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Tom tat

Anh huéng cta ty 1é khéi lwong nhua epoxidimetacrylat (EDMA) va monome 1,6- hexandiol diacrylat
(HDDA) dén phan tng va tinh chat cia I6p phi khdu mach bang tia tir ngoai da duwoc nghién ciru. Cac két
qua thu duwoc cho thay ty 16 EDMA/HDDA gidm ttr 80/20 dén 20/80 lam téng téc dé phan tng clda nhém
acrylat khi chiéu tia tir ngoai. Cac hé cé ty 16 EDMA/HDDA tir 60/40 dén 40/60 dé gia cong, tao mang dep
trén kinh va thép CT3. Cac mang nay cé sw khac biét ré rang vé dé ciing tirong dbi sau 0,3 gidy chiéu tia to
ngoai nhung khéng cé sw khac biét dang ké vé tinh chéat sau 1,2 gidy chiéu véi phén gel, do triong, d6
ctrng twong dbi, d6 bén va dép, do bén ubn, dé bam dinh va do bong & géc 60° twong ting la 92 %;
476 =457 %; 0,92 +0,90; 20 + 30 KG.cm; 20 mm; diém 5 va 100 %.

Twr Khéa: Khau mach quang, nhwa epoxy dimetacrylat, 1,6 hexandiol diacrylat
Abstract

Influence of the weight ratio of an epoxidimethacrylate oligomer (EDMA) and 1,6 hexanediol diacrylate
monomer (HDDA) on photocrosslinking and properties of UV-cured coatings have been studied. The
obtained results showed that the decrease of the EDMA/HDDA ratio from 80/20 to 20/80 led to an increase
in the rate of consumption of acrylate groups upon UV-exposure. The systems with EDMA/HDDA ratios
ranged from 60/40 to 40/60 can be easily applied to form fine coatings on glass and steel CT3. These
coatings have an obvious difference in relative hardness after 0.3 s of UV-exposure but no significant
difference in properties after 1.2 s of irradiation with gel fraction, swelling degree, relative hardness, impact
resistance, flexibility, adhesion and gloss at 60 ° of 92 %, 476 + 457 %,; 0.92 +0.90; 20 + 30 KG.cm; 20 mm;

point of 5 and 100 %.
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1. Mé diu

Nho ¢6 cac vu diém ndi bat nhu nang suét cao,
san phém ¢6 tinh nang tét, than thién véi moi trudng,
tiét kiém nang lugng va dién tich v.v..., phuong phap
tao 16p phu dong ran bang tia tir ngoai di va dang co
tmg dung rong rii trong nhiéu linh vuc ky thuat va
doi séng véi ting truong trung binh ndm cia vat lidu
nay tir 6,4% dén 13,5% trong giai doan tir 2018 dén
2020. Trong d6 tang truong trong linh vuc son cong
nghi¢p khoang 12% [1-2].

Hién nay, phan 16n vat liéu dung lam 16p phu
hiru co dong rin bang tia tir ngoai c¢6 ba thanh phan
chinh: oligome, monome c6 hai hay nhiéu nhom
acrylat va chat khoi mao quang theo co ché gbc tu do
[1-5]. Duéi tic dung cua tia tir ngoai, chat khoi mao
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phan quang tao thanh cic gbc tu do khoi mao cho
phén (g trung hop céc lién ket doi acrylat theo co
ché gbc ty do. Qua trinh phat trién mach trong hé co
cic phan tir v6i nhiéu nhom acrylat dan dén phan
nhanh mach phat trién, tao mang ludi polyme khong
gian ba chiéu va két thuc bang phan ung ngit mach.
Vé mit 1y thuyét, nguoi ta biét rang phan Ung va tinh
chat cia mang khau mach phu thudc vao nhiéu yéu tb
nhu ban chat hoa hoc va ham lugng cac hop phan
trong hé khau mach, cudng do va thoi gian chiéu tia
tr ngoai v.v... Tuy nhién, khong phai Iic nao nguoi ta
cling c6 thé tim thiy cac sb liéu dinh luong cua mbi
quan hé nay déi véi nhiéu hé khau mach bang tia tur
ngoai c6 ing dung cu thé trong thuc tién. Vi vay, day
cling 1a van dé ludn thu hat sy quan tam cua nhiéu
nha nghién ctru va san xuit v6i mong moi co hiéu
biét day du va sau hon vé ban chit cua qua trinh, dap
g céc nhu cau cua thyc tién [3-8].
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Bang 1. Ty 1€ khéi lwong cac hop phan va néng d6 nhém acrylat trong cac hé khau mach quang nghién cuu.

