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EFFECTS OF ARTIFICIAL UV AGEING ON EPOXY/AMINE RESIN
WITH A GRADIENT IN CROSS-LINK DENSITY
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Toéom tat - Nghién clru nay dwoc thwc hién trén cac mau nhya
epoxy/amin khi san xuét trong khuén h&. Qua trinh ldo héa UV
nhan tao dwoc thwe hién trong 7, 15, 30 va 60 ngay. M6t loat cac
ky thuat cho phép xac dinh sw thay ddi cac tinh chét clia nhya
trong qua trinh 140 héa nhw: kinh hi&n vi dién t&r quét (SEM), phan
tich co' nhiét dong (DTMA), phan tich phé hdng ngoai bién dbi
Fourier (FTIR), phep do ubn 3 diém, phan tich nhiét lwong quét vi
sai (DSC). Két qua thu dwoc cho thay véi nhwa déng ran khong
hoan toan (co thira vong oxirane), hién twong cét mach két hop
v&i s mé vong oxiran dw chiém wu thé trong thoi glan dau. Tlep
theo la hién twong dong rén thir cap béi sy két hop cla cac gbc
tao thanh trong qua trinh mé& vong oxiran va cat mach. Mat khac
nghién ctru ciing khang dinh mat 1an niva cac qua trinh xay ra dbi
v&i nhya déng ran hoan toan da dwoc cong bd trwdc day.

Tt khéa - nhuya epoxy; lao hc’)g UV nhan tao; phan hly quang hoc;
FTIR; mat d dong ran thay doi.

1. Pit van dé

Nhua epoxy la mét trong nhitng polyme nhiét rin duoc
sir dung rat rong rai trong cac linh vuc hang khong, trong
cong nghiép 6 to, trong linh vyc dién tir nhur chat két dinh,
chit phu va nhit 1a dung lam vét liéu nén trong cac
composite chét lugng cao. Sy phat trién cta loai vat liéu
nay c6 lién quan chit ché dén kha nang chdng chiu cua né
d6i voi diéu kién méi truong bén ngoai trong qua trinh sir
dung, dac biét 1a voi tia UV.

Qua trinh 140 héa UV cua nhwa epoxy déng rin béi
amine da dugc nghién ctru kha nhiéu trong nhitng nim
trude day[1], [2]. Két qua cho thy ring san phidm chu
yéu ctia qua trinh phan huy la cac nhom amide, cacbonyl
va cic nhom nay ciing khong bén dudi tic dung cia
UV[3]. Ngoai ra, qua trinh phan hity UV chu yéu xay ra
& bé mat chiéu xa [4], [5] va sy phan bd cac san phdm
ctia qua trinh phan huy 1a khong dong nhit trong khoang
chiéu day 250um dau tién[6]. Song song véi qua trinh
phan huy bdi sy cat dit cac mach phan tr, mot sb cac
nghién ctru khac [7], [8], [9] cling nhan thdy ring cac
phan tng dong rin ciing xay ra trong qua trinh 130 hoa
UV cua polyme. Tuy thudc vao ban chit héa hoc cta vat
liéu ma mot trong hai qua trinh nay s& chiém wu thé va
quyét dinh dén su thay d6i tinh chat cua vat liéu. Bdi vé6i
hé epoxy/amine, qua trinh phan hity s& chiém uu thé thé
hi¢n qua sy giam nhiét do chuyén hoa thay tinh (Tg) va
cic tinh chét co 1y. Tuy nhién, cac nghién ciru trén dugc
thyc hién trén hé dong ran hoan toan va khong loai trur
kha ning khac c6 thé xay ra do h¢ dong ran khong hoan
toan (du vong oxiran chang han). Trong trudng hop nay,
qué trinh déng rén c6 thé chiém vu thé trong giai doan

Abstract - This study was carried out on the epoxy-amine resin pieces
produced in open molds. The artificial UV aging process of artificial UV was
performed in 7, 15, 30 and 60 days. A wide range of techniques were
employed to identify changes in resin’s properties during the aging process,
for example scanning electronic microscopy (SEM), dynamic-mechanical
thermal analysis (DTMA), Fourier transform infrared spectroscopy (FTIR),
three-point bending test, differential scanning calorimeter (DSC). The
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opening of the excess oxirane ring was dominant in the first phase. Then
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chain scission process. Moreover, this study also confirmed once again the
processes occurring on the completely cross-linked resin, which has been
declared in previous publications.
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dau do cac nguyén tir hydro xung quanh vong oxiran
khong bén va cé thé tach khoi mach phan tu, giy ra su
md vong oxiran tao thanh cac gdc ty do. Cac gdc tu do
nay co6 thé két hop véi chinh no hodc véi cic gbe tu do
khac dé tao thanh mang lu6i khong gian.

