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Tom tit:

Vit liéu polymer nanocompos1te (PNC) trén co sé nhya polyester khong no (UPR) va nano TiO, (vat ligu PNC UPR/
TiO,) duwgc tong hop bang phwong phap in-situ, giup tich hgp cac hat nano v6 co' vao mach polymer ngay tir giai
doan diu cia qua trinh tong hgp, giup tang kha nang phan tan cac hat nano va c6 thé tao lién két ngay trong qua
trinh hinh thanh mach polymer. Cac déc trung ve hinh thai bé mat, ciu tric va tinh chat ciia vat liéu PNC UPR/
TiO, da dwoc khao sat. Két qua cho thay, vt liéu PNC UPR/TiO, dugc tong hop thanh cong giup ting d¢ bén udn
1én 16 4% va d bén kéo 1én 7,2%. Vit litu PNC UPR/TiO, thu du’oc ¢6 d9 bén nhiét dwoge ting cuong, dic biét 1a
miu UPR/TiO, 0,50% thé hi¢n ¢ gia tri T , T va T ting 11 ,4%; module tich trir (E’) ting 57, 3% $0 v6i miu nhya
UPR. Vit liéu mm thu dwoge thé hién kha nang Chlll birc xa UV cao hon 62,3% so véi hé nhya nén UPR sau 1.000
gio chleu UV. Viéc st dung vt ligu PNC UPR/TIO, 0,50% lam nhya nén trong ché tao da nhén tao goc thach anh
cao cép gitp ting kha ning chiu UV 1én 20% va gnr dwge mau sic bé mit cho sian pham it bi bién doi so véi khi sir
dung nhuya UPR.

Tir khéa: birc xa UV, da nhan tao géc thach anh, nanocomposite, nhya polyester khong no, TiO,.
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Abstract:

Polymer nanocomposite material (PNC) based on the unsaturated polyester resin (UPR) and nano TiO, (PNC UPR/
TiO, material) is synthesised by the in-situ method, which allows the incorporation of inorganic nanoparticles
into the polymer chain right from the beginning of the synthesis process, enhancing nanoparticle dispersion and
enabling bond formation during polymer chain synthesis. The surface morphology, structure and properties of
the PNC UPR/TiO, material were investigated. The results show that the successfully synthesised PNC UPR/TiO,
material enhances bending strength by 16.4% and tensile strength by 7.2%. The obtained PNC UPR/TiO, material
has enhanced thermal stability, especially with the UPR/TiO, 0.50% sample, which shows an increase in Tw, T,, and
Tg values of 11.4%; the storage modulus (E’) increased by 57.3% compared to the UPR resin sample. The newly
obtained material demonstrates 62.3% higher UV radiation resistance than the UPR resin system after 1,000 hours
of UV irradiation. Applying PNC UPR/TiO, 0.50% material as a base resin in manufacturing high-quality quartz-
based artificial stone products helps improve UV resistance by 20% and retains surface colour for products that are
less susceptible to deformation compared to when using UPR adhesive.
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1. Dt van de

Trong nhirng thap ky gn déy, vat liéu polymer nanocomposite
dugc su quan tdm nghién cuu cua nhidu nha khoa hoc va ca cac
doanh nghiép hang dau vé xdy dung, son va 16p phi... boi cic
dac tinh vuot trdi cua ching so voi vt liéu polymer composite
thong thuong. Vat liéu nanocomposite gdm hai thanh phéan co
ban la pha nén (matrix) va pha gia cuong (reinforced) trong do
c6 cac phan tr v6i kich thude nano; pha nén duoc sir dung phd
bién la nhua polyester khong no (UPR) véi cac uu diém: mau
trong subt, do cimg cao, chiu hoa chat t6t va gia thanh thap [1].
Nhya UPR véi nhiéu wu diém duoc ung dung rong ra1 trong cong
nghiép, tuy nhién, hién nay nhya UPR ton tai mot s6 nhugc diém
nhu: kha nang chiu birc xa UV va chiu nhiét kém, gion [1], vi vay
d han ché rit nhiéu trong cc img dung ngoai troi, vat liéu chong
chdy... Kha nang chiu UV kém ctia nhya UPR dugc gidi thich 1a
do trong mach phan tir cia nhya UPR vén con ton tai cac lién két
d6i kém bén, cac lién két nay dé dang hép thy tia UV, tao ra céc
gbc ty do gy pha hity mach phan tir cia nhia UPR [2-4].

Dé giai quyet bai toan ndy, cac nha khoa hoc da tap trung
nghién ctru cdi tlen bang nhiéu phuong phap khac nhau. Viéc
nghién ctru cai tién pha gia cudng bang cdc vt liéu nano vo6 co
co kha nang phan tan trong nén polymer tot va dién tich bé mat
riéng cao, gitp cai thién dang ké cac tinh chét déc trung cua vat
liéu nanocomposite nhu tinh chat co hoc, d 6n dinh nhiét, kha
nang chiu UV.. - [5-8]. Titanium d10x1de (TiO,) ¢ cac dac tinh
vuot troi nhu tro vé mét hoa hoc, do 6n dinh quang hoc - dién tur
cao, dac biét kha nang chiu UV theo co che hép thy UV (TiO,
1a mot dang chat ban din c6 d rong ving cdm rong E,~3,0+3,2
eV tuong Ung voi budc séng 388+413 nm, ving hoa tri dugc
ldp diy boi cac electron) [9-11], khong doc hai, co tinh khéng
khuén [12], c6 kha nang dan dién [12], chi phi thip. C4c nghién
ctru cua V. Goodarzi va cs (2008) [13] s dung phuong phap
bién tinh bé mit TiO, bang phuong phap dong tring hop in-
situ giita hon hop TIO vai silane [3-(Methacryloyloxy)propyl]
trimethoxysilane va etyl acrylate, metyl metaacrylat da tao mot
16p polyacrylated trén bé mat cac hat nano gitp cai thién kha
nang phan tan TiO, trong nhua nén lam ting kha ning chiu uv
cta vat ligu mot cach dang ké ngay ca & ham lugng nano rét
thap, dic biét trong truong hop cac hat TiO, dugc bién tinh va
ung dung trong cdc nganh cong nghiép s¢i, 16p phu. Ngoai ra,
cac cong trinh nghién ciru ché tao vat liéu nanocomposite trén co
s6 nhya nén UPR gia cuong bing vat liéu nano TiO,, Fe 0, va
dong két tia NiFe O, theo phuong phép sol- gel cua nhom tac gia
M.T. Rahman va cs (2019) [14] thu dugc da cai thién vé cac tinh
chét cua vét liéu nhu tinh chit co hoc do bén kéo tang 21,62%,
module dan hoi ting 6,56%, cai thién tdi da vé do hap thu anh
sang (30,38%) trong ving tir ngoai kha kién (UV-Vis). V.M.E.
Evora v cs (2003) [15] d4 dua ra két qua cta cong trinh nghién
ctru ché tao, dic tinh cua vét liéu nanocomposite trén co sé nhua
UPR gia cuong bang vt li¢u nano TiO, theo phuong phap khuay
tron co hoc gitp cai thién céc tinh chat co Iy ciia vét lidu nhu do
bén nén, do bén dut giy cia vat liéu voi mot lugng nho chit gia
cuong TiO, 1a 1,2 va 3,0% khdi lugng lam tang do déo dai cua

%H%-IE 67(3) 3.2025

vat liéu tao ra tuong tng 57,42 va 41,0% so véi nhua nén ban
dAu. Céc tinh chat co hoc, kha ning chiu nhiét, kha ning chiu
UV, kha ning chdng chay cta vat liéu nanocomposite ché tao
trén co s& nhya nén UPR duoc cai thién bang cach bo sung cac
chét gia cudng TiO, va céac oxit kim loai theo cac phuong phap
tong hop tron co hoc phuong phap sol-gel [16-21].

