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Abstract

The deposition of ZnO on CNTs has been prepared by a sol-gel method. The CNT/ZnO nanocomposites
synthesized were characterized by Fourier Transform Infrared (FTIR), X-ray diffraction (XRD) and scanning electron
microscopy (SEM) methods. The analyses show that the nano ZnO deposition on CNT was crystalline in the form of
hexagonal wurtzite structure. The average particle size of ZnO deposition on CNT is about 10 nm. The CNT/ZnO
nanocomposites were incorporated into a polyurethane coating for improving the UV resistance of the coating. The
Electrochemical Impedance Spectroscopy (EIS) measurement was performing during UV exposure for characterize the
UV resistance of the coating. The corrosion resistance of polyurethane coatings containing 0.1 wt.% CNT/ZnO in UV

radiation was higher than that polyurethane and polyurethane coatings containing CNT or ZnO at the same rate.

Keywords. Carbon nanotube, nano ZnO, nano composite CNT/ZnO, polyurethane, UV resistance.

1. MO PAU

Hién nay, nano oxit kém (ZnO) da dugc dugc su
dung 1am phu gia chéng UV trong céc linh vuc dugc
pham, cong nghé son do c6 kha niang hép thu cic tia
UVA va UVB[1]. Bén canh d6, nano ZnO con cé
kha ndng Ung dung trong nganh céng ngh¢ polime
nho cac hiéu ung & kich thudc nano. Shailesh K.
Dhoke da nghién ctru st dung nano-ZnO véi kich co
hat duéi 50 nm trong I6p pha alkyd va I6p phu
alkyd-silicon [2, 3]. Két qua cho thay véi nong do
nano ZnO rat thap (dudi 0,3 %) c6 thé ting kha ning
chéng dn mon, chéng cao xudc va chéng mai mon
caa l6p phu. Thém vao do, sy cé mat caa nano ZnO
khong anh huéng dén d6 trong quang hoc cua lop
phu, thay vao do cac hat nano con cé kha nang tang
d6 bén coa polyme, giam l40 héa. Mot sé nghién
ctru khéc vé vai tro ctia nano ZnO trong nhya acrylic
[4], nhua polyuretan [5] ciing cho thiy su cai thién
cac tinh chit co hoc va mot s6 tinh chéat dac biét nhu
chéng tinh dién, chong vi khuan khi nano ZnO dugc
dua vao 16p phu. Tuy nhién, hoat dong cua ZnO gay
ra mot sé tuong tac voi polyme va cé trudong hop
anh huong dén qua trinh dong rin cua mang phu.
Nano ZnO va nano ZnO bién tinh bang silan di
dugc sir dung 1am chét hap thy UV tng (dung trong
16p phu polyuretan [6, 7]. Nano ZnO & nong do thap
0,1 % di tang dang ké d6 bén UV cia mang son va
c6 tac dung ting kha ning bao vé chéng an mon cia
16p pht polyuretan.

Cac tinh chét x(c tac quang cua nano ZnO trong
ving UVA va UVC ciing dugc nang cao khi bién
tinh vai cac hop chit vo co khac nhu oxit titan, SiO,
va 6ng cac bon nano da vach [8].

Bén canh d6, 6ng cachon nano tube (CNT) ciing
dang dugc (mg dung rong rai dé 1am phu gia cho vat
liéu polyme nho ¢6 céu trac dac biét va nhiéu tinh
chit ndi troi nhu co6 d6 bén kéo duat modun dan hoi
cao nho lién két sp2 cua cac nguyén tir cacbon, cO
tinh dan nhiét, din dién nhu mot kim loai hodc chit
ban dan tuy thudc vao do tinh khiét. CAu trac cua
CNT gdm 2 ciu tric chinh: cu trac don vach va da
vach. CNT don vach c6 cau trac 1 16p graphit tao
thanh 6ng hinh tru, dudng kinh khoang 1 nm va
chiéu dai c6 thé gip hang ngan lan hoic hon. Ciu
trac cia CNT da vach gom nhiéu 16p graphit cudn
lai v&i nhau tao thanh éng hinh tru c6 dudng kinh tir
50 dén 150 nm va chiéu dai khoang 200 pm tiy theo
diéu kién ché tao [9]. Cac két qua nghién ciru cho
thdy CNT duoc oxi hoa [10] va bién tinh CNT béng
oxit sat tir [11], bang cac hop chét hitu co silan [12],
hap thy cac chit hitu co bao vé co thé Gmg dung
trong ché tao ra cac 16p phu epoxy va polyuretan
nanocompozit ¢ cac tinh chat co 1y, kha ning bao
vé chong an mon va do bén UV duoc cai thién.