Trong nghién ctru trude day [10], bing cac phép phan
tich FTIR, phan tich nhiét lwong quét vi sai (DSC) va
phan tich co nhiét dong (DTMA) chung t6i dd xac dinh
dugc trang thai va tinh chat ban dau cia nhya epoxy-amin
khi san xuét trong khuén hé. Muc dich ciia nghién ctru
nay nhim theo ddi su thay doi cac tinh chit ctia nhya
epoxy/amine c6 mat do dong rin thay ddi theo chiéu day
trong qua trinh 130 héa UV nhan tao. Két qua thu duoc s&
giai thich cho su chiém vu thé ciia mot trong hai qué trinh
(phan huy hay déng rin) xay ra khi 1do hoa UV ma mat
d6 déng rén ban dau cua vat liéu, thoi gian 130 hoa ciing
nhu lugng nude hap thu s& 1a nhirng yéu t6 quyét dinh.

2. Vat liéu va cac phwong phap phan tich
2.1. Vit liéu s dung

Prepolyme st dung 1a diglycidyl ether of bisphenol A
(DGEBA) dang 16ng v&i n=0,13.Chit dong ran dugc dung
1a Diethylene Triamin (DETA). C4a hai san pham nay déu
c6 d6 tinh khiét 1a 99,9% va dugc cung cip boi hing
Sigma-Aldrich.

Hon hop cia DGEBA/DETA dugc trén theo ti 1€ mol

la ZRETA — 2 vy phan bé déu trén khuon c6 kich thudc
NpGEBA 5
200x200x2mm.

Dé dat dugc d6 chuyén héa ti da, chu trinh gia nhiét
duoc chon 1a 2h & 60°C; 2h & 120°Cva 2h & 130°C.
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Hinh 1. Céng thitc héa hoc ciia prepolyme va chit dong rn

2.2. Piéu kign qud trinh ldo héa

pé thuc hién qua trinh 130 héa UV nhan tao cac thm
nhya dugc gan trén khung d& va dét trong thiét bi QUV
Weathering Tester-Model QUV/SE. Thlet bi nay st dung
cac dén UV loai UVA-340 dé cung cap phd birc Xa tap
trung c6 budc song 340nm. Nhiét d(_)‘ chiéu Xa dugc cb dinh
& 45°C véi birc xa 0,77W/m2{nm. Bé mat mau tiép xuc voi
khong khi trong qua trinh di€u ché (dong ran khong hoan
toan) 1a bé mat dugc chicu xa tryc tiép. Cac mau duoc lay
ra va phan tich sau 7, 15, 30 va 60 ngay.
2.3. Ky thudt phén tich

Céc phep phéan tlch duoc thyc hién trén 05 16p & bé mat
trung bay (bé mat tiép xtic v6i khong khi trong qua trinh dleu
ché mau) dong ran khong hoan toan va 01 16p & bé mit tiép
xuc v6i khuon (dong ran hoan toan) nhu duogc trinh bay trén
Hinh 2. M&i 16p phén tich c6 chiéu day khoang 30pm.

Bémat ticp xic khong kbi Bé mat chifu xa trong qué

trinh ld0 hoa UV

e N

S | L
Bé miit tiép xuc khuén iLx 5
Pmm o'pf

Bé mit tiép xfic khudn,
khong bi chieu xa trc tiep

Hinh 2. So d6 phan tich cdc I6p trén bé mdt mau

Su thay doi thanh phan hoa hoc trong qua trinh 1o hoa
trén cac 16p dugce nghjén clru bang ph6 hong ngoai chuyén
doi Fourier (FTIR) bang may quang phd Nexus cua hang
Thermo Nicolet.

Su thay d6i nhiét d¢ chuyén hoa thuy tinh (Tg) ctia mau
dugc phan tich trén tung 16p bang thiét bi phan tich nhiét
lugng quét vi sai (DSC: Differential Scanning Calorimeter)
DSC Q100 ctia hang TA Instruments.

Tinh chét co khi (u6n ba diém) ciia vat liéu dugc do trén
thiég bi MTS DY35 trang bi cdm bién luc 20 kN theo ti€u
chuan NF EN 2746.