Ngoai ra, phuong phap tong hop vat liéu polymer
nanocomposite da duoc mot sé tac gia d& cap nhim muyc dich
tang cuong kha nang phan tan cua vat li¢u nano vao hé nhya
nén polymer, tuy nhién, cdc phuong phap ché tao vat liéu
nanocomposite dugc ap dung thuong la phuong phép tron co
hoc, truong ng trong dung moi sau d6 phan tan tryc tiép vao
nhua nén théng qua rung siéu am... Céc phuong phap ndy c6
wu diém 1a dé gia cong va thiét bj don gian, tuy nhién, hi¢u qua
phén tan vat liéu nano vao nén khong cao vi cac hat nano c6 xu
hudéng hinh thanh cac két tu hodc cc cum chira nhiéu hat nano
ma khong phan tan dong déu trong nhya nén dan dén cac dic tinh
vat lidu khong duogc cai thién nhiéu [22]. Pé giai quyét van dé
trén, nhom tac gid lya da lya chon phuong phép trung hop in-situ
di tir cic monomer ban dau dé tong hop vét liéu nanocomposite
trén co so UPR/TIO Uu diém ciia phuong phap nay 1a dudi cac
diéu kién tong hop thcn gian khudy, nhiét do cao dwgc duy tri
kéo dai trong diéu kién moi treong khi tro da cai thién kha nang
phan tin cua nano TiO, trong nén UPR, dong thoi cai thién cac
tinh chat cua vt liéu polymer nanocomposite. Két qua img dung
vét liéu polymer nanocomposite tren co s¢ UPR/TiO, thu dugc
& 1am nhya nén trong ché tao miu d4 nhan tao gia cuong bang
cbt liéu hat thach anh véi céc tinh chét co 1y dugc cai thién va kha
ning chiu birc xa UV ciing dugc dé cap dén trong cong trinh nay.

2. Hoa chat va phuong phap nghién ciiu
2.1. Héa chit

Cac hoat chét dugc sir dung trong nghién ciru nay dugc trinh
bay ¢ bang 1.

Bang 1. Danh muc cac hoéa chat stv dung.
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2.2. Phwong phap nghién ciru

Nhua polyester khong no (UPR) duogc tong hop bang phuong
phép tring ngung trong thé néng chay (hinh 1). Ty 18 mol t6i wu cia
MA:PA:PG 14 0,6:0,4:1,05 va binh ba ¢6 1.000 ml duge sir dung dé
thuc hi¢n phan ung ngung tu MA, PA va PG. Phan ung dugc thuc hién
thong qua qué trinh gia nhiét hdn hop & nhiét do tir 150-190°C trong
9 gio. Dé cai thién toc do ester hoa, 0,2% khdi lvong DBTO di dugc
thém vao va ngan chin sy d6i mau do qué trinh oxi hoa céc ndi doi
C=C ¢ nhiét d¢ cao, phan tmg tong hop dugc dién ra trong méi truong
khi tro (N). Tién trinh cua phan tmg polyester hoa duge kiém soat
bang cach phan tich chi s axit theo thoi gian phan ung va qua trinh
tong hop dugc coi 1a hoan thanh khi chi s6 axit du6i 30 mg KOH/g
nhya gbc UPR. Nhya UPR gdc sau khi tong hop dugc lam mat vé
100°C va pha loang bang dung méi styrene monomer, véi ham luong
33% khoi lugng va bo sung chét tic ché HQ ngan chin gel hoa trong
qué trinh tong hop va lwu kho [23].

HO—R—OH + HO*% R'- ("‘J OH — HO + HO—R-0O— C R*‘(%*OH

0O O o o
Hinh 1. Tdng hop nhwa UPR bang phwong phap tring ngwng trong thé
néng chay.

Vit ligu polymer nanocomposite UPR/TiO, dugc ché tao bang
phuong phép trung hop In-situ trong d6 cac hat nano TiO, dugc phan
tan vao nén UPR trong qua trinh tring hop (hinh 2). Dé dam bdo do
dong nhét cua vat ligu, TiO, duoc phan tan trong PG 30 phit bing
may khudy co hoc, sau d6 sir dung hdn hop PG/TiO, dé tong hop
vat ligu UPR/TIO,. Theo cac nghién clru trude diy da duoc cong bd
[15-21], thudng su dung cac ham luong TiO, trén 1,00% nhim cai
thién do bén co 1y, do bén nhiét hay kha ning chong chiu &n mon..
Tuy nhién viéc s dung ham lugng TiO, lon ¢6 thé mang lai nhiéu 101
ich khong mong muon cho vat li¢u tong hop. Béi vi hat nano TiO, c6
kha nang hap thy t6t tia UV va c6 hoat tinh quang xic tac trong d01
cao. Do do, chung t6i Iyra chon cac ty 18 thdp hon nhur 0,25; 0,50; 0,75
va 1,00% khdi lugng (theo tong nguyén vat liéu str dung), chua co cac
bai cong b trong tu dé khao sat va mong mubn mang dén duogc su
cai thién toan dién vé tinh chat, dic biét a tang cuong kha nang chiu
tia UV cho nhya UPR. Ngoai ra, khi st dung ham luong nano thap
hon, con mong mudn giam chi phi phét sinh, do 6, hoan toan c6 thé
tnen khai trén quy m cong nghiép ma khong can qua quan tim dén
vén dé chi phi.

Téng hop polymer nanocomposite UPR/TIO,

A+ v&@%"&#m

PG Tio,
i UPRITIO,
Khuay co hoc 30 phat

[N J

Phwong phap trung hop In-situ

Hinh 2. Tdng hop polymer nanocomposite UPRITIO, béng phwong phap
trung hop in-situ.

Hinh thai bé mt cua vét lisu PNC PNC UPR/TiO, dugc nghién
ctru bang kinh hién vi dién tir quét (SEM) trén may Hltachl S-4000
& dién 4p gia toc 5 kV. Céu tric tinh thé, cdu triic hoa hoc cua vat
liu PNC UPR/TIO dugce xac dinh bang cac phép do nhifu xa tia X
(XRD) thyc hi¢n bang may do nhiu xa XRD (Equinox 5000) véi
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birc xa Cu-Ka (A=1,5406 A), phuong phap quang phd Raman bing
thiét bj Raman Macroraman, Horiba (Nhat ban), phé héng ngoai bién
dbi Fourier (FTIR) dugc thyc hién bang Spectrum Two, Perkin Elmer
trong pham vi 350-8300 cm. Phan tich nhiét trong luong (TGA)
duoc tién hanh trén thiét bj 4000 Perkin Elmer (M§) trong khoang
25-700°C véi the do gia nhiét 10°C/phut trong moi truong khi nito.

Céc dic tinh d6 bén ubn va kéo cia vat liéu tong hop nano UPR/TIO,

duoc thyc hién bang may thir nghlem van nang (Instron 100 kN). Cac
déc tinh co hoc dong cua cac mau duge thuc hién bang DMA 8000
(PerkinElmer), ché do thir nghiém duoc st dung & ddy 13 uén mot
diém v&i kich thude mau thir 14 30x10x2 mm. Nhiét do duge dat trong
khoang tir 30 dén 150°C vdi toe do gia nhiét khong ddi 1a 4°C/phit
& tan s6 dao dong 1 Hz. Kha nang chiju UV cua vat liu PNC UPR/
TiO, dugc xac dinh bing viéc ph(n nhiém miu vat liéu trén thiét bi
uv Test cua Atlas (My) v6i 4 ché do thm tiét: phoi nhidm UV (& bude
song 340 nm), d9 am, tia phun va bong t6i theo thoi gian. Mu vét liéu
duoc thu thap sau mdi 100 gio chiéu UV, kéo dai dén 1000 gio. Kha
niing chiu birc xa UV ctia mau vat lidu dugc danh gia dwa trén su thay
d6i mau sic AE va su thay d6i cu tric hoa hoc cua dinh dic trung
thong qua pho FTIR. Gi tri AE dugc xéc dinh trén méay do mau Xrite
C17800, v6i phin mém do mau theo tiéu chuin ASTM D2244 va sit
dung khong gian mau CIE Lab vdi cac gia tri L*, a*, b* va AE. Cong
thic Euclide dugc str dung dé tinh toan sy thay d6i mau sic, nhu thé
hién trong phuong trinh dudi day:

AE = /(AL")? + (Aa*)? + (Ab*)?

trong d6: trong d6 AL biéu thi mdi quan hé do sang gitra sang va toi,
Aa biéu thi mdi quan hé gitta mau lyc va do va Ab biéu thi mdi quan
h¢ gitra mau xanh duong va mau vang. Ky hi¢u A thé hién su khac biét
giita miu trude va sau khi gia hoa. Thong tin chi tit cac phép khao sat
dugc trinh bay trong nghién ctru trude d6 clia chung toi [24].

