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TOM TAT

Vat liéu lai hitu co/vo o ngay cang dugc quan tam nho két hop cac tinh cht uu viét clia tling thanh phan. Polyaniline (PANI) va oxit kém (Zn0) da dugc ting
dung riéng Ié trong cac I6p pha @€ gia cutng kha nang chdng dn mon. Nghién cu nay tap trung vao tng hgp va déc trung nano composite PANI/Zn0 nham (ing
dung trong I6p son phd bao vé nén thép. Nano Zn0 dugc téng hap bang phuong phap dong két tiia, sau d6 két hop véi PANI qua phuong phép tring hop héa
hoc. Cau tric hinh thai cia PANI/Zn0 téng hop dugc bang pha hong ngoai (FT-IR) va kinh hién vi dién tir quét (SEM). Tinh chat bao vé cta I6p ph polyuretan
(PU) chiia PANI/Zn0 véi nong d6 1% dugc danh gid bang cac phuong phap nhu do bam dinh, do do bén va dép, kha nang chiu mai mon va tong tr@ dién hoa
(EIS). Két qua thu dugc cho thdy PANI/Zn0 da dugc tong hgp thanh cong va su cd mét cia PANI/Zn0 da cdi thién tinh chat co Iy va kha néng béo vé chdng an mon
cho 6p pha PU.

Tirkhda: PANI/Zn0, polyurethane, bdo vé chdng dn mon, tng tré dién hda (EIS).

ABSTRACT

Organic/inorganic hybrid materials are gaining increasing interest due to the combination of superior properties of each component. Polyaniline (PANI) and
zincoxide (Zn0) have been applied individually in coatings to enhance corrosion resistance. This study focuses on the synthesis and characterization of PANI/Zn0
nanocomposites for application in protective coatings for steel substrates. Zn0 nano was synthesized by the co-precipitation method, then combined with PANI
through chemical polymerization. The morphological structure of the synthesized PANI/Zn0 was determined by Fourier transform infrared spectroscopy (FT-IR)
and scanning electron microscopy (SEM). The protective properties of the polyurethane (PU) coating containing 1% PANI/Zn0 were evaluated by methods such
as adhesion test, impact strength, abrasion resistance and electrochemical impedance spectroscopy (EIS). The results showed that PANI/Zn0 was successfully
synthesized and the presence of PANI/Zn0 improved the mechanical properties and anti-corrosion protection of the PU coating.

Keywords: PANI/Zn0, polyurethane, corrosion resistance, electrochemical impedance spectroscopy (EIS).
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1.MG PAU clia T6 chic An mon Thé gigi (WCO), thiét hai hang nam
do &n mon gay ra chiém khoang 3,1 - 3,3% téng thu nhap
quéc dan toan cau, tuong duong hang nghin ty USD.
Trong cac nganh cong nghiép nhu hang khéng, dau khi,