Su thay déi‘ bé mit cua mau trong qua trinh 3o hoa
duogc theo ddi bang thiét bi kinh hién vi dién tir quét (SEM):
Supra 40VP Colonne Gemini.

Cac phép phan tich co nhi¢t dong (DTMA) duoc thuc
hién trén ,thiét bi DTMA 2980 cua hér}g TA Instruments
trong ché do “single cantilever”. Mau c6 kich thudce
40x10x2mm duoc cat bang dao kim cuong. Cac phép do
duoc thug hié;n trong mot khoang nhiét do tir 30°C dén
180°C ¢ tan so ¢ dinh 13 1Hz.

3. Két qua va thao luin
3.1. Sw thay doi cdc tinh chit ciia nhwa & trang thdi
nguyén khoi.

Sw thay d6i bé mdt trung bay: Quan sat bang kinh hlen
vi dién tir quét (SEM) trén bé mit chiéu xa cua cic miu
nhua truée va sau khi 130 hoa UV (Hinh 3) cho thiy & bé
mit nhya truée khi 1do héa chi cé cac 16 xdp 16n 1a do cac
bot khi hodc do sy bay hoi ctia amintrong qua trinh diéu
ché miu [10]. Sau 60 ngay ldo hoa UV, kich thudc cac 15
x6p ¢ bé mat duong nhu khong ddi tuy nhién lai xuat hién
céc vét nit nho nhung twong d6i nhiéu.

Hinh 3. Bé mdt nhya ban ddu (a)
va sau 60 ngay ldo hoa UV (b) va (c)

Sw thay doi tinh chat nhét dan hoi: Phé tan delta cta
nhuya trudc va trong qua trinh 1do hoéa UV dugc theo doi va
thé hién trong Hinh 4. Pic o thé hién cho qua trinh mdi cla
phan nhya dong rén hoan toan va pic a2 thé hién cho qua
trinh mdi ctia 16p nhya déng ran khong hoan toan trén bé
mit tiép xac v6i khong khi [11].

0.6
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Hinh 4. Phé tan delta ciia nhira trong qud trinh ldo héa UV
(DMA, 1Hz, 7pm, 20C/phiit)

Tir d thi ta c6 thé thdy rd chidu cao va nhiét do dinh
pic Ta tang trong qua trinh 3o hoa.Viéc tang nhié¢t do dinh
pic Taw ¢6 thé dugce gidi thich boi anh huong cua nhiét do
trong qué trinh 130 héa UV. O nhiét do nay (45°C), céc
phan nudc tir moi trudong hép thu vao mau trong qua trinh
didu ché bi giai hap, diéu nay cho phép thiét 1ap lai cac lién
két giita cac mach phan tir din dén sy giam tinh linh dong
clia cac mach va lam tang To. Viée tang chiéu cao pic a 14
do su gia tang ) luong cac phﬁn tr, dén tr cac 16p bé mat
ban dau bi déo hoa, sau khi giai hip. Dbi voi 16p bé mat
chiéu xa tryc tiép, ta c6 thé thay rd (Hinh 4) sau 7 ngay ldo
hoa nhiét do bit ddu xuat hién pic o2 giam con 60°C so voi
trang thai ban dau 1a 80°C trong khi chiéu cao pic lai ting
lén. Diéu nay dugc gidi thich boi sy phan hiy xay ra trén
bé mit mau nhya do tac dung cua tia UV lam ting sb lugng
cling nhu tinh linh ddng cua cac mach phan tir [8]. Sau 7
ngay, nhiét do bat dau xuat hién pic a2 lai ting 1én (Hinh
4) cho thaytinh linh dong cua cac mach phan tr ¢ 16p bé
mit lai giam xudng. Hién twong nay c6 thé giai thich boi
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qua trinh dong rén thir cip do su két hop cua cac gbe ty do
tao thanh trong qua trinh phan huy truge do [7], [8], [9].
Qua trinh dong ran thir cap xay ra cang dé& khi tinh linh
dong phan tir cang cao va mat do dong ran cang thap.