< s A
3. Ket qua va ban luan

3.1. Hinh thdi bé mt, céu triic tinh thé ciia vit ligu PNC UPR/
Tio,

Hinh thai b mit vat liéu PNC UPR/TiO, dugc phén tich thong
qua hinh anh SEM & hinh 3. Anh SEM ciia vat li¢u nano TiO, ¢ hinh
3A cho thay, céc hat nano TiO, dang hinh cau, co kich thuoc tuong
dbi ddng déu tir 10 dén 50 nm. Day 1a hinh anh ctia nano TiO, ¢ dang
bot, do d6 cac hat nano co xu hudng két dam tao nén cac hat nano
¢6 kich thudc 16n hon. Quan sat ki hon co thé thay, hinh 3A 1a tap
hop cac hat nano c6 kich thudc khac nhau, trong d6 c6 ca nhitng hat
nano kich thu(rc nho ndm dan xen Ian nhau. Trong khi d6, hinh anh
SEM ctia mau nhya UPR/TiO, céc hat TiO, ¢ kich thudce nano c6 xu
hudng phan tach nhau ra va phan tan dong déu trong mach phén tir
polyrner diéu nay cling chlrng t0 rang cac hat nano TiO, twong thich
t0t v6i mang nén UPR. Anh SEM ciia mau PNC UPR/T10 0,50% &
hinh 3C va 3D cho thiy, c4c hat nano TiO, phan b6 dong deu trong
nén UPR véi kich thudc nano khoang 15-50 nm (hinh 3D), trong khi
d6, anh SEM cua miu nhya UPR da dong ran (hinh 3B) khong xuét
hién cac hat/dam hat nano TiO, nay. Khi ting 1én ham luong 1,00%
da xuét hién cac diém két tu lon cua cac dam hat nano TiO, (hinh 3E,
3F). Diéu nay co thé anh huong dén cac tinh chét cua Vat liéu PNC
UPR/TIO,,
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500 nm

Hinh 3. Anh béng kinh hién vi dién tt quét (SEM) cuia vat liéu TiO, (A); UPR
da dong ran (B); UPR/TiO, 0,50% da dong ran do phan giai khac nhau (C, D);
UPR/TiO,1,00% dé déng ran do phan giai khac nhau (E, F).

Céu tric tinh thé cua vat liéu nano TiO, va PNC UPR/TIO, dugc
xéc dinh thong qua mau nhiéu xa XRD (hlllh 4A) va pho tan xa Raman
(hinh 4B). Tir két qua hinh 4A nhan thdy, mAu nhiéu xa XRD ctia TiO,,
xuét hién dinh dic trung clia pha Anatase tai goc nhidu xa 20=25, 5°
38,6°% 48°; 53°; 55° va 62,8 [25]. Dinh déc trung pha Rutile tai goc
26=27,5°va 69,1°[25, 26] khing dinh nano TiO, str dung trong nghién
clru ndy ton tai & ca hai pha Anatase va Rutile V0’1 ty 1¢ Anatase/Rutile
=77/23 theo phan trim khdi lugng. Viée lIya chon TiO, c6 ca 2 pha
Anatase va Rutile, do d rong ving cdm cta hai pha la khac nhau co6
thé mang lai hoat tinh quang hoc cao hon so v6i mot pha don thuan
[27-32]. Mau nhiéu xa XRD cta nhya nén UPR va PNC UPR/TIO,
trén hinh 4A cho thiy mot dinh rong ¢ goc nhiéu xa 20=23,43° cho
thdy, ca 2 mu vat liéu nay déu 6 trang thai vo dinh hinh twong tur nhu
két qua cong bé trude day [33, 34]. Két qua nay chi ra réng, sur co mat
ctia mot ham lwong nho nano TiO, 0,50% KL trong nén UPR ¢6 thé
khong quan sat dugc bang nhidu xa XRD.
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Hinh 4. Mau nhiéu xa tia X (XRD) cta TiO,, UPR va UPRITiO, (A); phé
Raman cua TiO,, UPR va UPR/TiO, cac ham lwgng khac nhau (B).

Mit khéc, phé tan xa Raman cia TiO, trén hinh 4B xut hién
cac dmh dac trung pha anatase cua TiO, o cac dinh 147, 398, 517 va
639 cm! va dinh 450 cm clia pha Rutlle [35] ciing cho thdy cdu tric
tinh thé cua nano TiO, ton tai ¢ ca hai pha Anatase va Rutile. Phd
Raman cua mau nhua nén UPR xuat hién céc dinh tan xa dac trung
& tan s6 622, 1000 va 1600 cm™ twong mg véi cac dao dong bién
dang vong, m¢ vong va kéo dan mach phan tir [36, 37] cac dinh nay
ciing xuét hién trong pho Raman cia UPR/TIO, 0,50% va UPR/TIO,
1,00%. Ngoai ra, khi phan tich ki hon, co thé thay ring, & cuong do
dinh khoang 130 cm ctia UPR/TiO, tang lén khi ting ham lwgng clia
TiO,, Diéu nay co thé 1a do su cong huong cua nano TiO, v6i ham
luong tang dan va hinh thanh céc lién két giira TiO, voi mach phan
tir polymer, nén cuong do dinh Anatase ctia TiO, ¢ 147 cm™ ¢ su
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chuyén dich dmh va tang dan cudng do theo ham luong nano ¢ dinh
khoang 130 cm™ trong UPR/TiO,. Hon nita, khi phan tich bang hinh
anh phong dai ¢ cac dinh 398, 450 517, 639 cmr! cho thiy cac dinh
dac trung cta TiO, xuét hién trong phd raman ctia UPR va c6 cudng
do tang lén khi ting ham lwong TiO,, twong tu véi cac dinh ¢ 1000 va
1600 cm''. Diéu nay chiimg minh su' c6 mat va kha nang tuong thich
t6t cua TiO, trong mach nhya nén UPR.

3.2. Thanh phan va cdu triic héa hoc ciia vit ligu PNC UPR/TiO,

Sw c6 mat cua vat li¢u nano TiO, trong vat licu PNC UPR/TIO,
dugc xéc dinh bang két qua phan tich pho pho tan xa nang luong tia X
(EDX) trén hinh 5. Két qua trén hinh 5A cho thay, phd EDX ciia mau
nhya nén UPR ¢6 mit cta cac nguyén to C va O vai ty 16 khdi lugng
tuong tmg 1a 66,18 va 33,82%, ddy 1a thanh phan nguyén t6 chinh clia
phan tr nhya UPR, trong d6 hydro (H) khong thé c6 mit trong phd
EDX nén két qua EDX nay phu hop véi cdu triic héa hoc cua UPR
chira C, O va H [38]. Trong khi do, phé EDX cua mau UPR/TiO, cho
thdy sy hién dién cua Ti bén canh 2 nguyén t6 C va O. Viée bo sung
0,50%KL nano TiO, vao nén UPR va ham luong Ti x4c dinh duoc tir
két qua phan tich pho EDX (hinh 5B) 1a 0,44% trong khi ham lugng C
va O lan luot 14 70,32 va 29,25%KL. Két qua nay khang dinh sy ton
tai ctia vat li¢u nano TiO, trong mau PNC UPR/TiO, tong hop bang
phuong phép in-situ.

UPRITIO,

Nguyén té6  Khéi lwong %

Nguyén té6  Khéi lwong %
C 66,18 c 70,32
(o] 33,82 o 29,25
Tong 100,00 Ti 0,44
100,00

T v T T T T 1 T T T T T
1 2 3 4 5 6 7 1 2 3 a4 5
Nang lwong (keV)
(C) =—UPRITiO, 1,00%
= UPRITiO, 0,50%
——UPR

Cwong do (d.v.t.y)

2000 1500 100 500
Sé séng (cm- 1)

Hinh 5. Phé tan xa niing lwreng tia X (EDX) cta (A) UPR va (B) UPRITIO,;
Phé héng ngoai bién déi Fourier (FTIR) cia UPR va UPR/TIO, cac ham
Iweng khac nhau (C).