TT H¢ khau mach quang Phan khéi lwong cac hop phan Néng d6 nhom acrylat ban
EDMA/HDDA/I. 184 EDMA HDDA 1.184 dau (mol/kg)
1 80/20/3 80 20 3 4,65
2 60/40/3 60 40 3 5,64
3 50/50/3 50 50 3 6,13
4 40/60/3 40 60 3 6,62
5 20/80/3 20 80 3 7,61

Bai bao nay trinh bay anh huéng cua ty 16 khdi
lugng oligome epoxidimetacrylat va monome 1,6-
hexandiol diacrylat dén phan tmg va tinh chat cua 16p
phit khau mach bang tia tir ngoai.

2. Thue nghiém
2.1. Vit liéu

Trong cong trinh da sir dung epoxidimetacrylat
oligome trén co s& diglyxidyl ete cua bisphenol A
(EDMA) ¢6 khéi lugng phan tir trung binh khéi 530
do hing Kyoeisha (Nhat) cung cip, monome
1,6-hexandiol diacrylat (HDDA) cia UCB chemical
(Bi), Chat khoi mao quang theo co ché gbc loai
o~ hydroxyl ankyl phenyl xeton c6 tén thuong mai la
Irgacure 184 (1.184) cua Ciba Specialty Chemicals
(Thuy Si), Axeton va Cloroform loai PA (Trung

Qubc).
2.2. Phwong phdp tao méu

Céc hé khau mach quang nghién ctru dugc ché
tao bang cach tron déu EDMA, HDDA, 1.184 theo ty
1¢ khdi luong trinh bay trén bang 1; dugc tao mang
day 10 pm trén bé miat vién KBr dé phan tich hong
ngoai va day 30 pm trén bé mit cac tim thép CT3 va
kinh dé phan tich phan gel, d6 truong, cic tinh chit
co ly va do bong bang cac con lin tao chiéu day
chuyén dung Spiral Film Applicator (Erichsen model
358) [3,8.,9].

2.3. Khdu mach quang

Céac miu dugc chiéu tia tir ngoai bang thiét bi
FUSION UV model F 300S (M¥) voi den thuy ngén
4p suit trung binh co6 cudng dO anh sang 250
mW/cm?,

2.4. Phan tich, thir nghi¢m

Toan bd phan phan tich, thir nghiém trong
khuon khd cong trinh nay dugc thuc hién tai Vién k¥
thuat nhiét déi, Vién Han 1am khoa hoc va cong ngh¢
Viét Nam theo cac phuong phap di duoc cong bd
[3,8.9].

Phan tich hong ngoai dugc thyc hién bang may

do phd hdng ngoai FT-IR spectrophotometer
(NEXUS 670 cua Nicolet).
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Pé xac dinh phan gel va do truong, mau nghién
cttu dugc cho vao cloroform va ngdm & nhiét do
thuong. Sau 24 gid phan tan duoc tach khoi phin
khong tan bang cach loc qua gidy loc. Phin khong tan
dugc sdy o 40 °C dén khoi lugng khong dbi. Phan gel
va d¢ truong dugc tinh nhu sau:

[ma/mo] * 100 (%)
100 (%)

Phan gel =

Do truong = [m/m>] %

O day: my la khdi luong miu ban déu (g). m;, m;
1a khéi lugng phan khong tan trudc va sau khi sdy
dén khéi luong khong dbi.

b6 cung Persoz, 6 bén va dap, d6 bam dinh, d6
bén ubn va do bong ciia mang khau mach bang tia tir
ngoai duoc x4c dinh bang cac dung cu do twong tng
theo cac tiéu chuin duoc chi din cua nha san xuét
dung cu nhu PENDULUM DAMPING TESTER
(model 300), NFT 30-16, Impact tester (model 304),
ISO 6272, Elcometer cross Hatch cutter, ISO 2409,
Flexibility tester (model HII" 1), TOCT 6806-53,
Gloss meter (Progloss 3, model 503), ISO 2813. B¢
clmg tuong dbi cua cic mang phu nghién ctru duge
tinh bang ty s6 cua do cung Persoz cia ching va
425 giy, 1a do ctng persos cua tim kinh chuén.

3. Két qua va thao luin

3.1. Pho hong ngoai cia cdc mang phii nghién ciru
trudc va sau khi chiéu tia tir ngoai

_ Pho hong ngoai ciia mang phii véi ty 1¢ cac hop
phan EDMA/HDDA/L.184 = 50/50/3 trudc va sau
14,4 gidy chiéu tia tir ngoai dugc trinh bay trén hinh
1.