Su thay doi tinh chat co ly: Két qua phép do ubn 3 diém
(khi tinh den d6 1éch chuin) cho thy khuynh huong tang
cua img sudt va md dun trong 7 ngay déu, sau d6 twong ddi
6n dinh (Hinh 5). Didu nay thé hién sy ting do cung cua
nhya trong giai doan ddu cua qué trinh 130 héa UV va
duocgiai thich 12 do anh huéng cua qua trinh giai hip cac
phan tir nude ban dau hip thu trong vat lidu (¢ 45°C). Tuy
nhién, ching t6i khong nhan thay bat cr mot anh huong
nao quy cho qua trinh cit mach khi ldo hoa. Trong khi do,
su thay ddi ciia bién dang gay 1a khong rd rang khi tinh dén
do léch chuan.
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Hinh 5. Sy thay doi tinh chdt co Iy ciia nhira epoxy
trong qua trinh ldo hoa UV
3.2. Sw thay déi cdc tinh chit ciia nhwa trén tirng lop

DPé theo doi su thay ddi cac tinh chit cua nhua theo
chidu day mau, 05 16p trén bé mat chiéu xa va 01 16p & bé
mit tiép xtc v6i khudn (dong rén hoan toan) dwoc phan
tich sau nhirng thoi gian 130 hoa khac nhau.

S thay doi nhiét dé chuyén hoa thity tinh Tg: Két qua
phan tich nhiét luong quet vi sai (Hinh 6) cho thdy dbi véi
16p bé mat tlep xuc voi khudn (dong ran hoan toan), Tg
glam trong sudt qua trinh lao hoa. Diéu nay c6 thé duoc
giai thich boi sy cat mach trong qua trinh 1o hoa UV [12],
[13], [14], [1], mac du day la 16p khong bi chiéu xa truc
t1ep Dbi v6i 16p & bé mit chiéu xa truc tiép (ban dau dong
ran khong hoan toan), sy thay d6i Tg 1a tuong hop voi su
thay d6i cua pic a2 (Hinh 4). Su giam Tg trong tudn dau
180 hoa tuong ung véi sy gidm nhiét do bét ddu xuét hién
pic a2 thé hién su chiém vu thé cua qué trinh cit mach. Sy
tang ctia Tg & tuan tiép theo trong 02 16p dﬁu tién (khoéng
60um) cho thdy hién tuong dong rén thir cip do su két hop
cua cac goc tu do chiém uu thé hon, trong khi hién twong
cit mach van con chiém uu thé ¢ cic 16p bén trong (Tg
giam). Diédu nay la phu hgp véi sy tang chiéu cao cua pic
a2. Két qua thu duge dudng nhu mau thudn véi cac nghién
ctru [4], [5] cho thdy anh huéng chi yéu & bé mit ctia qua
trinh 130 héa UV. Tuy nhién, ¢ nghién cuu khac [6] lai xac

dinh duogc san phdm cia qua trinh 130 héa UV & chidu siu
250um tinh tir bé mit chiéu xa.
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Hinh 6. Sy thay doi Tg trong qud trinh ldo héa UV

Su tang cua Tg & cac 16p sau hon (tir 90 dén 150pm)
sau 15 ngay chiéu xa va tiép d6 1a s giam Tg sau 30 ngay
cho thiy qué trinh déng rén thr cap chi xay ra khi c6 du s6
luong cac gde tu do hinh thanh trude do, va khi sé luong
cac géc tu do it di thi qua trinh cit mach lai chiém wu thé.

Sw thay doi thanh phan héa hoc: San phim chu yéu
hinh thanh trong qua trinh ldo héa UV da duoc xac dinh 1a
phenyl fomiat (hip thu & s6 song 1735cm™), cacbonyl va/
hodc céu trac metyl quinon (cung hép thu ¢ sb song
1658cm™); Pic hdp thu & s6 song 1512cm™ (dao dong bién
dang cua lién két C=C trong vong thom) dugc chon lam pic
dbi chiéu [15]. Su thay déi cuong do cua vong oxiran
(915cm™) & cac 16p trén bé mit chiéu xa trong qua trinh l3o
hoa duoc thé hién trong Hinh 7.
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Hinh 7. Sy thay déi cuong dé pic oxiran
trong qua trinh ldo héa

Tir d thi chiing ta ¢6 thé thiy cuong do pic oxiran & 16p
bé mit (20um dau tién) giam nhanh trong 30 ngay dau ldo
hoa va tuong dbi 6n dinh sau d6 trong khi ¢ cac 16p khac thi
hau nhu khong dbi (tinh dén d6 16ch chuén). Pidu nay cho
thdy, chi c6 nhimg vong oxiran trén 16p bé mit bi thay dbi
trong qua trinh 130 héa UV. Sy gidm cudng d6 pic oxiran da
dugc giai thich sy mo vong oxiran dudi tac dung cia UV
theo co ché dé xuét boi Zhang va cong su [16]. Trong qua
trinh mé vong sé& tao thanh cac gdc tw do va cac gdc nay co
thé tu két hop véi nhau, nhatla & 16p bé mat c6 mat do dong
rén thap. Hién tugng nay gop phan lam tiang Tg 16p bé mit
sau 7 ngay lao hoa (Hinh 6).

