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SUMMARY

DEVELOPMENT OF AN ANALYTICAL METHOD FOR DETERMINATION OF 7
ANTIOXIDANT COMPOUNDS IN PLASTIC BY HIGH-PERFORMANCE LIQUID
CHROMATOGRAPHY

Nowadays, polymers are widely used in various fields such as food, medicine, household appliances,
packaging, etc. Most of the polymer materials are easily degraded due to the combination of free radical
reactions. Therefore, additives such as antioxidant compounds, color pigments, plasticizers, etc., have
been added during the production process. An analytical method for the determination of 7 antioxidant
compounds (irganox 1010, irganox 3114, ionox 330, irganox 1024, irganox 1035, irgafos 38, irgafos
168) in resins by ultrasonic extraction in dichloromethane solvent coupled with high-performance liquid
chromatography with diode array detector (HPLC-DAD) has been developed. The analytical method had
a wide linearity range, 0.5 -100.0 pg mL, good linearity with a correlation coefficient (R%)>0.995. The
limit of detection and limit of quantification were between 0.014 and 0.27 pg mL* and 0.087 and 0.88
ug mLL, respectively. The recovery yields at three concentrations of 0.50, 5.0 and 15.0 pg mL™ ranged
from 85.6 to 109.7 pg mL™*. Besides, the repeatability of the method was also checked with %RSD from
2.11t0 8.0. This method was applied to analyze 7 plastic samples on the market. Irganox 1010 and irgafos
168 were detected in all analyzed samples with with migrating concentrations ranging in this analytical
condition from 37.3 to 393 pug g and from 55.8 to 894 ug g, respectively.
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1. MO PAU xuét, thong thuong 1a cac hop chit khang oxy
Nhura va cac san pham lién quan dén nhya da va hoa, chit tao mau, chit hoa déo,...[2

dang dugc st dung rong rai trong moi linh vuc Hop chét khéng oxy hoa trong nhya dugc chia
nhu bao géi thuc pham, y té, d6 da dung,...Hon lam hai nhom chét chinh 14 chat khang oxy hoé
8.3 ty tan nhya da dugc san xuét trén thé gioi tir so cap va khang oxy hod thir cap . Nhimng hop
nam 1950 (. Sau d6, san lwong nhwa toan cu chat khang oxy hoa so cip dugc biét dén boi co
tang manh tir 0.35 triéu tan vao nam 1950 lén ché loai gdc tu do bang cach cho proton 4. Cac
dén 348.0 triéu tan vao nam 2017 M. Tuy nhién, hop chat chinh ctia nhom nay thuong 1a cac
hau hét cac vat liéu nhya déu dé bj phan huy do phenolic bi can tr& khong gian bdi cac nhom
su két hop cua cac phan tmg tao gdc tw do trong tert-butyl dugc gén trén vong phenol va céc aryl
cac diéu kién nhu nhiét d0, blrc xa tia cuc tim amine thir ce“ip (Hinh 1). Trong khi do, chét
hoic do tac dong co hoc 231, Do d6, dé bao vé khang oxy hoa thir cip duoc biét dén 1a chat
va kéo dai thoi gian st dung cua vét licu, chét phén huy peroxide, chung thuong bao gém cac
phu gia da dugc thém vao trong qud trinh san organophosphite va thioester [ (Hinh 1).

39



OH
)O:gj/k
HO. o o o OH
O O

Irganox 1010 Irgafos 168
Hinh 1. Céng thirc cdu tao ciia irganox 1010
va irgafos 168
Bén canh nhirng lgi ich ma cac chat phu gia nay
mang lai thi viéc st dung nhiing hop chat nay
khong kiém soat ciing 1a vin dé dang lo ngai dén
strc khoé con nguoi ¥, Do d6, ngay nay nhu cau
vé phén tich cac thanh phan cta cac phu gia
trong nhya dang ngay cang dugc quan tdm. Bo
Li va cong sy da phat trién phuong phap xéc
dinh ham lugng 4 hop chat khang oxy hoa, 9
hop chit én dinh tia cyuc tim, 12 chét 1am chét
déo phtalate, va 2 hop chit tao photoinique
trong bao bi thyc phdm bang phuong phap chiét
dung moi (ASE) véi acetonitrile ¢ 100°C phéan
tich trén hé thbng HPLC-DAD €. Bén canh do,
Hang Wang va cong su d chi ra duoc rang chiét
siéu am nhya véi dung moi dichloromethan &
25°C 1a t6i wu d6i v6i hop chét phu gia nhu
irganox 1010, irganox 1076, irgafos 168,...1 O
mot nghién ctru khac, Bo Li da chi ra dugc diéu
kién dé li trich cac hop chit khang oxy hoa ra

