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NGHII:EN cluU PHAN p’NG KHAU MACH QUANG
CUA DAU HAT CAY DEN ACRYLAT HOA

Lé Xuén Hién', Pam Xuan Thing, Nguyén Thi Viét Triéu
Vién Ky thudt nhiét doi, Vién Han lam Khoa hoc va Cong nghé Viét Nam
Dén Toa soan 11-3-2014

Abstract

The photocrosslinking of the coatings on the base of acrylated black seed oil (ABSO) in presence of the radical
photoinitiator 1.184 have been studied. It was shown that under UV—exposure, the acrylate groups were converted
rapidly and reached the final conversion in the range of 95 % to 99 %, depending on the acrylation degree of the oil and
nature of the acrylate group: The higher the acrylation degree, the faster the conversion. Acrylate groups were more
reactive than methacrylate groups in the reaction. It was indicated also that the gel fraction, swelling degree and relative
hardness of the photocrosslinked coatings were changed in concomitance with the conversion of acrylate groups.
Among the coatings investigated the one on the base of ABSO having 2.0 mol acrylate/mol oil showed the best gel

fraction 74 %, swelling degree 245 % and relative hardness 0.36.

Keywords: Black seed oil, acrylated vegetable oil, photocrosslinking.

1. MO PAU

Vit liéu bao v§, trang tri trén co s& dau thuc vat
acrylat hoa da va dang dugc quan tdm nghién ctu vi
két hop dugc tinh uu viét cua vat liéu cac hop chét
acrylat va dau thuc vat. Trong d6, cic hop chit
acrylat tong hop tir cac dau thyc vét c6 nhom epoxy
tu nhién dugc dac biét chu y. Kha nang khau mach
quang cua lién két doi acrylat trong dau thuc vat
acrylat hoa khi su dung chat khoi mao quang dang
goc cho phép tao hé khau mach quang voi san pham
khau mach két hop céac tinh chit ciia nhém acrylat
v6i cac tinh chat cia dau [1-4]. Bai bao nay trinh
bay mot s6 két qua nghién ctru khau mach quang hoa
hé khau mach quang trén co sé dau hat cdy den
acrylat hoa va chat khoi mao quang Irgacure 184.

2. THUC NGHIEM
2.1. Nguyén liéu va héa chit

Dau hat cdy den acrylat hoa bang axit acrylic co
ham lugng nhom acrylat 2,0 mol acrylat/mol dau
(DHCDA2,0); 1,6 mol acrylat/mol  dau
(DHCPA1,6) va bang axit metacrylic c6 ham lugng
nhéom metacrylat 1,6 mol metacrylat/mol dau
(DHCPMAL,6); 1,0 mol metacrylat/mol diu
(DHCBPMA1,0) duogc téng hop tai Vién Ky thuat
nhiét doi, Vién Han 1am Khoa hoc va Cong nghé
Viét Nam.

Chét khoi mao quang Irgacure 184 loai Ciba,
Thuy Si.
Clorofom loai P ctiia Trung Qudc.

2.2. Tao hé khiau mach quang

Hé khau mach quang duogc tao béng cach tron
déu dau hat cay den acrylat hoa voi chat khoi mao
quang Irgacure 184 (I.184) theo ti 18 khdi lugng
DHCDA/I.184 = 100/3; DHCDMA/I.184 = 100/3.

2.3. Khau mach quang

Mang khau mach quang dugc tao trén vién KBr
dé ghi ph6 hong ngoai, trén kinh dé do do cung, xéac
dinh phan gel va d¢ truong.

Maiu dugc chiéu trén may chiéu tia tir ngoai
FUSION UV model F 300S (M¥) tai Vién K¥ thuat
nhiét doi, Vién Han 1am Khoa hoc va Cong nghé Viét
Nam. Sau mdi khoang thdi gian chiéu nhat dinh xac
dinh sy bién dbi cac nhom dinh chirc cia mang bang
phd hong ngoai, xac dinh phan gel, do truong va do
ctng tuong dbi.

