &n mon/D1275 Khoéng Khoéng Khéng
8 | Tri s6 acid (mg KOH/g)/D974 1,35 0,05 <0,06

3.2. Dién ap danh thuing methyl ester

Hinh 4 trinh bay quan h¢ gilta dién 4p danh
thing ctiia methyl ester va d6 16n khe hé dién cuc.
Két qua thi nghiém cho thiy trong khoang gia tri
khe ho dién cuc dugc khao sat, dién ap danh
thiing ting gan nhu tuyén tinh khi khe ho dién cuc
tang. So sanh voi diu khoang, thiy ring tbc
do gia tang dién ap theo khe ho dién cuc cla
methyl ester chi bang 50% (10,1 kV/mm so véi
22,2 kV/mm). Két qua nay c6 thé do gidng nhu
dau thuc vat, methyl ester khong co kha ning
ngan chan sy xuat hién cia dong dién tich loai

* Methyl ester mai
Déu khodng méi

N
o

N
o

Dién ap danh thung (kV)
e 8

0 05 1 15 2
Khe h¢ dién cuc (mm)

nhanh khi khe hé dién cuc ting nén dién 4p Hinh 4. Tuong quan gitra dién ap danh thing
danh thung s& ting cham [9]. Piéu nay cho thiy va khe hé dién cyc.
han ché ctia methyl ester khi 4p dung cho cic may 50
bién ap & céc cip dién ap cao hon trung thé. ~ * Methyl ester méi
3.3. Dién dp danh thing gidy Kraft tam f’o %0 P Khoing mdt
methyl ester é 30
Hinh 5 trinh bay dién ap danh thung cta f% 20
gidy Kraft tim methyl ester. Két qua thi nghiém =
cho thay dién ap danh thing cling tang tuyen =10
tinh theo s6 16p cach dién. So sanh véi diu =

khoang, ta thdy dién ap danh thung cua gidy 0 ey

Kraft tam methyl ester chi thap hon khoang 0 P 5
Ay A , i~ S6 16p gidy cach dién

5+10%. Diéu nay cho thay su tuong thich giita

methyl ester va gidy Kraft vé phuong di€n ngan Hinh 5. Tuong quan giita di¢n 4p danh thing

chan phong dién danh thung. va s6 16p giay cach dién.
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3.4. Sy ldo hoa methyl ester

Sau khi diéu ché, methyl ester dugc lao hoa
o nhiét d¢ 120 °C trong vong 164 h nhu da trinh
bay ¢ trén. Methyl ester sau ldo hoa dugc su
dung dé do dién ap danh thung, d6 nhét va tri
s6 acid nham dé danh gia anh huong cua su ldo
hoa dén cac thong sd nay. Pién ap danh thing
cua methyl ester sau khi 130 héa duogc trinh bay
& Hinh 6. Két qua cho thay sau ldo hoéa, dién ap
danh thing c6 xu huéng ting nhe (= 5%). Diéu
nay phu hop véi cic quan sat trude day ddi véi
dau thuc vat [5]. Két qua nay c6 thé do ham
luong nudc cua methyl ester giam sau khi bi 130
hoa. So sanh véi dau khoang, ta thdy mic du
dién ap danh thing cua methyl ester méi thap
hon dau khoang méi khoang 21% (40,3 kV so
véi 50,8 kV) nhung sau khi bi 1do hoa, dién ap
danh thing cta methyl ester lai cao hon
(42,1 kV so voi 41,3 kV). Két qua nay cho thay
dién 4p danh thung ctia methyl ester hdu nhu
khong bi anh hudng bédi sy 1ao hoa trong khi
dau khoang bi giam manh (= 19%). Py 1a uu
diém cua methyl ester so v6i dau khoang khi
duoc st dung dé cach dién trong qua trinh hoat
d6ng mang tai lau dai ciia may bién ap. Nguyén
nhan 1a do acid c6 mach phéan tir ngan sinh ra
trong dau khoang bi ldo hoa da lam giam dién
ap danh thung tuy nhién acid c6 mach phan t
dai sinh ra trong methyl ester sau khi bi 1o hoa
anh huong khong dang ké dén dién ap danh
thung [8].

60 .
Gioi han dusi: 35 KV 508 ~ OMdi
50 4 (ASTM D6871) ®Lo ha

403 421 41,3

S
[<)

20 Gi6i han dudi:
40kV (IEEE
10 C57.106)

Dién 4p danh thung (kV)
w
o

o

Methyl ester Dau khoéng

Méu chét long céch dién
Hinh 6. Anh huéng ctia sy 130 hoa dén dién ap
danh thiing (khe hé 2 mm).