khoi nén méu nhua bing phuong phap hoa tan
bao bi v6i dung mdi toluene va két tua lai bang
methanol 12 t&i wu hon so v&i phuong phap chiét
siéu Am véi acetonitrile hay dichloromethane I,
Tuy nhién, ¢ Viét Nam viéc phan tich dong thoi
céc hop chit khang oxy hoa trong nhya con han
ché, nén co it co s& dé cho théy duoc hiéu qua
clia cac chit khang oxy hoa trong qua trinh tao
polymer ciing nhu kiém tra ham luong cua san
pham cudi ciing dé dam bao strc khoé cho ngudi
st dung. Trudc thyc trang d6, trong nghién ctru
nay chung t6i tién hanh tdi wu hoa diéu kién
phan tich ham lugng 7 hop chat khang oxy hod
trong nhya (Bang 1) don gian va c6 thé dp dung
dé phén tich nhanh v&i d6 1ap va dé chinh xac
cao. Céc diéu kién duoc tdi vu nhu diéu kién li
trich chat khang oxy hoa ra khoi nén mau nhya
va diéu kién van hanh may HPLC-DAD don
gian va c6 thé ap dung dugc & nhiéu phong thi
nghi¢ém khéc nhau.

2. THUC NGHIEM VA PHUONG PHAP
2.1. Péi twong nghién cieu

Mau nhya sir dung dé tbi vu didu kién chiét va
thim dinh phuong phap duoc cung cip bai
Cong ty Hyosung, chi nhanh Viing Tau. 7 mau
nhya phan tich trén thi trudng dugc mua tai cac
siéu thi. Mau duge cét nho khoang 0.3 mm,
dung trong thi ziplock va dé & nhiét do6 phong
dén khi phan tich.

Bang 1. Théng tin vé T hop chdt khang oxy hod trong nghién cieu nay

Loai chit
khang oxy Ky hiéu Tén hoa hoc CAS no
ho&
Irganox Pentaerythrltyl—tetrak_ls(3,5-d|—tert—butyl-4- 6683-19-8
1010 hydroxyphenyl) propionate
Irganox 1,_3,5_-Tr|s(3,5—d|—tert—butyl-Af—hydroxybenzyl)s— 27676-62-6
3114 triazine 2,4,6-(1H, 3H,5H)trione
hét kha 1,3,5-Trimethyl-2,4,6-tris(3,5-di-tert-butyl-4-
Chat ’ang lonox 330 ,3,5-Trimethyl-2,4,6-tris(3,5-di-tert-buty 1709-70-2
oxy hoa so hydroxybenzyl)benzene
a [ 1,2-Bis(3,5-di-tert-butyl-4-
cap rganox ,2-Bis(3,5-di t_ert buty _ 32687-78-8
1024 hydroxyhydrocinnamoyl)hydrazine
Iraanox 3,5-Bis(1,1-dimethylethyl)-4-
3035 hydroxybenzenepropanoic acid thiodi-2,1- 41484-35-9
ethanediyl ester
. Bis(2,4-di-tert-butyl-6-methyl phenyl) ethyl
Chit khing | Irgafos 38 | 0 o(&4-di-tert-butyl-6-methyl phenyl) ethy 145650-60-8
o phosphite
oxy hoa thir roafos
cép ? 68 Tris(2,4-di-tert-butylphenyl) phosphite 31570-04-4




2.2. Hoa chat va thiét bi

Thiét bi HPLC-UV dau do DAD 1200 series ciia
Agilent; cot phan tich Intertsil ODS (C18; 5 um;
4 x 250 mm); can phan tich 5 s6 1é (Sartorius,
Dric); bé siéu am.

Acetonitrile HPLC (Scharlau, Tay Ban Nha),
isopropanol HPLC (Scharlau, Tay Ban Nha),
toluene  (Scharlau, Tay Ban  Nha),
dichloromethane (Labscan, Thai Lan), nuéc cat
hai lan.