2.4. Cac phwong phap phan tich va thir nghiém

- Phurong phdp phan tich phé hong ngoai

Phan tich héng ngoai duoc thyc hién trén may FT-
IR, NEXUS 670, Nicolet (M¥) tai Vién K¥ thuat
nhi¢t déi, Vién Han 1am Khoa hoc va Cong nghé
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Viét Nam. Bién d6i cac nhom dinh chie cia hé khau
mach quang trong thoi gian chiéu tia tir ngoai dugc
xac dinh dwa vao su thay dbi cuong do hap thu dic
trung cua chung trén phd hong ngoai. Cac bién ddi
nay duogc xac dinh dinh Iuvgng theo phuong phap noi
chuén dya vao hép thu ctia nhom C-H no & 2927
cm’', khong thay dbi trong qua trinh chiéu tia tur
ngoai.

- Phurong phdp xdc dinh phan gel, dé trwong [5]

Mau khéi lwong m, sau khi dong ran dugc ngdm
ngay vao coc dung clorofom trong 24 gio. Phan mau
truong, khong tan can duoc khdi luong m, duoc sdy
khé dén khdi lugng khong d6i ms.

Phan gel, d6 truong dugc tinh theo cong thirc:

Phan gel (%) = [ms/m;]x100

b0 truong (%) = [m,/m;]*x100
Trong d6: my: Khéi luong mau ban dau (g);

m,: Khéi lwong mau truong, khong tan sau khi
ngam trong clorofom 24 gio¢ trude khi say kho (g);

m;! Khéi luong cia mau truong, khong tan sau
khi say kho (g).

- Bé citng twong doi

Do cimg tuong dbi duoc xac dinh bang may
ERICHSEN (PENDULUM DAMPING TESTER),
model 299/300 (Pirc) theo tiéu chuan ISO 1522 tai
Vién Ky thuat nhiét doi, Vién Han 1am Khoa hoc va
Cong ngh¢ Viét Nam.

3. KET QUA VA THAO LUAN

Lé Xudn Hién va cong sy

duoc khao sat dua vao bién d6i nhém chirc trong
hé, bién d6i phan gel, do truong va do cung tuong
doi cua mang trong qua trinh chi€u tia tir ngoai.

3.1. Nghién ciru phd hdng ngoai ciia hé khiu
mach quang trwéc va sau khi chi€u tia tir ngoai

Phé hong ngoai cua hé khau mach quang
DHCDA2,0/1.184 = 100/3 trudc va sau 6 gidy chicu
tia tr ngoai dugc trinh bay trén hinh 1.

1636.36

Truyén qua

1459.03

S6 song (cm”!)
Hinh I: Phd hong ngoai ctia hé khau mach quang
DHCDA2,0/1.184 = 100/3 trudc (a) va sau 6 gidy
chiéu tia tr ngoai (b)

Bién d6i cac hip thu dic trung cho cac nhom dinh
chire cua hé khau mach quang DHCDA2,0/1.184 =
100/3 trude va sau 6 gidy chiéu tia tir ngoai trinh bay

Qua trinh khau mach quang ctia hé nghién ctru bang 1.

Bdng 1: Bién dbi cac hap thy dic trung cho cac nhom dinh chire cua hé¢ khau mach quang
DHCDA2,0/1.184 = 100/3 trudc va sau 6 gidy chicu tia tir ngoai

) DHCPAC2.0/1.184 =100/3 | Bién dbi
S0 song . ——— — . .
(Cm-l) Dao dong dédc trung Trudce khi chi€u | Sau khi chiéu | cuong do
tia tir ngoai tia tir ngoai hép thy
3505 |Dao dong hoa tri cia nhom hydroxyl + + —
Dao dong hoa tri dbi ximg va bat d6i xing cua
2927 C-H trong -CH, * * -
1739 Dao dong hoa tri cua nhom cacbonyl + + -
1636 |Dao dong hoa tri ciia lién két doi acrylat + - N
1411 Dao dong bién dang trong mat phang cua CH, 4 ) N
acrylat
989 Dao dong bién dang ngoai mat phang ctia nhom 4 i N
CH, acrylat
Dao dong bién dang ngoai mat phang ctia nhém
811 + - N
CH, acrylat

Ghi chii:(+) C6 hip thy, (-) khéngCo hap thy, “—” khong thay dbi, “~ giam.
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Céc két qua nghién ciru phd hong ngoai néu trén
cho thy trong qua trinh khau mach quang, cuong do
hdp thy dic trung cho dao dong hoa tri cia nhom
cacbonyl tai s6 song 1739 cm™, nhom hydroxyl tai
3505 cm” va nhom metyl tai 2927 cm™ hau nhu
khong thay ddi. Cac hép thu tai sb song 1636 cm™,
1411 cm™, 989 cm™ va 811 ecm™ dic trung dao dong
hoa tri, dao dong bién dang cua lién két d6i nhom
acrylat trong cac hé khau mach quang gidam manh. Vi
vdy, di chon hép thy tai 2927 cm™ dic trung cho
nhém C-H no lam ndi chuin dé khao sat bién doi
ctia nhom acrylat tai 1411 cm™.