Céu tric hoa hoc cia mau nhya nén UPR va cic mau vét ligu PNC
UPR/TIO, dugc xdc dinh bang két qua phan tich pho FTIR (hinh 5C).
Phd FTIR clia mau nhya nén UPR trén hinh 5C cho thay, su xuat hién
ctia dinh dic trung & s6 song 742 cm! 1a dao dong ciia lién két C-H
trong nhan benzen gdy ra, dinh dac trung tai 777 cm™ gay ra boi dao
dong cua nhom ester phthalate, dinh dc trung tai s6 song 1118 cm! 1a
do dao dong cua lién két ~C-0-C-, dinh 1067 cm! ciia lién két C=C
tir qué trinh isome hoa anhydrit maleic (AM) dé tao thanh fumarate.
Ngoai ra, dinh tai xuét hién tai s6 song 1256 va 1720 cm™! dac trung
boi dao dong ciia lién két C=C va nhom cacbonyl C=0 trong nhom
ester tuong tmg cua phan tr nhwa UPR [24, 39, 40]; Phd FTIR cua
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mau vat liéu UPR/TIO, 0,50% Xudt hién cac dinh dic trung tuong tu
ctia mau nhya nén UPR va khong xuat hién thém cac dinh méi. Chimg
to vét liéu TiO, v6i ham lugng 0,50% khong lam énh hudng dén ciu
trac hoa hoc ctia nhya UPR.

3.3. Tinh chit quang ciia vit ligu PNC UPR/TiO,

Tinh chét quang cua vt liéu nano TiO,, UPR va PNC UPR/TIO,
dugce xac dinh bang phd hap thy UV-Vis tren hinh 6. Phd hép thu UV—
Vis cuia TiO, thé hién dai hip thy rong vdi bo hap thu ¢ khoang 325
em’', bao phit cac ving UVC (200-280 nm), UVB (280-315 nm), UVA
(315-400 nm). Trong khi do, phd UV-Vis ciia miu nhya nén UPR chi
thé hién su hép thy tai vuing UVC. Hon nira, d¢ dbc 16n cho théy su
hép thy kém ctia UPR trong hai khu vuc UVB (280-315 nm), UVA
(315-400 nm) con lai [41]. Pho hép thy UV-Vis cia mau PNC UPR/
TiO, 0,50% va UPR/TiO, 1,00% chi ra rang, voi sy co mat cua Ti0,,
céc suon 16i duoc phat hlen trong pho hép thy UV- Vis cua cdc mau
UPR/TiO,. Do do, c6 thé quan sat thiy sy cai thién vé muc do hip thu
¢ vung UVA va mot phan ving UVB. Khi st dung ham lugng TiO,
tang, suon 16i ciing tang 1én. Nhimg thay doi dang ké vé tinh chat
quang hoc cua vét liéu tong hop do sw ¢6 mat cia TiO, cho thdy, viéc
bd sung TiO, c6 thé cai thién kha niang chong tia cuc t1m cua chung.
Tuy nhién, kh1 cang ting ham lugng TiO, tinh thé, cang lam tang hiéu
{ing x{c tac quang cta vat lidu, co thé gy ra su pha huy céc hop chat
hiru co. Do do, ty 1¢ TiO, 16n ¢6 thé giam céc tinh chat cta vat ligu
PNC khi bi chiéu xa, ¢6 the gdy ra cac pha hiy trén bé mat vat liéu
[42].

TIiO,
UPR

UVC (100-280)

UPR/TIO; 0,50%
UPR/TiO, 1,00%

UVA (315-400)

Do hép thy (d.v.ty)

T T T T
00 300 400 500 600 700 800

Bwéc séng (nm)
Hinh 6. Phé hap thu ti ngoai kha kién (UV-Vis) cta TiO,, UPR, UPR/TIO,
0,50%, UPRITiO, 1,00%.
3.4. Tinh chit nhigt ciia vit ligu UPR/TiO,

Tinh chat nhiét cua vat lieu UPR va UPR/TiO, dugc khao
sat thong qua két qua phan tich duong TGA trén h1nh 7. Két qua
cho thay, mdi biéu do nhiét co thé duoc chia thanh 3 giai doan:
(i) giai doan 1: bay hoi dung méi tir nhiét do phong dén 200°C;

——UPR
~———UPR/TiO, 0,25%
——UPR/TiO, 0,50%
~———UPR/TIO, 0,75%
——UPR/TiO, 1,00%

-
o
=3

]
o

Khéi lwgng (%)
& 8

N
(=]
H
B
&

o

100 200 300 400 500 600 700
Nhiét dé (°C)
Hinh 7. Bwéng nhiét trong lwong (TGA) cua vt liéu UPR va UPR/TIO, cac
ham lwong khac nhau.
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(ii) giai doan 2: phan huy nhiét tir 200 dén 450°C; (iii) giai doan 3:
dbt chay tir 450 dén 580°C. Trong giai doan 1, khbi lwong déu tién
giam khoang 5% xay ra do su bay hoi ciia nudc hip thu va céc hop
chéit hitu co ton du. Trong cac giai doan tiép theo, céc biéu dd nhiét do
cho thiy trong lugng giam manh do sy xudng cép nhiét ciia cic mau
UPR. Sy phan huy cta cac polyester dugc chi ra la bat dau ¢ 200°C,
tuy nhién, phai dén khi nhiét do dat toi 350°C thi qua trinh nay méi
tang thc manh [43-45].

Su c6 mit ctia nano TiO, & cdc ham luong 0,25; 0,50; 0,75 va
1,00%KL trong vt ligu PNC UPR/TlO cho thay d6 bén nhiét dugc cai
thién thé hién 6 céc gia tri T, T, va ham leong phan tro ciia céc mau
PNC cao hon so v6i mau nhya UPR (bang 2). Trong do, mau UPR/
TiO, 0,50% co gié tri nhi¢t do tai T, , T, cao nhat dugc giai thich 1a co
thé do ¢ ty 16 nay kha nang phén tan TiO, vao nén UPR t6t nhat (xem
anh SEM) va cac hat nano TiO, véi vai tro 6n dinh nhiét bang cach lam

giam do dan nhiét va ting mat do lién két ngang [46, 47].

Bang 2. Gia tri phan tich nhiét trong lwong cua vat liéu UPR va PNC UPR/
TiO, cac ham lwgng TiO, khac nhau.

. Nhiét do Tro & 700°C
Mau 0
Tll) T50 Tl dinh/TZ dinh ( /0 KL)

UPR 322,09 399,40 419,04/570,62 0,00
UPR/TIO, 0,25% 346,10 41324 437,06/579,27 0,28
UPR/TiO,0,50% 352,15 415,60 437,70/585,77 0,03
UPR/TiO,0,75% 335,32 413,39 433,75/580,11 0,19
UPR/TIO, 1,00% 336,34 41333 436,82/580,62 049

Pé lam séng to vé anh huong cua nano TiO, dén cac tinh chat cia
nhya UPR, ching t6i da tién hanh phén tich co dong luc (DMA) cia
mau nhya UPR va vt ligu PNC UPR/TIO, 0,50%, két qua phan tich
dugc thé hién ¢ hinh 8.

2000 - UPR 50,8
UPR/TIO, 0,50% |
1500 | 196
=
B
= 10,4
£ 1000 £
= =
=]
= 10,2
500
0.0
° ‘ : . , T ;
40 60 80 100 120 140 160

Nhigt 49, °C
Hinh 8. Mudule tich trir va hé sé phan tan (tand) ctia nhwa nén UPR va
vat liéu PNC UPR/0,50%TiO, theo nhiét do.