Nghién ctiu két taa nano ZnO 1én bé CNT ¢ thé
lam giam e luc lién két Van der Waals gitta bé mit
CNT, lam tang khéi lugng riéng cua vat liéu, gitp
cho qué trinh phén tan va 6n dinh hon trong polyme
ddng thoi con ¢ thé tao ra cac hiéu ung cong huong
va két hop cac tinh chat qui cua hai loai vat liéu nay.
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Nanocompozit trén co s¢ CNT va nano ZnO s& két
hop duoc céc tinh chét cua ca hai loai phu gia nano
s& ¢6 tac dung gia cudng tot cho 16p phii polime
nanocompozit bao vé che chan chong UV. CNT va
ZnO trong mang polyme déu c6 kha ning chéng UV
theo co ché tac dung khac nhau. Do vay, vét liéu
CNT/ZnO nanocompozit c6 kha ning lam tang hi¢u
ung chiu UV. Nanocompozit trén co s& CNT va
nano ZnO sé& két hop dugc cac tinh chit cua ca hai
loai phu gia nano ¢6 tic dung gia cudng tot cho 16p
phu polyme nanocompozit bao vé chdng dn mon va
bén thoi tiét. Vi vay viéc nghién cau ling dong nano
ZnO 1én CNT c0 kha nang tao ra vat liéu co kha
nang ung dung rong rédi lam phu gia tang cuong cac
tinh chat ciia mang polyme. Trong nghién ciru nay,
chung t6i ché tao nanocompozit CNT/ZnO va
nghién ctru anh hudng cua chung dén kha bao vé
chéng in mon cia mang son polyuretan dudi tac
ddng cua cac tia UV.

2. THUC NGHIEM
2.1. Nguyén li¢u

- Ong mnano cacbon da viach (CNT)
NANOCYL™ NC7000, Vuong qudc Bi, c6 duong
kinh 6ng trung binh 9,5 nm, ¢6 d6 dai trung binh 1,5
um, ham luong cacbon 90 %, ham lugng oxit kim
loai 10 %, dién tich bé mat riéng 1a 250-300 m*/g.

- Axetat k&m do tinh khiét trén 98 %, Sigma-
Aldrich,

- Hydroxit natri do tinh khiét 97 %, Sigma-
Aldrich.

- Etanol 97%, Merck.

- Nhya polyuretan (PU) cua hang Bayer:

+ Polyol: Desmophen - A 160 X, loai
polyacrylat mang nhém hydroxyl, khéi lugng phéan
tir khoang 1065, ham lugng nhom OH la 1,6+0,3 %,
dang 16ng c6 dd nhoét dong hoc & 23 °C khoéng
1800+500 mPa.s, khdi luong riéng khoang 0,98
glem’.

+ Chat déng rin Desmodur N75, loai
polyisocyanat mach thang c6 khéi lugng phan tir
khoang 250, ham luong nhom NCO 16,5+0,3 %, do
nhot dong hoc ¢ 23 °C 150+ 60 mPa.s.

2.2. Phuwong phap nghién ciru

- Phuong phép kinh hién vi dién tir quét: cAc
mau duoc chup trén may FE-SEM Hitachi S-4800.

- Phé hong ngoai IR do trén may Nexus 670 cua
hang Nicolet, st dung phuong phap KBr véi do
phan giai 1 cm™, dai do tir 400-4000 cm™,

- Gian dd nhiéu xa tia X, do trén may Siemens
D5000 vo1 6ng nhiéu xa Cu c6 budc sOng Acuko) =
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1,54 A.