Tir hinh 1 ¢6 thé thdy cuong do cac hap thu tai
1616 cm™! (dao dong hoa trj cta lién két doi acrylat),
1409 cm! (dao dong bién dang cua nhom = CH,
trong nhom acrylat), 983 cm (dao dong lic cua
nhoém =CH, trong nhom acrylat) va 812 cm’' (dao
dong xoin ctia nhém =CH, trong nhom acrylat)
[3,8,10] giam manh sau khi chiéu tia tir ngoai. Trong
khi d6, cuong d6 cac hap thu tai 1723 cm™ (dao dong
hoa tri ciia nhém C=0) va 1510 cm™ (dao dong bién
dang C-H cua vong thom) [3,8,10] hau nhu khong
thay d6i sau khi chiéu. Cac hap thu tai 983 cm™ va
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1723 cm! rt 1 rang va khong bi chong lan boi cac
hap thu bén canh. Do o, hép thu tai 983 cm™ dugc
lya chon dé danh gia mot cach dinh lugng bién doi
ctia nhém acrylat trong qué trinh chiéu tia tir ngoai.
Hép thy tai 1723 em™ dugce sir dung 1am ndi chudn dé
danh gia dinh luong bién doi ciia nhom acrylat. Nong
d6 nhom acrylat trong mang phu & thoi diém t chiéu
tia tir ngoai C;duogc tinh nhu sau [3,8]:

|:DAcrylat :|
Ct — COX D1723 t
|:DAcrylat :|

D1723 0

O day:
- C, 1a ndng d9 nhom acrylat trong mang phi
trudce khi chicu tia tir ngoai.

- [Dacyia/D1723]0 Vi [Dacryia/Di723)c 14 ty sb cua
cac mat do quang cua hép thu ctia nhém acrylat tai
983 ¢cm™! va cuia nhém cacbonyl tai 1723 cm™! truéc
va sau t gidy chiéu tia tir ngoai.
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Hinh 1. Ph6 hong ngoai cua mang phua

EDMA/HDDA/IL.184 = 50/50/3 trugc (a) va sau 14,4
gidy chiéu tia tr ngoai (b).

3.2. Bién déi ciia nhém acrylat trong qud trinh
chiéu tia tir ngoai

Bién d6i ciia nhom acrylat trong cac mang phi
c6 ty 16 EDMA/HDDA khéac nhau trong qua trinh
chiéu tia tir ngoai dugc trinh bay trén hinh 2.

Tir hinh 2 ta thiy nhom acrylat chuyén hoa rat
nhanh trong 0,15 gidy dau chiéu tia tur ngoai, sau do
cham dén va it thay ddi sau 2,4 gidy chiéu. O cac thoi
diém nay nong d6 nhom acrylat con lai trong cac mau
nghién ctru khac nhau khong nhiéu. Tuy nhién, su
khac biét vé ty 16 EDMA/HDDA ciing nhu ndng d6
nhém acrylat ban déu trong cac mau dan dén khac
biét 16n vé tdc do chuyén héa nhém acrylat: Lugng
nhom acrylat chuyén héa trong cic mang c6 ty 18
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EDMA/HDDA bing 80/20, 60/40, 50/50, 40/60 va
20/80 sau 1,2 va 2,4 gidy chiéu tuwong ung la 3,95;
4,83; 5,31; 5,72; 6,64 va 4,07; 5,02; 5,44; 5,85 va
6,80.

8
éﬁ 7 EDMA/HDDA/L.184
S 6 —— 80/20/3
E 51 —=— 60/40/3
a—. L
& 41 —— 50/50/3
g 3 —— 40/60/3
=
o, —— 20/80/3
S 1
Z
0 24 48 72 96 12 144
Thoi gian chiéu tia tir ngoai (gidy)

Hinh 2. Bién d6i ciia nhom acrylat trong céc
mang phu co ty 16 EDMA/HDDA khac nhau trong
qua trinh chiéu tia tr ngoai

C6 thé thay ham lugng HDDA trong phbi liéu
cang nhiéu, tbc d6 chuyén hoéa nhom acrylat cing
cao, dic biét ¢ giai doan dau cua qué trinh chiéu tia ttr
ngoai. RS rang, ting ham lugng HDDA trong phdi
liéu lam ting ndng d6 nhom acrylat ban dau, giam do
nhét va tang d6 linh dong clia cac phan tir trong hé
dan dén tang van tc phan ung cia nhom acrylat. Cac
két qua tuong tu ciing thu dugc khi ngién ctru phan
ung khau mach quang «cia hé Uretan
diacrylat/HDDA/I.184. Tuy nhién, trong cing diéu
kién thyc nghiém va ty phan khoi lugng cac hgp phan
trong don phdi lidu, do khdi lwong phan tir trung binh
khéi cia EDMA (530), thap hon cua uretan diacrylat
(1200) nén h¢ véi EDMA c¢6 ham lugng nhém acrylat
ban dau cao hon va linh dong hon, tde dd phan tng
cia nhom acrylat cao hon trong h¢ c6 uretan
diacrylat [8].