Module tich trit (E') cia mau nhwa UPR va vét liéu PNC UPR/
TiO, 0,50% theo nhi¢t d§ ¢ hinh 8 cho théy, su hién dién cuia nano
TiO, trong vat ligu PNC UPR/TiO, 0,50% da gitp module tich trir
cua vat liéu PNC cao hon so véi UPR. Nhya UPR c¢6 module tich trir
¢ 40°C khoang 995 MPa. Khi c6 mat TiO,, module tich trit ting Ién
1566 MPa, tang khoang 57,3% so voi module tich trir cia UPR. Do
do, su c6 mit cua TiO, da lam ting nang lugng tich trit bén trong clia
vat liéu, gitp cho vt heu PNC UPR/TIO, 0,50% bén hon véi céc tac
nhan bén ngoai, khi néng luong tich trit 1a ning luong can dé gy ra
pha hiy vat li¢u cao hon.
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Bén canh d6, nhiét do chuyén hoa thay tinh (Tg) cta mau vat lidu
UPR/TIO, la 87,7°C (dinh cua dudng parabol mau xanh) ting Ién
~10°C so voi mau UPR (Tg—78 7°C, dinh duong parabol mau do)
(twong dwong ting 11,4%). Két qua ndy cho thiy, mat do lién két
ngang cua vat licu PNC UPR/TIO, tang Ién [48]. Hon nira, gid tri cuc
dai tand cua vat liéu PNC UPR/TlO , giam xuong (hinh 8) so véi gié tri
tand cia UPR, thé hién ring d¢ hnh dong phan tir cua mach phan tir
polyester giam sau khi tuong téc v6i céc hat nano TiO, [49]. Vit liéu
nano UPR/TIO, s¢ hiru gid tri E” cao hon va gia tri tan6 thap hon so
voi UPR, xac nhan lién két manh mé gitta cac hat nano 'TiO, va mach
polymer. Sy trong tac nay 6 thé duge quy cho lién két hydro manh
v lién két giita cc hat nano va chudi polymer. Day ciing 1a minh
chung cho su tang cua cac tinh chét ctia vat liéu UPR/TiO, so v6i nhya
UPR thong thuong [50, 51].

3.5. Tinh chit co hoc ciia vit ligu UPR/TiO,

Céc tinh chat co hoc ciia UPR/TiO,, bao gdm céc do bén ubn va
do ben kéo di dugc nghién clru dé xéc dlnh anh huong cua TiO, dén
do 6n dinh tinh chat co hoc cua vét liéu PNC UPR/TIO, thu duoc
Hinh 9A cho thay, d6 bén udn cta cic mau to hop UPR va UPR/TlO
vé ' cuong d6 va module (hinh 9B) ¢ cac ham lugng TiO, khac nhau
Két qua chi ra rang, viéc bd sung TiO, dan dén cai thlen 11,9-20,1%
o bén udn va 3,0-10,0% module udn ciia vat liéu PNC UPR/TIO, so
v6i UPR. Ham luong TiO, cang cao thi tinh chat udn cta vat liéu cang
duoc cai thién tot hon. Ngoa1 ra, mot két qua twong ty da dugc quan
sat thdy ¢ do bén kéo (hinh 9C) va module kéo (hinh 9D) cua vat liéu
PNC UPR/TiO,. Sy cai tién duoc tinh toan 1a 7,2-12,2% vé d bén kéo
va 3,0-15,1% ve module kéo. Ham luong TiO, cao hon cling dan dén
nhiing cai tién tot hon vé d6 bén udn va do ben kéo cua vat li¢u PNC
UPR/TiO, thu duge. Do do, vigc bd sung nano TiO, khong lam gian
doan qua trmh hinh thanh lién két ngang styrene trong nén UPR. Hon
ntra, TiO, dé thé hlen vai tro chat gla cuong hidu qua cho nhiéu vat
liéu nanocomposne tong hop trén nén polymer khac nhau [22, 52, 53].
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Hinh 9. Tinh chét co hoc ciia vat ligu UPR va UPRITIO,. (A) D9 bén uén; (B)
Module uén; (C) Do bén kéo; (D) Module kéo.

3.6. Khd ning chiu birc xa ultraviolet ciia vit ligu UPR/TiO,

Kha ning chiu biic xa UV cta mau nhya UPR va vét liéu PNC
UPR/TIO, ¢ céc ty 1€ TiO, khac nhau dugc danh gia khi phoi nhiém
cac mau vat liéu trén thlet bi UV Test theo tiéu chuan ASTM G154-
06:2006 trong thoi gian tir 0 dén 1.000 gio. Sy bién d6i mau AE cia
cac mau theo thoi gian chiéu UV dugc trinh bay ¢ hinh 10.
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Két qua tir hinh 10 cho thdy, gi4 tri AE cia mau UPR da ting
manh ngay trong 400 gio dau tién dat dén gia tri 30. Sau d6, mic du
qué trinh da cham lai nhung gi4 tri AE van c6 xu huéng tang 1én dén
gié tr 40 sau 1.000 gios chiéu UV. Trong khi d6, cac miu vét lisu PNC
UPR/TiO, cho théy kha nang chiu birc xa UV dugc cai thién mot cach
dang ké: ngay ca o hém }uqng TiO, thap nhét~ 12 0,25%KL. Sau 1.000
gio chieu UV, sy bién do6i mau AE cua cdc mau UPR/TiO, giém manh
so voi gia tri AE cua mau UPR trong toan bo thoi gian chiéu UV. Khi
tang hém} lugng TiO, trong mau UPR/TiOZ,,AE gidm dan ¢ ciing thoi
gian chiéu UV, trong do, sau 1000 gio chicu UV, gid tri AE cta céc
mau vat liéu PNC UPR/x%TiO, véi x=0,25; 0,50; 0,75 va 1,0%KL
twong ung la 17.5; }5,1; 17,,5 Ve‘} 15,5. Ham lugng TiO, cao hon (0,75
va 1,0%KL) cho thay sy bién d6i mau AE tuong duong véi mau UPR/
TiO, 0,50%. Nhu vay, & ham luong TiO, 1a 0,50%KL cho théy kha
nz“}ng chiu buc xa uv ,cfla vat ligu UPR/TIO, 1a toi wu, mirc do bién
doi mau AE 1a thap nhat, AE giam 62,3% so v&i gid tri AE cua UPR.

——UPR

| =@= UPRITI0, 0,25% AE =,14°'0
4 | UPRITIO, 0,50% 3

. UPRITIO; 0,75%

—@— UPRITIO, 1,00%

0 100 200 300 400 500 600 700 80O 900 1000 1100

Thei gian chiéu UV (gi®)

Hinh 10. Sy bién déi mau AE cua vit ligu UPR va vit liéu PNC UPRITIO, &
cac ty |é TiO, khac nhau.

Vit ligu TiO, c6 kha nang hép thy tia UV tot nhung kha nang
quang xuc tac la tac dung phu cta qua trinh hap thu tia UV. Trong qua
trinh quang xic tac, khi tiép xic v6i tia UV, co thé sinh ra cic goc
tu do, gdy ra pha huy cac mach polymer. Do d6, ¢ ham luong TiO,
1,00%, TiO, dong vai tro ch@t gia cuong cho mach polymery, lam téng
do bén co ly... nhung khi tiép xtic vai tia UV, kha nang hap thu UV
tot hon dugc phan tich bang phd UV-Vis (hinh 6), c6 thé gay ra hiéu
ung quang xuc tdc manh gy pha huy mach polymer [42, 54 55]. Khi
d6, & ham lugng 0,50% c6 thé hiéu (ng quang xtc tac yéu hon nén
cho théy sy ting cuong ¢ kha nang chiu UV t6i uu.

Dudi tac d(f)ng cua buc Xa UV, bé mat vét lidu UPR va UPR/TIO,
0,50% sy thay doi twong doi 16 rét. Quan sat hinh anh SEM (hinh
11) cho thdy, bé mat vét liéu UPR sau khi chiéu UV ¢ 1000 gios (hinh
11B) xuét hién cac vét nut giy 16n, ddy duoc coi la sy pha v chu tric
mach phan tr polymer dudi tac dong cua buc xa UV gy ra, trong khi
bé mat UPR trudc khi chiéu UV thi khong xuat hién cac vét nit nay
(hinh I}A). Tuy nhién, I,nau vat liu UPR/TIO, 0,50% cho thdy, sau
khi chiéu UV khong xuat hién tuong nit, gay trén bé mit, ching to
kha nang chiu birc xa UV cua vat ligu UPR/TiO, da tdng cuong mot
cach 13 rét. V6i ham lugng 0,50% TiO, thé hién tot nhit kha ning chiu
UV, tinh chat nhiét do do, dugc chon lya dé sir dung cho cac khao sat
tiép theo.