2.3. Phuong phap xir li miu

Dé khao sat va danh gia diéu kién ly trich chat
phan tich ra khoi nén mau nhya, ching toi thuc
hién phuong phap chiét hoan luu va chiét siéu
am voi cac quy trinh nhu sau:

Quy trinh 1: mau dugc can 1 ( 0.0) vao binh
cdu 50 mL, sau d6 thém 30.0 mL dung dich
dichloromethane, va chiét hoan luu & 60 °C
trong 24 gid. Sau khi chiét, dung dich duoc
trang rira bang dichloromethane sau d6 lam kho
bang hé théng c6 quay chan khong va dinh mirc
[én 25 mL.

Quy trinh 2: mau duogc can 1 (+ 0.0) g vao binh
chiét hoan luu, sau d6 thém 10.0 mL dung dich
toluene, va chiét hoan luu ¢ nhiét do phong
trong 24 gid. Sau khi chiét, binh chira mau dugc
trang rira bang toluene va dinh mic 1én 25 mL.
Quy trinh 3: mau dugc can 0.2 ( 0.00) g vao
ong COD, sau d6 thém 5.0 mL dung dich
dichloromethane va ngdm trong vong 48 gio.
Sau khi ngdm, mau dwoc chiét siéu am trong
vong 1 gid & nhiét do phong. Sau d6, dng chira
méu dugc trang rira bang dichloromethane va
dinh murc Ién 10 mL.

Sau khi dinh mirc, dung dich mau duoc thoi kho,
pha lodng véi acetonitrile va loc qua mang loc
0.45 um trude khi phan tich trén hé théng HPLC
- DAD.

2.4. Piéu kién phan tich

Qué trinh phan tich duoc thyc hién bing phuong
phdp HPLC-DAD tai bugc séng 225 nm, nhiét
d6 10 cot 1a 60 °C, pha dong duoc sir dung 1a hon
hop acetonitrile-nude (9:1, v/v) (kénh A) va
isopropanol (kénh B) v&i chuong trinh phén tich
dugc trinh bay trong Bang 2.
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Bang 2. Chuong trinh pha dong cho sdc ky

Thoi gian \Tﬁc do
(phtit) % B dong '(mL/

phut)

11 0 0.5

12 25 1.0

24 25 1.0

25 50 1.0

31 50 1.0

35 0 1.0

3. KET QUA VA THAO LUAN

3.1. Téi wu diéu ki¢n trich ly

Mau nhwa c6 ham lugng irganox 1010 va
irgafos 168 duoc cung cp boi cong ty Hyosung
duogc st dung dé khao sat cac diéu kién trich ly
cac hop chit khang oxy ho4 ra khoi nén miu
nhya. Két qua ham luong cuia irganox 1010 va
irgafos 168 trong 3 quy trinh xir 1i mau dugc thé
hién trong Hinh 2. Quy trinh 1 cho thidy ham
luong cua irganox 1010 va irgafos 168 lan luot
la 228.98 va 434.03 pg g, gié tri nay thap hon
s0 v6i quy trinh 3. Di voi quy trinh 2, trong
nghién ctru nay chung toi nhan thay c6 sy phan
huy irgafos 168 nén ham lugng irgafos 168 thu
dugc voi % RSD cao (n = 3), 22 %. Dé kiém tra
irgafos 168 c6 thyc sy phan huy trong diéu kién
ctia quy trinh 2, chiing t6i tién hanh thyc hién
thém chuin vao dung moéi toluene va xir li trong
diéu kién twong tu. Két qua cho thiy irgafos 168
bi phan huy trong didu kién nay. Pay c6 thé 1a 1
trong 2 san pham phan huy cua irgafos 168 ma
Yan Yan va cong sy da bao cao vao nam 2018
31, Két qua cho thay, quy trinh 3 dwgc xem la t6i
vu nhit dé trich ly cac hop chét khang oxy hoé
trong nhyua véi ham lugng cua irganox 1010 va
irgafos 168 1an luot 1 285.51va 490.67 ug g
va % RSD (n = 3) tuong mg 1a 1.7 va 1.4. Két
qua phén tich dbi voi quy trinh 3 cho d6 6n dinh
t6t v6i % RSD (n = 3) nam trong khoang cho
phép theo Phu luc F ciia AOAC P, Két qua ctia
nghién ciru nay gidng véi két qua cua Hang
Wang va cong su khi chon chiét siéu am vat liéu
nhya véi dicloromethane ¢ 25°C dugc ap dung
1a t6i wu M1,
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Hinh 2. Ham luwong cua irganox 1010 va
irgafos 168 tir 3 quy trinh khdo sat
Bén canh d6, dung dich chuan hdn hop 5 pug mL-
! dugc thém vao dé danh gia ¢ 6n dinh cua cac
hop chat phan tich trong diéu kién xir li mau.
Két qua cho thiy ring, quy trinh 3 cho thiy duéi
nhiét do phong va diéu kién song siéu am thi 7
hop chit phan tich c6 do 6n dinh tét véi gia tri