- Phuong phap thir nghiém gia toc UV, nhiét am:
mang son dugc thir nghiém gia toc tir ngoai nhiét 4m
trong ti ATLAS-UVCON-UC-327-2 theo tiéu chuén
ASTM-G-53-96.

- Pho tong tré duoc do trén may AUTOLAB
P30. So dd do téng trd 1a hé 3 dién cuc: dién cuc
lam viéc 1a mau thép phi mang son duge chup dng
PVC hinh tru c6 chtra dung dich NaCl 3 %, dién tich
tiép x(ic cua bé mat mau véi moi trudng xam thuc 1a
28 cm?, dién cuc so sanh la dién cuc calomen bdo
hoa, dién cuc dbi 1a dién cuc platin. Cac phép do dat
& ché do quét ty dong trong dai tan sb tir 100 kHz
dén 10 mHz.

2.3. Tong hep nano CNT/ZnO va ché tao mang
son PU chira nano ZnO, CNT va CNT/ZnO

2.3.1. Tong hop nano nano CNT/ZnO

Nano ZnO két taa trén CNT dugc tong hop dua
trén co s¢ phan ung thuy phan dung dich axetat kém

trong mdi truong kiém. So dd phan tmg theo phuong
trinh (1) va (2).

Zn(CH3COO0), + 2NaOH —
Zn(OH), + 2CH;COONa (1)
Zn(OH),; — ZnO + H,0 2

Hoa tan 1,6 g NaOH trong 160 ml etanol tuyét
d6i (dd1); hoa 4,4 g (CH;CO0),Zn va CNT vao 240
ml etanol tuyét dbi (dd2). Cho tir tir dd1 vao dd2
trong khi khuay dd2 lién tyc. Phan l'Ing duoc tién
hanh trong céc thiy tinh 1 it trén may khudy ti.
Phan tng duoc tién hanh trong khoang 4 gio & nhiét
do phong. Sau khi két thGc phan ¢ng, san pham
duoc dé lang trong khoang 24 gid sau d6 dugc raa
v6i dung dich etanol/nuéc cat (50/50) va tach biang
phuong phép ly tim & téc do quay 9000 v/p. Qua
trinh rira khoang 5 lan cho dén khi pH cua dung dich
nuée rira vé modi truong trung tinh. CNT/ZnO thu
duogc duogc sdy o nhiét do 120 °C cho dén khéi lugng
khong ddi. San pham thu dugc dugc phan tich, tron
va nghién véi nhya Desmophen A 160.

2.3.2. Ché tao mang son PU chita nano ZnO, CNT
va CNT/ZnO

CNT/ZnO, CNT va ZnO 0,1% theo khéi luong so
vai nhya polyuretan duoc nghlen trén may nghién
bi. Mau thép dwoc lam sach diu m& biang xa phong,
rira sach bang nuéce cat, etanol, sdy kho. Mang duoc
ché tao bang phuong phap tao mang ly tam trén may
Filmfuge 1110N (Sheen). Chiéu day mang sau khi
kho khoang 30 pum.
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3. KET QUA VA THAO LUAN
3.1. Hinh thai cAu trdc nano CNT/ZnO

Hinh thai cau trdc cua nano CNT/ZnO duoc
danh gia bang cac phuong phép phd hdng ngoai, phd
nhiéu xa tia X va kinh hién vi dién tir quét.
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Hinh 1: Phé hong ngoai caa CNT/ZnO
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Hinh 1 14 ph6 hong ngoai cia CNT/ZnO c6 dinh
& vi tri 3440 cm™ 1654 cm™ 13 dinh dao dong tuwong
tmg voi lién két C=C trong CNT [13], dinh trong
khoang 470-480 cm™ I céc dinh dic trung cho lién
két Zn-O [14].
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Hinh 2: Phé nhiéu xa tia X caia CNT/ZnO

Phé nhiéu xa tia X caa CNT/ZnO (hinh 2) cho
thdy cac pic trong &ng véi cac mat phan xa (100),
(002), (101), (102), (110), (103), (200) cua tinh thé
ZnO [15]. Diéu nay chung to rang cac hat két tua
trén bé mat CNT Ia tinh thé ZnO.