Hinh 11. B& mat vat liéu UPR trwéc (A) va sau khi chiéu ultraviolet (B)
UPR/0,50%TiO, trwéc (C) va sau khi chiéu ultraviolet (D).

bé danh gia kha nang chdng birc xa UV ciia vét liéu UPR va
UPR/TiO, da tién hanh phén tich pho FTIR ciia vat liu truée va
sau khi chleu UV (hinh 12). Két qua phan tich phd FTIR ciia mau
vat licu UPR/TiO, cho thay, khong c6 dinh dic trung méi xuat
hién so v6i phd FTIR cua UPR, chimg t6 sy ¢6 mt cua nano TiO,
khong gay anh huong dén céu trac hoa hoc cua nhwa UPR. So sanh
pho FTIR ctia mAu nhya UPR sau 1000 gio chiéu UV voi miu
nhya UPR trudc khi chiéu nhan thy, dinh dic trung ¢ 777 cm’!
cua nhom ester phthalate giam manh do sy phan hiy cac mach
ester, dinh 1118 cm! cua lién két —C-O-C— giam do su pha v cau
triic ciia cac mach chinh, dinh 1256 cm™ ddc trung cho lién két
C=C trong mach UPR giam do cac lién két C=C bj tin cong boi tia
UV va tao cac goc tw do, dinh 1720 cm’! ctia nhém cacbonyl C=0
trong nhom ester clia nhya UPR gidm manh do sy phan huy cia
cac mach ester dudi tac dong cuia buc xa UV.
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=== UPRITIO, 0.50% Oh
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Hinh 12. Phd hdng ngoai bién dbéi Fourier (FTIR) chia vat liéu UPR
va UPRITiO, 0,50% trwéc va sau khi chiéu ultraviolet.

Déi voi mau UPR/TiO,, sy giam cuong d§ dinh ddc trung cua
cac nhom chirc trong pho F TIR cua UPR/TIO, sau 1.000 gio chiéu
UV ciing dién ra twong ty nhu miu nhya UPR tuy nhién murc do
gidm cudng do cac dinh lién két dic trung & mirc thap hon, chung
t6 kha nang chiu birc xa UV cua vt ligu UPR/TiO, tot hon vét liéu
UPR nén kha nang chdng lai su tic dong cua buc xa UV cta vat
ligu UPR/TiO, cao hon.

&E%?\IAG NGHE 67(3) 3.2025

s Khoa hoc Ky thuat va Céng nghé | Ky thuat vat liéu va luyén kim, Céng nghé nano

, ]
i | Y 1
i \C¢D /N k( c’ k
l o f"
O ﬂm ,.M'éﬁ‘
) Wach UPR b phin hiy
w AR
/ AT ! J"{: %
£:30-3280 ‘ \ 2

(‘:— +hy H b{

/ Mi

Mach UPRITIO, duwoc béo vé khi bj chibu tia UV

UPRITO,

Hinh 13. Co’ ché phan hay UPR béi birc xa ultraviolet va co ché chéng
birc xa ultraviolet cua UPRI/TIO,.

Su tac dong cua buc xa UV vao vat li¢u UPR duge mo ta 1a qua
trinh hinh thanh céc gdc tw do trong nén polymer, sw lio hoa, pha
v chu trac mach phan tir cua UPR dugc minh hoa trong hinh 13.
Trai lai, nho kha nang hép thu nang lugng buc xa vuot troi trong
vung UV (hinh 6), TiO, s& hép thy néngqluqng birc xa UV va tao ra
electron ¢ trang thai kich thich va chuyén electron dugc kich thich
tir dinh ving hoa tri (VB) 1én d4y ving dan (CB) va lam gidm tac
dong truc tiép cta birc xa UV 1én nhua nén UPR [56, 57], két qua
la 1am tang kha nang hép thy birc xa UV cua vt ligu UPR/TIO,.

Nhu vy, su vuot tri vé cac dic tinh, tinh chét co 1y va kha
nang chiu UV cua mau vat liéu UPR/TiO, 0,50% da dugc minh
chung, do do, chung toi da lya chon hé vat liéu nanocomposite
UPRJ/TIO, 0,50% nay cho cdc thir nghiém tiép theo.

3.7. Ung dung UPR/TiO, trong ché tao sdn phcfm da nhan
tao géc thach anh cao cip

Vi dac tinh chéng tia cuc tim dugc cai thign, UPR/TiO, hira
hen s€ phat trién cac vat li¢u chong chiu thoi tiét va birc xa UV cho
cac tmg dung ngoai troi. Trong cong trinh nay, chiing toi da ché tao
san ph?im da I}hén tao géc thach anh sﬁ’dl_mg hé nhl_l’?. UPR/TIO,
0,50% dugc tong hop ¢ ndi dung trén ket hop vdi chat gia cuong
¢t lidu thach anh. Tién hanh danh gia kha ning chiu bic xa UV
ctia mau da nhan tao géc thach anh st dung nhua nén UPR/TiO,
0,50% so v6i mau da nhan tao st dung nhya UPR thong qua su
bién d6i mau sic bé mit mau d4 nhan tao sau 1000 gids chiéu birc
xa UV. Két qué trén hinh 14A cho thy, su bién doi mau sic AE cia
mau d4 nhan tao sir dung hé nhya UPR/TiO, sau 1000 git chiéu la
6,5 trong khi st dung nhya UPR, gia tri AE thu dugc 1a 8,3. Nhu
vay, muic do bién d6i mau AE cua miu da nhan tao st dyung nhya
nén UPR/TiO, giam 20% so vdi khi st dung nhya nén UPR, dong
nghia vdi kha nang chong birc xa UV cua san pham da nhan tao
tang 20%.
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Hinh 14. Kha nang chiu tia ultraviolet cia vat liéu da nhan tao géc
thach anh cao cép st dung hé nhwa PNC UPR/TIO,. (A) Sv bién doi
mau séc théng qua chi sb AE; (B, C) Hinh anh mau da nhan tao chup
thwc t& sau 1000 gi® chiéu.

Quan sat hinh anh mau chup thyc té (hinh 14B, 14C), c6 thé d&
dang nhan théy, mau d4 nhan tao st dung nhya UPR sau thoi gian
dai chiéu UV sé bi bién d6i mau theo xu huéng vang dam din gay
mat tinh thim my cta san pham. Trong khi do, mau da nhén tao co
st dung h¢ UPR/TIO, 0,50% cho thay su bén mau tt hon va van
giit dugc mau tring cung nhu tinh thim my cta bé mat san pham.

4. Két luan

Vit ligu PNC UPR/TiO, dugc tong hop thanh cong bang
phuong phap trung hop in- 51tu Sy c6 mat cua hat nano TiO, trong
qué trinh tong hop khong anh hudng dén ciu ciu tric hoa hoc cua
nhya UPR. Tuy nhién, sy ¢6 mit cua thanh phan TiO ,trong vét li¢u
PNC UPR/TiO, 0,05% da gop phan cai thién mot s tinh chét co
ly, do bén nh1et va tinh chat co dong luc ciia vat lidu PNC thu dugc
thé hién & gia tri T, cua vat liéu PNC tang 11,4%; module tich trix
(E’) tang 57,3% s0 voi miu nhya UPR. Bén canh do, sy c6 mat
cua nano TiO, gitp tang kha nang hép thu nang luong birc xa UV
va bao vé nén UPR tot hon dudi tac dong ciia birc xa UV thé hién
& kha nang chong buc xa UV cua vét ligu PNC UPR/TiO, 0,50%
tang 62,3% so véi UPR. D4 thach anh nhén tao dugc che tao boi
PNC UPR/TiO, 0,50% thé hién kha nang chiu birc xa UV cao hon
20% so voi viée st dung nhya UPR.

Nghién ctru nay & xudt mot phuong phap hiéu qua cao, don
gian dé tong hop vat lidéu NPC UPR/TIO, voi do bén nhiét va kha
nang chiu bire xa UV dugc tang cudng. Tu gbc 49 thuc te két qua
nghién ctru da cho thay tiém ning dang ké cuia vat liéu to hop PNC
UPR/TIO, trong viéc m¢ rong cac (mg dung dé ché tao vat liéu
composite mg dung ngoai troi trén quy mo cong nghiép.