3.3. Bién doi phan gel va dj truong

Bién d6i phan gel va d¢ truong ctia mang phii co
ty 1& cac hop phan EDMA/HDDA/I.184 = 50/50/3
trong qua trinh chiéu tia tir ngoai dugc trinh bay trén
hinh 3.

Tir hinh 3 ¢6 thé thay phan gel va d6 truong cua
mang phu EDMA/HDDA/I.184 = 50/50/3 bién dbi
trong qua trinh chiéu tia tir ngoai phu hop véi két qua
nghién ctru bién d6i nhoém acrylat trong mang phu
(Hinh 2). Trong 1,2 gidy dau chiéu tia tir ngoai phan
gel tang nhanh, dat gia tri 92% trong khi d6 truong
giam manh, con 461 %. Sau d6, phan gel va do
truong tiép tuc thay ddi voi tée do cham dan, dat cac
gi4 tri trong (mg 96% va 359 % sau 9,6 gidy chiéu.
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Hinh 3. Bién ddi phan gel va do truong cua mang
phu co ty 1€ cac hgp phan EDMA/HDDA/I.184 =
50/50/3 trong qua trinh chiéu tia tir ngoai
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Hinh 4. Bién d6i do cung tuong dbi cua mang phu ¢
cac ty 16 EDMA/HDDA/I.184 khac nhau trong qua
trinh chiéu tia tr ngoai

3.4. Mt sé tinh chit ciia mang phii khdau mach

Thyc nghiém cho thiy co6 thé d& dang tao mang
phu lién tuc, phang trén kinh va thép CT3 tir cac hé
¢6 ty 1& EDMA/HDDA trong khoang 60/40 dén
40/60. H¢ co ty 1¢ EDMA/HDDA = 80/20 dac, kho
tao mang phang, trong khi hé véi ty 16 EDMA/HDDA
=20/80 lai qua loang, mang rat dé bi co, khé phir déu
trén bé mat thuy tinh va thép CT3. Vi vdy, trong phan
nay chi nghién ctru mot s6 tinh chét ciia mang phi
khau mach c6 ty 18 EDMA/HDDA tir 60/40 dén
40/60.

Bién d6i do cimg twong d6i cua mang phu co
cac ty 16 EDMA/HDDA/I.184 khéac nhau trong qua
trinh chicu tia tir ngoai dugc trinh bay trén hinh 4.

C6 thé thiy trén hinh 4, khi chiéu tia tir ngoai,
d6 cimg tuong d6i ciia cac mang nghién ciru bién ddi
phu hop véi cac két qua xac dinh ndéng d6 nhém
acrylat (hinh 2), phan gel va d6 trwong (hinh 3): Tang
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nhanh trong 0,3 gidy dau, cham dan va it thay doi sau
2,4 gidy chicu.

Cac mang phua sau 0,15 gidy dau chiéu tia tir
ngoai c¢6 do cimg twong dbi khac nhau rd rét: HDDA
cang nhiéu, do clg clia mang cang thip. Tuy nhién
su khac biét nay da giam dang ké sau 0,3 gidy chiéu.
Sau 0,6 gidy chiéu tia tir ngoai khong ¢ khac biét do
clng dang ké giita cac mang nghién ctru.

Mot s6 tinh chat cia cic mang phi co ty 18
EDMA bang 60/40, 50/50 va 40/60 duoc trinh bay &
bang 2.

Céc két qua trinh bay trong bang 2 cho thdy sau
1,2 gidy céc tinh chét cia mang phu it thay doi khi
tiép tuc chiéu tia tor ngoai. Thay doéi ty 18
EDMA/HDDA tir 60/40 dén 40/60 khéng c6 anh
hudng dang ké dén cac tinh chét co, 1y cia mang phu
nghién ctu.

Khéc v6i cac két qua nghién ctru hé khau mach
quang EDMA/HDDA/.184, ty 1¢ Uretan
diacrylattHDDA trong hé Uretan
diacrylattHDDA/I.184 tang lam giam d¢ cing tuong
dbi, ting d6 bén udn cua mang khau mach quang
trong cung diéu kién thuc nghiém [8]. RS rang sy
khac biét vé cdu trac phan tir cia EDMA (khéi lugng
phan tir trung binh khdi 530, mach kém linh dong do
¢6 nhiéu vong thom) va uretan diacrylat (khbi lugng
phan tir trung binh khdi 1200, mach céc-bua hydro
thang linh dong) 12 nguyén nhan cua sy khac biét vé
tinh chat cia cac mang khau mach bang tia tir ngoai
néu trén.