3.2. Anh hwéng ciia ham lwong va ban chit nhom
acrylat dén phan ung khiu mach quang

Hinh 2 trinh bay bién ddi ty sb Dis0/Dagr7 cia
cac hé khau mach quang DHCDA2,0 (e);
DHCDAL,6 (¢); DHCPDMAL,6 (A); DHCDMA1,0
(*) ¢6 ham luong va ban chit nhom acrylat khac
nhau trong qua trinh chiéu tia tir ngoai.

D 1410 / D2927
0.20

DHCDA2,0/1.184 = 100/3 : .
0.15

DHCDAL,6/1.184 = 100/3 : ¢
olo DHCDBbMAL1,6/1.184 = 100/3 : A

DHCDBMAL1,0/1.184 = 100/3 : *

0.05 4

0.00

0 1 2 3 4 5 6 7

Thoi gian chiéu tia tir ngoai (gidy)

Hinh 2: Bién dbi ty $b D1410/D2g27 cia cac hé khau
mach quang c6 ham lugng va ban chat nhém acrylat
khac nhau trong qua trinh chi€u tia tir ngoai

Tir hinh 2 ¢6 thé thay nhom acrylat clia tat ca cac
mau chuyén héa nhanh trong 0,3 gidy dau chiéu tia
to ngoai; sau doé chuyén hoa cham dan, dat do
chuyén hoa 96 %, 93 %, 90 % va 85 % sau 1,2 gidy
chiéu; it thay ddi va dat do chuyén hoéa 99 %, 96 %,
96 % va 95 % sau 6 gidy chiéu, twong tng cac hé
khau mach quang DHCDA2,0; DHCDALG;
DHCPMAL1,6; DHCPDMAL,0. Cé thé thiy, mirc do
acrylat hoa dau hat cdy den cang cao phan tng khau
mach quang xay ra cang nhanh va cac nhém acrylat
chuyén hoa nhanh hon cac nhom metacrylat. Toc do
chuyén hoa nhom acrylat ciia cic hé khau mach
quang c6 thé sip xép theo thtr tu sau: DHCDA2,0 >
DHCDPA1,6 > DHCPMA1,6 > DHCBMA1,0.

Nghién curu phan vng khau mach...
3.3. Tinh chit ciia mang khiu mach quang

- Phén gel, d6 truong

Hinh 3 trinh bay su bién ddi phan gel va do truong
cia mau DHCDA2,0(e); DHCDALG6 (¢);
DHCDbMAL,6 (A); DHCDMATL,0 (*) c6 ham luong
va ban chét nhom acrylat khac nhau trong qué trinh
chiéu tia tir ngoai.

Phin gel (%) D§ truong (% )
100

1000

DHCDPA2,0/1.184 = 100/3
DHCDMAL,6/1.184 = 100/3

e DHCDAL,6/1.184 = 100/3 .
A DHCDMAL0/ML184=100/3 *

80 A T 800

60 T 600

40 + 400

20 T 200

Thoi gian chiéu tia tir ngoai (gidy)

Hinh 3: Bién d6i phan gel va d6 truong cua cac hé
c6 ham luong va ban chat nhém acrylat khac nhau
trong qua trinh chiéu tia tir ngoai