Do nhoét ciia methyl ester sau khi 1ao hoa
dugc trinh bay ¢ Hinh 7. Két qua cho thiy sau
lao hoa, dd nhét tang tr 5,17 ¢St 1én 6,39 ¢St
tuc tang khoang khoang 23,5%. So voi tiéu
chuan IEC 62770, su gia ting d6 nhét thip hon
mirc ting cho phép 16n nhat 13 30%. Sy gia ting
d6 nhét cua chét long cach dién sau khi bi ldo
hoéa ¢ nhiét 6 cao ciing da dugc quan sat ¢ dau
thuc vat [5-7]. Ngoai ra, ta thiy d6 nhét cua dau
khoang sau ldo héa chi tang khoang 4,5%
(9,62 ¢St so voi 9,21 ¢St). Két qua nay cho thiy
dd nhét cua methyl ester chiu tic dong manh
hon boi sy 140 héa so voi dau khoang. Pay la
nhuge diém ciia methyl ester so v6i dau khoéng
va can dugc cai thién & cc nghién ciru tiép theo.

20 I

Dan ) Gidi han trén: 12 ¢St
B L3do hoa (IEEE C57.106)

15

= cpe A

2] Gidi han trén: tang toi

< da30% (IEC62770) 00" 9,62

£10 9,21 9

<=

.

Nel

Q5

6,39
77777777 5’17I ﬂ
0 T

Methyl ester Déu khoéng
Mau chit 1ong cach dién

Hinh 7. Anh hudng cua sy 130 hoa dén do nhét.

Hinh 8 trinh bay anh hudéng cta sy 1ao hoa
dén tri s6 acid ciia methyl ester. Két qua thi
nghiém cho thiy tri s6 acid cua methyl ester
tang manh sau lao hoa (3,96 mgKOH/g so véi
0,05 mgKOH/g). Gia tri ndy vuot qua muc tdi da
theo qui dinh tai IEC 62770 la 0,6 mgKOH/g. Mic
du ndng d6 acid sau ldo hoa cao nhung do day
la acid c6 mach phan tir dai nén s€ khong anh
huéng dén gidy cach dién trong may bién ap
cling nhu dién ap danh thung ctia methyl ester
nhu dé quan sat ¢ trén [8]. Tuy nhién, ddy cling
la nhugc diém cia methyl ester va cin phai
nghién ciru thém dé cai thién. So sanh véi dau
khoang, ta thiy tri sb acid ciia methyl ester b
anh hudéng manh hon boi su 1do hoa. Sau lao
hoa, tri s6 acid ciia methyl ester ting 79,2 lan
trong khi gi4 tri tuong (mg cta dau khoang ting
18,9 1an. Ngoai ra, két qua thi nghiém ciing cho
thdy tri s6 acid cia dau khoang sau ldo hoa
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cling dd vuot qud gid tri theo qui dinh
(0,36 mgKOH/g so véi 0,2 mgKOH/g).

100 )

—~ Gidi han trén: 0,6 OMoi
~ mgKOH/g (IEC 62770) mL30 héa
% 10 3,96

v/ ' Gi6i han trén: 0,2

%n mgKOH/g (IEEE C57.106)
&1
< 0,36
§3)

S e .
«20,1
& 0,019

0,01 T T 1

Methy! ester Dau khoang

Mau chét long cach dién

Hinh 8. Anh hudng cia sy 1do hoa dén tri sb acid.

4. Két luan

Nghién ctru co ban vé kha niang mg dung
lam chat long cach dién cia methyl ester da
hoan thanh. Két qua nghién ctru cho thiy wu
diém cua methyl ester, dugc diéu ché tir dau an
phé thai chira cha yéu 1a dau co, 1a do nhét rat
thap va dién 4p danh thung kha cao. Ngoai ra,
dién ap danh thung cua gidy Kraft tam methyl
ester xap xi voi truong hop tim dau khoang
cling 12 wu diém cua loai chat long nay. Tuy
nhién, nhugc diém cia chat léng nay 13 diém
déng dic cao trong khi diém chép chay lai thap.
Ngoai ra, 6 nhét va tri s6 acid ciia methyl ester
tang manh sau khi bi 1d0 hoa cling 1a nhuoc
diém cua chat 1ong nay. Do d6, huéng nghién
clru tiép theo dé cai tién methyl ester 13 hoa tron
chét long nay voi mot loai dau thuc vat khac
ciing nhu st dung phu gia chéng oxy hoéa.
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