d6 léch chuan turong d6i % RSD tir 0.48 dén 2.5
%, gia tri nay nam trong khoang cho phép clia
Phu luc F ciia AOAC vé d6 6n dinh . Do do,
nghién ciru nay chung toi chon quy trinh 3 dé
danh gia kha ning di chuyén ctia ham lugng 7
hop chat khang oxy hod trén thi truong ra khoi
nén mau nhua.

3.2. Thim dinh phwong phap

3.2.1. Khodng tuyén tinh

Tiém 7 dung dich chuan hdn hop gom 7 hop
chit khang oxy hoa trong nhya tir ndng d¢ 0.5 -
100.0 pg mL%. Két qua dudng chuan duoc trinh
bay trong Bang 3 va Hinh 3.

Trong d6, y 14 dién tich tin hidu va x 14 ndng do
ctia chat phan tich (ug mL). Két qua cho thdy
hé s6 tuong quan (R?) déu 16n hon 0.995, nén
dudng chuan c6 do tuyén tinh dat yéu cau trong
phén tich.

Bang 3. Két qua xdy dung dwong chuan ciia T hop chdt phan

Chi tidu Phwong trinh dwong chuin HE so t?gzl;g quan | o bi gian luu (phtit)
Irfg;;)x y = (7743 £ 0.87)x+ (2 £ 36) 0.9999 5.3

Irgafos 38 y = (69.84 £ 0.85)x + (30 £ 45) 0.9999 6.6
'rfggsx y = (35.05 + 0.40)x + (11 +18) 0.9999 117
Irgfffx y = (3812 + 0.55)x + (9 + 25) 0.9998 150
"fg{‘g X y = (29.84 +0.55)x — (8 + 14) 0.9999 178

lonox 330 y = (81.86 + 1.0)x — (32 + 54) 0.9999 203

Irgafos 168 y = (63.12 £ 0.79)x — (24 * 34) 0.9999 29.1

Irganox 3114

Irgafos 38

Irganox 1024

Irganox 1035

| -

Irganox 1010

|-
|

Tonox 330

Irgafos 168

|

Hinh 3. Sdc ky do dwong chudn ciia T hop chdt khdang oxy hod trong nhua
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3.2.2. Dy diing
Do dung ciia phuong phap duge danh gia bang
céch thém chuan mau & ba nong d6 0.5, 5.0 va
15.0 pg mL™1, mdi ndng d6 dugce thuc hién 3 1an,
sau d6 tién hanh xtr li miu nhu quy trinh da tbi
wu. Két qua thu dugc trong Bang 4 cho thiy
hiéu suit thu hoi (%) tai ba mirc thém chuan
khac nhau déu phu hop véi quy dinh theo Phu
luc F ciia AOAC 1,

Bdng 4. Hi¢u sudt thu théi tai ba mirc néng o

0.50; 5.00 va 15.00 pg mL?

Mirc thém
chuén
(hg mL™)
Irganox 1024/85.6 £ 2.6{109.7 + 3.9/99.0 + 2.9

Irgafos 38 [94.3+1.2/104.6 +4.7/94.8+ 2.4
Irganox 103594.1 + 2.0{102.4 + 4.5/99.4 + 2.2
Irganox 3114/96.2 + 3.1{105.2 + 2.597.4 + 4.4
Irganox 101087.0 £+ 4.4|95.6 +3.0|97.0+ 1.6

lonox 1330 [99.6 + 7.5/96.7 + 3.4|96.6 + 1.9

Irgafos 168 |96.3 £5.6{97.7+1.9(98.8 + 2.4
3.2.3. Gigi hgn phat hign (LOD) va gidi hgn
dinh lwong (LOQ)

Tién hanh tiém ldp 6 1an diém chuan c6 nong do
khoang 0.10 pug mL™, céac gia tri LOD va LOQ
dugc tinh theo cong thue LOD = 3*SD va LOQ
=10*SD. Trong d6, SD 1a do léch chuan cua
chét phan tich. Cac gia tri dugc thé hién trén
Bang 5.