Tu hinh 3 khi chua chiéu tia tir ngoai, cac mau
tan hoan toan trong clorofom, tirc phan gel cua hé 1a
0%, nhung sau 0,15 gidy chiéu, phan gel cia miu
DHCPA2,0 ting 1én dén 29 %, mau DHCPAL,6
tang 1én dén 25 %, mau DHCMDAI1,6 ting lén dén
24 % va mau DHCPDMAL,0 tang lén dén 22 %. Sau
3,6 gidy chiéu phan gel ting chim va sau 6 gidy
chiéu tia tr ngoai phan gel cta cac mu trén lan lugt
dat 74 %; 70,5%; 64,5 % va 62,5 %. Su bién doi do
truong ciia cac mang phil nay ciing thé hién quy luat
tuong Ung, sau 6 gidy chiéu tia tir ngoai do truong
ciia mau DHCDA2,0 giam dan tir 820 % dén 245
%, mau DHCPA1,6 giam tir 760% dén 295 %, mau
DHCMPAL,6 giam tir 750 % dén 312 % va mau
DHCPMAL,0 giam tir 640 % dén 338 %. Nhu vay,
sau 6 gidy chiéu tia tor ngoai cac hé khiu mach
quang trén co s& dau hat cay den acrylat hoa 1 rang
lién két dbi acrylat cuia dau da trung hop khau mach,
tao mang ludi khong gian ba chidu va mang phu tro
nén ran, danh. Cac két qua nghién ciru cho thiy, hé
c6 ham lugng nhom acrylat 16n mat d6 khau mach
cua mang tang va hé acrylat khau mach chat ch€ hon
hé metacrylat dan dén ting phan gel, giam do
truong.

- Po cung twong ddi

Két qua khao sat bién ddi d6 cung twong dbi cua
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mau DHCDA2,0(e); DHCDAL1,6 (¢); DHCPMAL,6
(A); DHCDMAL,0 (*) c6 ham lugng va ban chét
nhém acrylat khic nhau trong qua trinh chiéu tia tir
ngoai duoc trinh bay trén hinh 4.

Do cung tuong dbi
0.4

0.3 4

0.2 -

DHCDA2,0 e
DHCPMAL,6 A DHCPMAIL0 *

DHCDALG6 ¢

0.1

0 1 2 3 4 5 6 7
Thoi gian chiéu tia tir ngoai (gidy)
Hinh 4: Bién d6i d6 cung tuong doi cia cac h¢ co
ham lugng va ban chat nhom acrylat khac nhau
trong qua trinh chiu tia tir ngoai

Tir hinh 4 6 thé thdy, sau 6 gidy chiéu tia tr
ngoai, cac mang phu nghién ctru tir trang thai long,
dinh chuyén sang rin véi d cimg twong dbi lan luot
bang 0,36; 0,32; 0,31; 0,28. Nhu vay, mang c6 ham
lwong acrylat cao mang ludi khong gian ba chiéu tao
ra chdt ché hon mang c6 ham lugng nhoém acrylat
thip. Mang co cac hop chét acrylat khau mach chit
ch& hon mang c6 nhom metacrylat. Bién ddi d6 ctng
twong dbi ctia cic miu trén phu hop voi két qua xac
dinh phan gel, d6 truong va bién ddi ham luong
nhom acrylat trong qua trinh chiéu tia tr ngoai ¢ cac
mau nghién ctru.

4. KET LUAN
Tir cac két qua nghién ctru phd hong ngoai cua

Lién hé: Lé Xuan Hién
Vién Ky thuat nhiét doi,

Lé Xudn Hién va cong sy

mang phu trén co s& dau hat cdy den acrylat hoa véi
chat khoi mao quang 1.184 trudc va sau khi chiéu tia
tir ngoai, da lga chon dugc hép thu 1411 cm™ dic
trung cho lién két doi acrylat dé khao sat su bién doi
cua nhém dinh chirc nay theo hép thu ndi chuén tai
2927 cm™ dic trung cho lién két C-H no khong dbi
trong qua trinh chiéu tia tir ngoai.

Khi chiéu tia tir ngoai nhém acrylat chuyén hoa
nhanh chéng, dat chuyén hoa sau 6 gidy chiéu tir 95
% dén 99 % va tbc do chuyén hoa co thé sip xép
theo the tu DHCDPA2,0 > DHCbAL6 >
DHCBPMAL,6 > DHCPMAL1,0.

Phan gel, d6 truong va do cimg twong dbi cua
cac mau nghién ciru bién ddi trong qua trinh chiéu
tia tr ngoai phu hop véi chuyén hoa nhém acrylat.
Sau 6 gidy chiéu tia tir ngoai mau DHCDA2,0 cb
tinh chat ciia mang tot nhat véi do ctmg tuong doi,
phan gel, do truong dat twong tmg 0,36, 74 % va
245 %.
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