Su thay d6i cuong do twong ddi cua céc pic twong ing
v6i cac nhom phenyl fomiat, cacbonyl va/hodc cu truc
metyl quinon trén cac 16p trong qua trinh 130 hoa ciing dugc
thé hién trén Hinh 8 a va b.
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Hinh 8. Sy thay déi cuong dj tuwong ddi ciia cdc pic phenyl
fomiat (a), cacbonyl va/hodc cau triic metyl quinon (b)
trén cdc lop trong qua trinh lao hoa

Tir db thi trén chung ta c6 thé thiy cudng do cua cac pic &
16p thi nhit ting nhanh trong 15 ngay dAu l30 hoa thé hién qua
trinh cit mach chu yeu xdy ra trong giai doan nay (song song
Vv6i qué trinh dong rén thir cAp xay ra tir ngay thir 7). Nghién
ctru cta F. Delor-Jestin va cong su [3] da dua ra co ché tao
thanh cac san phim phenyl fomiat, cacbonyl, cAu tric metyl
quinon va cling cho thiy réng c4c san phim nay cling khong
bén dudi anh huong ciia UV. Sy 6n dinh trong khoang thoi
gian tir 15 dén 30 ngay ldo héa (Hinh 8) phan anh tinh canh
tranh va can bang giita sy tao thanh va phan hiy cta cac san
pham trong qua trinh I3o hoa. Sau 30 ngay duong nhu qua trinh
phén hity cac san pham trd nén chiém wu thé.

Dbi v6i cac 16p bén trong (tir 20pm tré di), sy thay doi
cuong do ctia cac pic 14 rit nho so v6i do 1éch chudn. Riéng
v6i 16p bé mit tiép xuc khudn dong ran hoan toan va chiu
su chiéu xa khong truc tiép, su tang cuong do cac pic O
1658cm™! va 1735cm™'sau 7 ngay lao hoa 1a phu hgp voi su
giam Tg cua 16p nay (Hinh 6). Chung t6i cung nhan thay
rang cuong do twong dbi cua pic o 1658cm! ctia 16p bé mat
tiép xtic khuon tang twong d6i cham, sau 60 ngay dat gia
tri 0,1 va gia tri nady twong tng vé6i cudng do cua pic trén
bé mat chiéu xa truc tiép sau 10 ngay. Mot hé ) gép 6 lan
vé thoi gian chiéu xa ¢ thé udce tinh tir bé mat chibu xa
truc tiép va bé mit phia ddi dién.

4. Két luan

Nghién ctru nay cho phép theo doi va gidi thich &nh hudng
cta sy 130 héa UV nhan tao 1€n nhya epoxy/amin c6 mat do
dong ran thay d6i theo chidu day. Bang cach két hop cac két
qua cla cac phan tich khac nhau va so sanh chiing véi cac
nghién ciru trude day, su 1do hoa UV cla nhya epoxy/amin co
the gdy ra nhing anh huong khac nhau. D01 v6i nhya dong
rén hoan toan, chu yéu xay ra qua trinh cit mach trén 16p bé

mat bi chiéu xa va tao thanh cac san ph?im nhu phenyl fomiat,
cacbonyl va/hodc cAu tric metyl quinon. Ban than c4c san
phim tao thanh ciing khong bén duéi tac dung cua UV. DBbi
voi nhyra dong ran khong hoan toan va c6 du vong oxiran, quéa
trinh ¢t mach két hop véi qué trinh mé vong oxiran du chiém
uu thé trong nhiing ngay dau chiéu xa. Tlep theo 1a hién tuong
dong ran thir cap do sy két hop cac goc tu do dugc tao thanh
trong qua trinh cat mach va nhét 1a mé cac vong oxiran du. Syr
chiém wu thé ciia mét qua trinh niy so véi qué trinh khac tiy
thudgc vao mat d¢ dong ran ban du cua vat liéu va thoi gian
130 hoa.
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