Anh SEM cia CNT/ZnO (hinh 3) cho thiy cac
hat oxit kdm bam rat déu trén bé mat CNT, kich
thudc cua hat oxit kém ciing rat ddng déu va cé kich
thudc nhd hon dudng kinh cua éng cacbon khoang
10 nm. Céc két qua phan tich hong ngoai, nhidu xa

Anh huéng ciia nanocompozit CNT/ZnO...

tia X va kinh hién vi dién t quét cho thay cac hat
nano oxit }(ém da dugc tong hop va lang dong déu
dan trén bé mat CNT vai kich thudc cac hat khoang
10 nm.

IMS- NKL 200k SE(M)

Hinh 3: Anh SEM cua CNT/ZnO

3.2. Tinh chét bio vé chéng dn mén ciia mang
polyuretan chita CNT/ZnO trong dieu kién chiju
tac dong cua tia tir ngoai (UV)

Pé danh gia kha niang khang tr ngoai cua cac
mang son polyuretan chira CNT/ZnO trén nén thép,
cac mau son dugc chiéu UV theo thoi gian. Phuong
phap tong tro dién hoa duogc sir dung dé danh gia su
suy giam ciia mang dudi tac dong cua tia tr ngoai.
Mang polyuretan chaa CNT/ZnO (PU-CNT/ZnO)
duoc so sanh véi mang son polyuretan (PU), mang
son polyuretan chra CNT (PU-CNT) va mang son
polyuretan chira ZnO (PU-ZnO).

Hinh 4 1a phé tong tro ciia cac mang son PU,
PU-ZnO, PU-CNT va PU-CNT/ZnO truéc khi chiéu
UV. Hinh dang va gié tri tong tré ciia CAC mau trudc
khi chiéu UV khac nhau. Mang son PU thé hién mot
cung ban nguyét tai ving tan sd cao va hai cung
khong xac dinh 5 tai ving tan sb thdp. Mang son
PU-CNT c6 hinh dang mot cung tron. Bén canh do
hai mau son PU-ZnO va PU- CNT/ZnO c6 hinh dang
1 cung chua xac dinh 16 tai ving tan s6 cao va 1
dudng thing tai ving tin sé thip. Su khac nhau vé
hinh dang va gia tri tong tré cho thay ban chét cua
mang thay d6i khi thém phu gia nano ZnO, CNT
hoic CNT/ZnO. Gia trj téng tré cua mang son PU
chtra phu gia déu cao hon gia tri téng trd cua mang
son PU, chung t6 kha nang ngin cach t6t hon so voi
mang son PU.

Hinh 5 1a phd tong tré cua cac mang son PU,
PU-ZnO, PU-CNT va PU-CNT/ZnO sau 9 chu ky
chiéu UV. So vdi pho tong trd trude khi thir nghiém
UV, hinh dang va gia tri tong trd ciia cic mang son
PU va PU chira phu gia thay d6i nhiéu. Phd tong trd
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ctia PU d4 hinh thanh hai cung 5 rét; Pho tong tro
cia mang PU-CNT thé hién hai phan 1 cung ban
nguyét o tan s6 cao, va 1 duong thang & tan s6 thap;
Hai mau PU-ZnO va PU- CNT/ZnO pho tong tro chi
c6 dang mét cung vdi gia tri tong tré cao, gla tri tong
trd cia PU-CNT/ZnO cao hon gia tri tong tro cua
mang PU-ZnO.
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Hinh 4: Phé tong tré cuia PU, PU-ZnO, PU-CNT va
PU-CNT/ZnO trudc khi chiéu UV