Céc két qua thu dugc trén hinh 4 va bang 2 ¢6
thé giai thich nhu sau: Duéi tac dung cua tia tir ngoai,
cac phan tir cht khoi mao quang 1.184 bi phan quang
tao ra cac goc ty do khoi mao cho phan img tring
hop cua cac lién két d6i acrylat theo co ché gdc tur do.
Vi mdi phan tr EDMA va HDDA déu c6 2 nhém
acrylat nén qua trinh phat trién mach nhanh chéng
dan dén phan nhanh mach phat trién va tao mang ludi
khong gian ba chiéu, lam xuat hién phan gel, ting do
clmg twong ddi ciia mang phu. EDMA va HDDA déu
1a chét long c6 khdi lugng phan tir nho, dé hé chuyén
tir trang thai 10ng sang trang thai rn c6 thé xac dinh
duogc do cung voi gia tri nhét dinh can c6 su chuyén
hoa mot luong can thiét cic nhom acrylat dé tao nén
phan tir da 16n. HDDA trong phéi liéu cang nhiéu, hé
cang 1ong va lwong nhém acrylat can thiét nay cang
16n cho giai doan ddu. Cac qua trinh néu trén lam
giam ndng d6 nhom acrylat, ting phan gel, giam do
truong va giam do linh dong trong hé nén phan tng
cham déan va két thic do tit mach. Do do, tiép tuc
chiéu sau 1,2 gidy hay thay doi ty 1¢é EDMA/HDDA
khong lam thay d6i dang ké tinh chét ctia cac mang
khau mach.
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Bang 2. Mot s tinh chit cia cac 16p phu

Ty 1¢ tl|1énh phﬁn EDMA/HDDA/I.| 184
. £ 60/40/3 50/50/3 40/60/3
T Tinh chat Thoi gian khau mach
1,2 2,4 1,2 2,4 1,2 2,4
1 Phan gel (%) 92 94 92 94 92 95
2 Do truong (%) 476 415 461 407 457 403
3 Do cung tuong dbi 0,92 0,94 0,91 0,93 0,90 0,93
4 Do bén va dap (KG.cm) 20 30 20 30 30 20
5 | D6 bén ubn (mm) 20 20 20 20 20 20
6 | Do bam dinh (diém) 5 5 5 5 5 5
8 Do bong (%)
85° 94 96 96 94 96 93
60° 100 100 100 100 100 100
20° 92 100 100 98 100 88
4. Két luin [5]. Salma Ouali, Yoann Louis, Patrice Germain, Resmy
, Gourdon, Valérie Desjardin, Leaching and
Ty 1€ khoi lugng EDMA/HDDA ¢6 anh hudng biodegradation of Darocur 1173 wused as a
16 rét dén phan Ung, kha nang gia cong tao mang photoinitiator in the production of photocrosslinked
cling nhu tinh chat cia mang & giai doan dau chicu tia silicone acrylates, Journal of Polymers and the
tor ngoai. Giam ’t}’/ 1é EDMA/HDDA tir 80/20 dén Environment, 26(1) (2018) 244-253.
20/80 1am tang toc do chuyén hoa nh('?m acrylat.NCé}c [6]. Ghodsiech Mashouf, Morteza Ebrahimi and Saeed
h¢ c6 ty 1¢ EDMA/ HDDA tir 60/40 deén 40/60 de gia Bastani, UV curable urethane acrylate coatings
cong tao mang trén nén thuy tinh, thép CT3 va c6 do formulation: experimental design approach, Pigment
cing tuwong doi giam ¢ 0,3 gidy chicéu dau tién khi and Resin Technology, 43/2, (2014) 61-68.
hap} lu.('mg, HDD.A ’trong Ama{lg te}ng. ‘Sau 1",2 gl?;ly [7]. Farhood Najafi, Behzad Shirkavand Hadavand,
chicu tl,a tr ngoai tinh chat Cl‘la cdc mang phu kha}u Akram Pournamdar, Trimethoxysilane-assisted UV-
mach co ty 1¢ EDMA/HDDA tir 60/40 dén 40/60 khac curable urethane acrylate as clear coating: from
nhau khong dang ké. synthesis to properties. Colloid and Polymer Science.
‘e a Issue 9/2017.
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