L01 CAM ON

Nghién ciru nay dugce hd tro bai Cong ty CO phan Vicostone va
Cong ty C6 phan Tap doan Phuong Hoang Xanh A&A. Nhom tic
gia xin cam on sy hd trg do Raman & UV-Vis tir Phong thi nghiém
NEB tai Truong Dai hoc Phenikaa, SEM tir IMS-VAST, do kiém
tra FTIR, TGA, UV ciia Cong ty C6 phan Vicostone.

&%HN%?-IE 67(3) 3.2025

TAI LIEU THAM KHAO

[1] S. Thomas, M. Hosur, C.J. Chirayil (2019), Unsaturated Polyester Resins:
Fundamentals, Design, Fabrication, and Applications, Elsevier, 656pp.

[2] PA. Tuan (2016), Research and Manufacture of Ecological Composite
Materials from Epoxidized Linseed Oil Reinforced with Quartz and Glass, Application
in The Production of Artificial Marble, Doctoral Thesis in Chemical Engineering,
Hanoi University of Science and Technology (in Vietnamese).

[3] W. Yunying, M. Jangyan (2010), “Ageing mechanism of ortho-phthalic
anhydride unsaturated polyester resin”, High Performance Structures and Materials
V, WIT Press, pp.355-362.

[4] A.G. Woodruff (1971), “Technology in the ancient world”, Electronics and
Power, 17(2), DOL: 10.1049/ep.1971.0065.

[5]1 M. Alger (1996), Polymer Science Dictionary, Springer Dordrecht, 1008pp.

[6] J.A. Brydson (1989), Plastics Materials, 5" ed., Butterworth-Heinemann,
pp-654-665.

[7]1A. Kandelbauer, G. Tondi, O.C. Zaske, et al. (2014), “6 - Unsaturated polyesters
and vinyl esters”, Handbook of Thermoset Plastics, 3" ed., William Andrew Publishing,
pp.111-172, DOI: 10.1016/B978-1-4557-3107-7.00006-3.

[8] H.F. Mark, A. Seidel (2014), Encyclopedia of Polymer Science and Technology,
Wiley, 15pp.

[9]A. Beltran, L. Gracia, J. Andres (2006), “Density functional theory study of the
brookite surfaces and phase transitions between natural titania polymorphs”, J. Phys.
Chem. B, 110(46), pp.23417-23423, DOLI: 10.1021/jp0643000.

[10] K.M. Reddy, S.V. Manorama, A.R. Reddy (2003), “Bandgap studies on
anatase titanium dioxide nanoparticles”, Mater. Chem. Phys., 78(1), pp.239-245, DOI:
10.1016/S0254-0584(02)00343-7.

[11] N. Serpone (2006), “Is the band gap of pristine TiO, narrowed by anion-
and cation-doping of titanium dioxide in second-generation photocatalysts?”, J. Phys.
Chem. B, 110(48), pp.24287-24293, DOI: 10.1021/jp065659r.

[12] K. Niihara (1991), “New design concept of structural ceramics”, J. Ceram.
Soc. Jpn., 99(1154), pp. 974-982, DOI: 10.2109/jcersj.99.974.

[13] V. Goodarzi, S.A. Monemian, F. Maleki, et al. (2008), “In situ radical
copolymerization in presence of surface-modified TiO, nanoparticles: Influence of a
double modification on properties of unsaturated polyester (UP) nanocomposites”,
Journal of Macromolecular Science, Part B: Physics, 47(3), pp.472-484, DOI:
10.1080/00222340801955065.

[14] M.T. Rahman, M.A. Hoque, G.T. Rahman, et al. (2019), “Study on the
mechanical, electrical and optical properties of metal-oxide nanoparticles dispersed
unsaturated polyester resin nanocomposites”, Results in Physics, 13, DOI: 10.1016/.
1inp.2019.102264.

[15] V.MLF. Evora, A. Shukla (2003), “Fabrication, characterization, and dynamic
behavior of polyester/TiO, nanocomposites”, Materials Science and Engineering: A,
361(1-2), pp.358-366, DOIL: 10.1016/S0921-5093(03)00536-7.

[16] M. Anggaravidya, E. Budianto, I. Gunawan (2012), “Synthesis and
characterization of polyester-based nanocomposite”, Procedia Chemistry, 4, pp.107-
113, DOL: 10.1016/j.proche.2012.06.016.

[17] C. Jiang, C. Jin, M. Wei, et al. (2018), “Mechanical and thermal properties
improvement of unsaturated polyester resin by incorporation of TiO, nanoparticle
surface modified with titanate”, Materials Research Express, 5(11), DOI: 10.1088/2053-
1591/aadc42.

[18] X. Chen, M. Wan, M. Gao, et al. (2020), “Improved flame resistance properties
of unsaturated polyester resin with TiO,-M, O, solid superacid”, Chinese Journal of
Chemical Engineering, 28(9), pp.2474-2482, DOI: 10.1016/j.cjche.2020.06.018.

[19] F. Chu, Z. Xu, Y. Zhou, et al. (2021), “Hierarchical core-shell TiO,@
LDH@NIi(OH), architecture with regularly-oriented nanocatalyst shells: Towards
improving the mechanical performance, flame retardancy and toxic smoke suppression
of unsaturated polyester resin”, Chemical Engineering Journal, 405, DOIL: 10.1016/].
¢€j.2020.126650.

[20] C.V. More, S.N. Botewad, F. Akman, et al. (2023), “UPR/Titanium dioxide
nanocomposite: Preparation, characterization and application in photon/neutron
shielding”, Applied Radiation and Isotopes, 194, DOI: 10.1016/j.apradiso.2023.110688.

61



[21] C. Qin, Q. Jin, J. Zhao, et al. (2023), “Study on the mechanical characteristics,
heat resistance, and corrosion resistance of unsaturated polyester resin composite”,
Buildings, 13(7), DOI: 10.3390/buildings13071700.

[22] C. Cazan, A. Enesca, L. Andronic (2021), “Synergic effect of TiO, filler
on the mechanical properties of polymer nanocomposites”, Polymers, 13(12), DOIL:
10.3390/polym13122017.

[23] N.X. Ho, T.A. Pham, H.T. Ha, et al. (2021), “Enhancement of UV resistance
and thermal stability of the unsaturated polyester material by introducing MHHPA
fragment into the molecular skeleton”, Proceedings of The 2" Annual International
Conference on Material, Machines and Methods for Sustainable Development,
Springer International Publishing, pp.428-436.

[24] S.A. Nguyen, T.Q. Dong, M.Q. Doan, et al. (2023), “Boosting the ultraviolet
shielding and thermal retardancy properties of unsaturated polyester resin by employing
electrochemically exfoliated e-GO nanosheets”, RSC Advances, 13(37), pp.25762-
25777, DOL: 10.1039/D3RA03762B.

[25] T. Theivasanthi, M. Alagar (2013), “Titanium dioxide (TiO,) nanoparticles
XRD analyses: An insight”, Chemical Physics, DOI: 10.48550/arXiv.1307.1091.

[26] A. Tbrahim, W. Mekprasart, W. Pecharapa (2017), “Anatase/rutile TiO,
composite prepared via sonochemical process and their photocatalytic activity”,
Materials Today: Proceedings, 4(5), pp.6159-6165, DOL: 10.1016/j.matpr.2017.06.110.

[27] Q. Zhang, L. Gao, J. Guo (2000), “Effects of calcination on the photocatalytic
properties of nanosized TiO, powders prepared by TiC,, hydrolysis”, Applied Catalysis
B: Environmental, 26(3), pp.207-215, DOIL: 10.1016/S0926-3373(00)00122-3.

[28] R.I. Bickley, T.G. Carreno, J.S. Lees, et al. (1991), “A structural investigation
of titanium dioxide photocatalysts”, Journal of Solid State Chemistry, 92(1), pp.178-
190, DOL: 10.1016/0022-4596(91)90255-G.

[29] G. Li, L. Chen, M.E. Graham, et al. (2007), “A comparison of mixed phase
titania photocatalysts prepared by physical and chemical methods: The importance
of the solid-solid interface”, Journal of Molecular Catalysis A: Chemical, 275(1-2),
pp.30-35, DOI: 10.1016/j.molcata.2007.05.017.