Su suy giam cia cac mang son PU va PU chira
phu gia dudi tac dong cua UV dugc theo ddi thong
qua viéc su bién d6i gia tri modun tong tro tai tan s6
cao (Zy,) cua cac mang son theo thoi gian chiéu UV
(hinh 6). Hinh 6 cho thiy gi4 tri Zyy, cia mang son
PU giam lién tuc theo thoi gian, mang son PU-ZnO
giam nhanh trong thoi gian du roi 6n dinh cho dén
9 chu ky chiéu UV, mang son PU-CNT giam nhanh
trong 4 chu ky dau, sau d6 6n dinh cho dén 9 chu ky.
Gia tri Zyy, ciia mau son chira CNT/ZnO cao hon gia
tri Zy, cia mau son chira ZnO va cao hon han so
v6i cac mau son PU va PU chira CNT. Diéu nay cho
thiy mau PU-CNT/ZnO c6 kha ning bao vé tét nhat
trong diéu kién tac dong cua tia UV.
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Hinh 5: Pho tong tré ctia PU, PU-ZnO, PU-CNT va
PU-CNT/ZnO sau 9 chu ky chieu UV
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Hinh 6: Gi4 tri modun tong tré tai tan sé 1 Hz (Zy,)
cua mang son PU (0), PU-ZnO (x), PU-CNT (e) va
PU-CNT/ZnO (<) theo thoi gian chieu UV
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Hinh 7 1a anh SEM chup bé mit cua mang son
PU, PU-ZnO, PU-CNT va PU-CNT/ZnO sau 16 chu
ky chiéu tia UV. Dudi tac dong cua tia UV, bé mat
ciia mang PU (hinh 7A) xuat hién cac vét 16m va vét
niat té vi, diéu nay co thé do céc tia UV c6 ning
lugng cao gay dat mach cadc mach dai phéan ta cua
PU [13].

IMS-NKL »20.0k SE(M)

IMS-NKL x20.0k SE(M)

Hinh 7: Anh SEM chup bé mat mang PU (A),
PU-ZnO(B) va PU-CNT (C), PU-CNT/ZnO
sau 16 chu ky chieu UV

Anh huéng ciia nanocompozit CNT/ZnO...

Hinh 7B va 7C la anh SEM cua mang son PU-
ZnO va PU-CNT. Bé mat cua mang PU chira nano
ZnO va CNT khong xuat hién cac vét nit nhu bé
mat cia mang PU, tuy nhién bé mat cia mang kha
g6 ghé va xuat hién cac vét I1dm xung quanh ving
bién gigi cac hat ZnO va CNT. Diéu nay cé thé do
nano ZnO va CNT c6 kha ning hip thu tia UV 1am
giam nang lugng pha huy mach dai phan tir PU, bé
mit mang son khong xuét hién cac vét nit [6, 7, 13].
Tuy nhién & xung quanh bién giéi hat PU van bi pha
huay cuc bo dudi tac dong cua cac tia UV. Hinh 7D la
anh SEM chup bé mat mang son PU chua
CNT/ZnO. Bé miat mang khong xuat hién cac vét
nit dong thoi ciing khong thay xuét hién cac vét
16m. Piéu nay ching to rang dudi tac dong cua tia
UV mang son van chua bi pha huy. Diéu nay c6 thé
1a do su che chan va kha nang hip thu UV caa CNT
va ZnO cung dong thoi phat huy. Co ché nay ciing
dugc nghién ctiiu bang phuong phéap pho IR.

Céu trac cia mang son PU va PU chta phu gia
dugc nghién ciru bang phuwong phap phd hdng ngoai,
v6i cing mot diém chiéu c¢b dinh trudc va sau khi
chiéu UV. Hinh 8 1a ph6 hong ngoai ciia mang PU,
PU-ZnO va PU-CNT/ZnO trudc va sau 16 chu ky
chiéu UV.

Ph6 hdng ngoai cia mang son polyuretan nghién
ctru ¢6 cac dinh hap thu 3390 cm™ déc trung cho lién
két -NH/OH, dinh 2940 cm™ dic trung cho lién két
-CH, ctia hydrocacbon mach thang, dinh 1724 cm™
dic trung cho lién két -C=0, 1530 cm™va 1250 cm™
dic trung cho nhom lién két C-N trong nhém
—C—NH. Sau 16 chu ki chiéu UV, dinh hip thu 3390
cm™ mo rong hon so voi trude khi chiéu UV do su
hinh thanh nhom hydro peroxit —R -0-O-H [16];
trong khi d6 dinh hap thu 2940 cm van khong doi.
Chung t6 da dién ra sy oxi hoa cit mach ciia mang
son polyuretan dudi tac dong cuia tia UV.