Bdng 5. Gidi han phat hién (LOD) va gidi han

dinh heong ciia thié t bi (LOQ)

0.50 5.00 15.00

Chi tiéu LOD LOQ
(ngmL™) | (pgmL*)

Irganox 1024 0.099 0.33
Irgafos 38 0.026 0.087
Irganox 1035 0.014 0.045
Irganox 3114 0.17 0.57
Irganox 1010 0.27 0.88
lonox 1330 0.12 0.41
Irgafos 168 0.10 0.34
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3.2.4. B¢ lgp va tai lap
Gié tri % RSD (n = 6) cia mau dugc thém chuin
v6indng d6 5 pg mL? dé kiém tra do lap trong
mot ngay. DJ tai lap duogc kiém tra trong diéu
kién hai ngay khac nhau véi diéu kién phan tich
khac nhau. Sau d6 phép phén tich phuong sai
mdt chidu (ANOVA-one way) dugc sir dung dé
kiém tra sy dong nhat. Két qua cho thay rang
céc tri % RSD tir 2.1 dén 8.0 % déu nam trong
khoang cho phép theo Phu luc F c¢tia AOAC P,
Bén canh d6, gia tri p tinh dugc tir phép phan
tich phwong sai mot chiéu déu 16n hon 0.05, cho
thiy khong c6 su khac biét dang ké trong hai
ngay. Do do, d¢ tai lap cia phuong phap dugc
chap nhan.
3.3. Phan tich ham lweng chit khang oxy hoé
ciia mau trén thi treong
Quy trinh sau khi thim dinh dwoc ap dung dé
xéac dinh ham luong cua 7 hop chit khang oxy
hoa trong nhya trong 7 mau nhya duoc mua trén
thi truong. Hinh 4 thé hién ham luong cua cac
hop chat khang oxy hoa ctia mau nhya trén thi
truong.

1000

EE  |rganox 1010
8004 Irgafos 168
600

400

Ham luong (ug/g)

200

o-1MZ
Maul Mau2 Miu3 Miu4 Miu5 Mau6 Miu7

Hinh 4. Ham luong irganox 1010 va irgafos
168 trong madu

Qua két qua phan tich cho thdy, hau hét cac mau
nhya trén thi truong chira hai hop chat khang
oxy hoa chii yéu 14 irganox 1010 va irgafos 168.
Céc gié tri di chuyén ra khoi nén mau nhwa trong
diéu kién phan tich dao dong tir 37.3 dén 393 pg
gt db6i voi irganox 1010 va tir 55.9 dén 894 pg
gt dbi véi irgafos 168. Tuy nhién, ham lugng
ctia hai hgp chat nay van nam trong pham vi cho
phép theo quy dinh ctia Cuc quan li Thuc phdm
va Duoc phim Hoa Ky [0,

4. KET LUAN

Trong nghién ctru nay, phuong phéap thich hop
dé trich li chat phan tich, dinh lugng 7 hop chat
khang oxy hoa trong nhya da dugc xay dung.
Phuong phap nay bao gdm sir dung song siéu



am trong qua trinh trich ly 7 hop chat khang oxy
hod ra khoi nén mau nhwa cho két qua 6n dinh.
Két qua thim dinh phuong phap vdi khoang
tuyén tinh rong tir 0.5 — 100.0 pg mLL, d6 tuyén
tinh tot (R? > 0.995). Gi6i han phat hién va giGi
han dinh lugng ctia phuong phap ddi véi 7 hop
chat phan tich lan luot 13 tir 0.014 dén 0.27 pg
mL? va tir 0.087 dén 0.88 pg mLL. Hiéu sut
thu hoi ¢ ba mirc ddng do 0.50, 5.0 va 15.0 pg
mL! déu nim trong khoang cho phép Phu luc
F clia AOAC, déu dat trén 80%.
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