[30] R.R. Bacsa, J. Kiwi (1998), “Effect of rutile phase on the photocatalytic
properties of nanocrystalline titania during the degradation of p-coumaric acid”, Applied
Catalysis B: Environmental, 16(1), pp.19-29, DOIL: 10.1016/S0926-3373(97)00058-1.

[31] G. Li, C.P. Richter, R.L. Milot, et al. (2009), “Synergistic effect between
anatase and rutile TiO, nanoparticles in dye-sensitized solar cells”, Dalton Transactions,
45, pp.10078-10085, DOI: 10.1039/B908686B.

[32] D.A. Hanaor, C.C. Sorrell (2011), “Review of the anatase to rutile phase
transformation”, Journal of Materials Science, 46, pp.855-874, DOIL: 10.1007/s10853-
010-5113-0.

[33] R. Baskaran, M. Sarojadevi, C.T. Vijayakumar (2011), “Mechanical and
thermal properties of unsaturated polyester/calcium carbonate nanocomposites”,
Journal of Reinforced Plastics and Composites, 30(18), pp.1549-1556, DOL:
10.1177/0731684411424630.

[34]N. Bing, J. Yang, H. Gao, et al. (2021), “Unsaturated polyester resin supported
form-stable phase change materials with enhanced thermal conductivity for solar
energy storage and conversion”, Renewable Energy, 173, pp.926-933, DOI: 10.1016/j.
renene.2021.04.033.

[35] W. Ma, Z. Lu, M. Zhang (1998), “Investigation of structural transformations
in nanophase titanium dioxide by Raman spectroscopy”, Applied Physics A, 66, pp.621-
627, DOI: 10.1007/s003390050723.

[36] M. Mazilu, A.C.D. Luca, A. Riches, et al. (2010), “Optimal algorithm for
fluorescence suppression of modulated Raman spectroscopy”, Optics Express, 18(11),
pp-11382-11395, DOLI: 10.1364/0E.18.011382.

[37]J. Hazekamp, M.G. Reed, C.V. Howard, et al. (2011), “The feasibility of cryo
In-SEM Raman microspectroscopy”, Journal of Microscopy, 244(2), pp.122-128, DOL:
10.1111/.1365-2818.2011.03515.x.

[38] B.A. Jdayil, M. Adi, F.A. Ghaferi, et al. (2021), “Physical and thermal
insulation properties of the composites based on seawater-neutralised bauxite residue”,
Journal of Hazardous Materials, 403, DOI: 10.1016/j.jhazmat.2020.123723.

[39] A.T. Pham, K.D. Do, H.T. Ha, et al. (2023), “Enhancing mechanical
and electrical properties of phthalic anhydride-based unsaturated polyester resin
by structural modification using methylhexahydrophthalic anhydride”, Polymer
Engineering & Science, 63(7), pp.1912-1920, DOIL: 10.1002/pen.26333.

KHOA
&CONGHI\?GCI:-IE

67(3) 3.2025

s Khoa hoc Ky thuat va Céng nghé | Ky thuat vat liéu va luyén kim, Céng nghé nano

[40] P. Paczkowski, A. Puszka, B. Gawdzik (2022), “Investigation of degradation
of composites based on unsaturated polyester resin and vinyl ester resin”, Materials,
15(4), DOI: 10.3390/ma15041286.

[41] N. Kollias, E. Ruvolo, R.M. Sayre (2011), “The value of the ratio of UVA
to UVB in sunlight”, Photochemistry and Photobiology, 87(6), pp.1474-1475, DOIL:
10.1111/1.1751-1097.2011.00980.x.

[42] M.M. Kamrannejad, A. Hasanzadeh, N. Nosoudi, et al. (2014), “Photocatalytic
degradation of polypropylene/TiO, nano-composites”, Materials Research, 17,
pp.1039-1046, DOL: 10.1590/1516-1439.267214.

[43] D.A. Anderson, E.S. Freeman (1959), “The kinetics of the thermal
degradation of the synthetic styrenated polyester, laminac 4116™, Journal of Applied

Polymer Science, 1(2), pp.192-199, DOI: 10.1002/app.1959.070010210.

[44] G.S. Learmonth, A. Nesbit (1972), “Flammability of polymers. v. thermal
volatilisation analysis of polyester resin compositions”, British Polymer Journal, 4(4),
pp.317-325, DOL: 10.1002/pi.4980040407.

[45] Y. Bautista, A. Gozalbo, S. Mestre, et al. (2017), “Thermal degradation
mechanism of a thermostable polyester stabilized with an open-cage oligomeric
silsesquioxane”, Materials, 11(1), DOI: 10.3390/mal1010022.

[46] P.K. Ghosh, A. Pathak, M.S. Goyat, et al. (2012), “Influence of nanoparticle
weight fraction on morphology and thermal properties of epoxy/TiO, nanocomposite”,
Journal of Reinforced Plastics and Composites, 31(17), pp.1180-1188, DOI:
10.1177/0731684412455955.

[47] K. Kumar, PK. Ghosh, A. Kumar (2016), “Improving mechanical and
thermal properties of TiO,-epoxy nanocomposite”, Composites Part B: Engineering,
97, pp.353-360, DOL: 10.1016/j.compositesb.2016.04.080.

[48] B. Biswas, N.R. Bandyopadhyay, A. Sinha (2019), “Chapter 16 - mechanical
and dynamic mechanical properties of unsaturated polyester resin-based composites”,
Unsaturated Polyester Resins, Elsevier, pp.407-434, DOI: 10.1016/B978-0-12-
816129-6.00016-8.

[49] A. Badawi (2015), “Characterization of the optical and mechanical properties
of CdSe QDs/PMMA nanocomposite films”, Journal of Materials Science: Materials
in Electronics, 26, pp.3450-3457, DOIL: 10.1007/s10854-015-2854-1.

[50] Z. Dai, G. Wang, L. Liu, et al. (2016), “Mechanical behavior and properties
of hydrogen bonded graphene/polymer nano-interfaces”, Composites Science and
Technology, 136, pp.1-9, DOI: 10.1016/j.compscitech.2016.09.005.

[51] L. Bistri¢i¢, G. Baranovi¢, M. Leskovac, et al. (2010), “Hydrogen bonding
and mechanical properties of thin films of polyether-based polyurethane-silica
nanocomposites”, European Polymer Journal, 46(10), pp.1975-1987, DOI: 10.1016/j.
eurpolymj.2010.08.001.

[52] A. Saritha, K. Joseph, A. Boudenne, et al. (2011), “Mechanical,
thermophysical, and diffusion properties of TiO,-filled chlorobutyl rubber composites”,
Polymer Composites, 32(10), pp.1681-1687, DOI: 10.1002/pc.21205.

[53] A.H.I. Mourad, M.S. Mozumder, A. Mairpady, et al. (2017), “On the injection
molding processing parameters of HDPE-TiO, nanocomposites”, Materials, 10(1),
DOI: 10.3390/mal0010085.

[54] M. Tu-morn, N. Pairoh, W. Sutapun, et al. (2019), “Effects of titanium dioxide
nanoparticle on enhancing degradation of polylactic acid/low density polyethylene
blend films”, Materialstoday: Proceedings, 17(4), pp.2048-2061, DOI: 10.1016/j.
matpr.2019.06.253.

[55] J. Schneider, M. Matsuoka, M. Takeuchi, et al. (2014), “Understanding TiO,
photocatalysis: Mechanisms and materials”, Chemical Reviews, 114(19), pp.9919-
9986, DOI: 10.1021/cr5001892.

[56] J. Zhao, Y. Yang, Y. Li, et al. (2017), “Microencapsulated phase change
materials with TiO,-doped PMMA shell for thermal energy storage and UV-
shielding”, Solar Energy Materials and Solar Cells, 168, pp.62-68, DOIL: 10.1016/j.
solmat.2017.04.014.

[S7] A. Chatterjee (2010), “Properties improvement of PMMA using nano TiO,”,
Journal of Applied Polymer Science, 118(5), pp.2890-2897, DOIL: 10.1002/app.32567.

62