Phd hong ngoai cia mang son PU-ZnO,
PU-CNT, dinh hap thu 3390 cm™ sau khi chiéu UV
ma rong hon so Vai truge khi chiéu UV nhung van
nhé hon so véi s mé rong cua cua dinh 3390 cm™
cua phd hdng ngoai cia mang son PU, trong khi dé
dinh thu 3390 cm™ ciia mang PU-ZnO/CNT trudc va
sau khi chiéu UV gan nhu chong khit, khéng c6 sy
thay ddi nhiéu, chirng t6 mang son polyuretan chira
CNT/ZnO khéng bi cit mach dudi tic dong cua tia
UV, két qua nay cling pht hop véi két qua quan sat
duoc tir kinh hién vi dién tur quét.

Tir céc két qua nghién ciu bang hinh anh SEM
va phd hong ngoai, co ché suy giam dién tro ciia
mang PU dudi tic dong UV la do sy phé hity bé mit
ctia cAC mAau, tao ra cac vét nat té vi, lam cho moi
truong chat dién ly ngam dén nén kim loai. Mau PU-
CNT/ZnO it chiu tac dong cua tia UV nhat, mau
khdng bi nut va kha ning ngin cach cua mau van
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t6t. Mau PU-ZnO va PU-CNT bé mat tuy khéng bi
nut nhung mang son bi bao mon dudi tac dong cua
tia UV, lam giam kha nang ngan cach cua mang so
véi mau PU-CNT/ZnO.

4000 3000 2000 1000
PU-ZNO
N
X
b
4000 3000 2000 1000
PU-CNT
%
N b
4000 3000 2000 1000
PU-CNT/ZnO
b
a\
4000 3000 2000 1000

S6 song (cm)
Hinh 8: Ph6 hong ngoai cia mang PU, PU-ZnO va

PU-CNT/ZnO truéc va sau khi chiéu UV
sau 16 chu ky chieu UV

4KET LUAN

Pa nghién ctu ché tao dugc nano CNT/ZnO,
cac hat nano ZnO c6 cau truc tinh thé bat dién va co

Pham Gia Vii va cong sw

kich thudc khoang 10 nano mét két tiia déu dan trén
bé mit CNT.

Su c6 mat cua nanocompozit CNT/ZnO vdi
ham lugng nho 1am nang cao dang ké kha ning chiu
UV cla mang son polyuretan so vOi mang
polyuretan chra nano ZnO, CNT va mang
polyuretan trong dan dén kha ning bao vé chong an
mon cuia mang polyuretan chua CNT/ZnO dudi tac
dong cia tia UV tdt hon so voi mang son
polyuretan, mang son polyuretan chira ZnO va CNT
véi cung ham lugng.

Loi cam on. Cong trinh ndy dwoc hé tro kinh phi
nghién cueu tie Vién Han lam Khoa hoc va Cong nghé
Viét Nam (dé tai VAST 03.05/15-16); kinh phi tir dé
tai cép co 56 Vién Ky thuadt nhiét doi, Vién Han lam
Khoa hoc va Céng nghé Viét Nam.

TAI LIEU THAM KHAO

1. N.R.Panda, D. Sahu, B. S. Acharya, P. Nayak. High
UV absorption efficiency of nanocrystalline ZnO
synthesized by ultrasound assisted wet chemical
method, Current Applied Physics, 15, 389-396
(2015).

2. Shailesh K. Dhoke, A. S. Khanna, T. Jai Mangal
Sinha. Effect of nano-ZnO particles on the corrosion
behavior of alkyd-based waterborne coatings,
Progress in Organic Coatings, 64, 371-382 (2009).

3. Shailesh K. Dhoke, Rohit Bhandarib, A.S. Khanna.
Effect of nano-ZnO addition on the silicone-modified
alkyd-based waterborne coatings on its mechanical
and heat-resistance properties, Progress in Organic
Coatings, 64, 39-46 (2009).

4. T. Xu, C. S. Xie. Tetrapod-like nano-particle
ZnOfacrylic resin composite and its multi-function
property, Progress in Organic Coatings, 46, 297-301
(2003).

5. Aswini K. Mishra, Rama Shanker Mishra, Ramanuj
Narayan, K.V.S.N. Raju. Effect of nano ZnO on the
phase mixing of polyurethane hybrid dispersions,
Progress in Organic Coatings, 67, 405-413 (2010).

6. Ngo Thanh Dung, To Thi Xuan Hang, Nguyen Thuy
Duong, Nguyen Thi Thuc Hien. Synthesis of nano
ZnO and application in polyurethane coating to
improve the UV resistance. Tap chi Hoa hoc, 50(6B),
200-203 (2012).

7. T6 Thi Xuan Hing, Ngé Thanh Dung, Trinh Anh
Trac, Bui Van Trudc, Pinh Thi Mai Thanh, Thai
Hoang. Nghién ciru anh huong ciia nano ZnO bién
tinh silan dén d¢ bén nr ngoai cua I6p phii
polyuretan, Tap chi Khoa hoc va Cong nghé, 51(3A),
271-278 (2013).

8. Bozena Czech, Waldemar Budab, Sylwia Pasieczna-
Patkowskac, Patryk Oleszczuk. MWCNT-TiO,-SiO,
nanocomposites possessing the photocatalyticactivity

354



TCHH, 54(3), 2016

10.

11.

12.

in UVA and UVC, Applied Catalysis B:
Environmental, 162, 564-572 (2015).

T. Filleter, R. A. Berrnal, S. Li, and H. D. Espinosa.
Ultrahigh Strength and Stiffness in Cross-Linked
Hierarchical Carbon Nanotube Bundles, Adv.
Mater., 25, 2855-2860 (2011).

Pham Gia Vii, Nguyén Anh Son. Nghién citu dnh
hieong ciia sw oxi héa bé mdt ong nano cacbon bang
hidré preroxit dén tinh chat cia 16p phii epoxy
nanocompozit, Tap chi Hoa hoc, 51(2AB), 576-580
(2013).

Gia Vu Pham, Anh Truc Trinh, Thi Xuan Hang To,
Thuy Duong Nguyen, Thu Trang Nguyen and Xuan
Hoan Nguyen. Incorporation of Fe30,/CNTs
nanocomposite in an epoxy coating for corrosion
protection of carbon steel. Adv. Nat. Sci.: Nanosci.
Nanotechnol., 5, (7pp) (2014).

Pham Gia Vii, Nguyén Anh Son. Nghién ciru bién

Lién hé: Pham Gia Vil

Vién K¥ thuat nhiét doi

13.

14.

15.

16.

Vién Han 1am Khoa hoc va Cong nghé Viét Nam

S6 18, Hoang Quéc Viét, Cau Gidy, Ha Noi
E-mail: pgiavu@yahoo.com.

355

Anh huéng ciia nanocompozit CNT/ZnO...

tinh bé mdt ong nano cacbon bang hop chat silan dé
ché tao 16p phii epoxy nanocompozit bao vé chong dan
mon cho thép cacbon, Tap chi Khoa hoc va Coéng
nghé, 51, 125-134 (2013).

Pham Gia Vi, Vii K& Oéanh, T6 Thi Xuan Hang,
Trinh Anh Trac, Nguyén Thuy Duwong. Nghién ciiu
ché tao 16p phii polyuretan nanocompozit clay - éng
nanocabon bén thoi tiét, Tap chi Hoa hoc, 52(3),
367-371 (2014).

Narayani Rajagopalan, A. S. Khanna. Effect of size
and morphology on UV-blocking property of nano
ZnO in epoxy coating, International Journal of
Scientific and Research Publications, 3(4) (2013).

D. Sridevi and K. V. Rajendran. Synthesis and
optical characteristics of ZnO nanocrystals, Bull.
Mater. Sci., 32(2), 165-168 (2009).

Clive H. Hare. Paint film degradation mechanisms
and control, book, chapter 39, 333.