An mon kim loai 1a mét van dé nghiém trong trong
céng nghiép, gay thiét hai I6n vé kinh té va anh hudng
dén do bén cha két cau, thiét bi kim loai. Theo théng ké
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hoéa chat va san xuat may moc, hién tugng an mon khéng
chi lam giam thai gian st dung cua thiét bi ma con anh
hudng dén an toan van hanh [1]. Mét trong nhimng
phuong phap phé bién dé bao vé kim loai la st dung 16p
pht polyme [2]. Do d6, da c6 rat nhiéu nghién ctiu vé vat
liéu nano nham tao ra I6p phd nano composite véi cac
dac tinh chéng an mon cao [3, 4. Trong s6é do, cac oxit
nano kim loai nhu ZnO dugc st dung rong rai nhd dac
tinh ban dan, khang khuan, chéng tia cuc tim va ting
cuong dod bam dinh. Nano composite polyaniline
(PANI)/oxit kém (ZnO) la mét hé vat liéu tiém nang, két
hgp gitra tinh dan dién, kha nang chéng én mon ctia PANI
va cac dac tinh uu viét ca ZnO. PANI c6 thé tao I6p thu
dong bao vé trén bé mat kim loai nhd tinh oxy héa kht,
giup gidm toc do6 an mon [5]. Tuy nhién, I6p phi chia
PANI don thuan cé nhugc diém 1a d6 x6p cao, dé dan dén
khuéch tan chat dién phan, lam giam hiéu suat bao vé.
Viéc két hgp PANI véi ZnO gilp cai thién kha nang chéng
an mon, tang dé bén ca ly va én dinh nhiét cta I6p pha.
Cac nghién ctu trugc day da chira rang vat liéu PANI/ZnO
c6 thé dat hiéu suat bao vé Ién dén 99,99% tai néng dé
60% khi dugc st dung trén nén nhom AA-2024 trong
dung dich NaCl 3,5%. D6 ch6ng thdm nudc clia mang
composite cling dugc cai thién [6]. Khi tich hgp vao I6p
phl polyuretan, vat liéu nay gilp tang cuong d6 bén héa
chat, kha ndng chéng bam ban va giam tac déng cuia buc
xa tU ngoai. Tuy nhién, nghién cldu vé Gng dung
PANI/ZnO trong I6p phu bao vé nén thép van con han
ché. Do d6, nghién ctu nay tap trung vao viéc téng hop
va dac trung nano composite PANI/ZnO dé tng dung
trong I6p phu bdo vé nén thép. Cu thé, nghién ctu hudng
dén viéc téng hgp nano PANI/ZnO bang phuong phéap
trung hop hoa hoc, d6ng thai ché tao va danh gia cac tinh
chat ctia I6p phl polyuretan chia nano PANI/ZnO, bao
gém tinh chat ca ly va hiéu qua chéng an mon trén nén
thép trong méi trudng khic nghiét. Viéc phat trién I6p
pht polyme nano composite véi PANI/ZnO khong chi
giup cai thién kha ndang chéng an mon ma con huéng téi
giai phap than thién véi méi trudng. Trudc day, hop chat
cromat VI dugc st dung réng rai nho hiéu qua chong an
mon cao, nhung do tinh déc hai, cdc nghién ctu hién nay
dang tim kiém cac vat liéu thay thé an toan hon. Su két
hop gitta PANI va ZnO trong I6p pht polyuretan gitp tao
ra hé vat liéu c6 dé bén cao, n dinh trong méi trudng an
mon, dong thai gidam thiéu tac dong xau dén maoi trudng.

Tu nhiing céng trinh céng bo trudc day [7-11] cho
thay tai ndng dé thap, cac hat nano da co hiéu ling gia
cudng tinh chat bao vé cho cac I6p phl nén trong nghién
cliu nay, nhém da téng hop PANI/ZnO va dua vao 16p phu
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PU v&i nbng dd 1% dé nghién ctu danh gia anh hudng
cla hat nanocomposite nay téi tinh chat bao vé cta I6p
pht PU.Dac trung cau tric ctia cac hat (ZnO va PANI/ZnO)
dugc phan tich bang kinh hién vi dién ti quét (SEM) va
phd héng ngoai (IR). Tinh chat ca ly cda I16p phd PU chiia
PANI/ZnO dugc danh gia bang cac phuong phap do dé
bam dinh, d6 bén va dap va kha nang chiu mai mon. Kha
nang bao vé chéng an mon cda I6p pht dugc danh gia
bang phuong phép téng trg dién hoa.

2. PHUONG PHAP VA NOI DUNG NGHIEN CUU

2.1. Héa chat

Kém nitrat hexahydrate (Zn(NO3),.6H,0) (d6 tinh khiét
98%) ctia Trung Qudc, natri hydroxit (NaOH) (d6 tinh khiét
98 %) clia Trung Qudc, anilin hydrochloride (CsH;N.HCI)
(@6 tinh khiét 99,5%) cta Trung Qudc, ammonium
persulfate ((NH.),S:0s) (APS) (d6 tinh khiét 98%) clia
Trung Qudc, nudc cat phong thi nghiém, ethanol (d6 tinh
khiét 99,7%) ctia Trung Quéc va xylen ky thuat ctia Trung
Quéc; nhua polyurethane (PU) ctia hang Bayer gém nhua
Polyol: Desmophen-A 160X, loai polyacrylat mang nhém
hydroxyl, khéi lugng duong lugng la 1065, ham lugng
nhém OH la 1,6 + 0,3%, dang Idng c6 d0 nhét ddng hoc &
23°C khoang 1800 * 500mPa.s, khéi lugng riéng
0,98g/cm?® va chat dong ran Desmodur N75, loai
polyisocyanat mach thang cé khéi lugng duong luong la
250, ham lugng nhém NCO 16,5 £+ 0,3%, d6 nhét dong
hoc & 23°Cla 150 + 60mPa.s.

2.2. Phuong phap va thiét bi

Hinh thai, cdu tric cac hat ZnO va PANI/ZnO: hinh thai
va cau tric mat clia cac hat téng hgp dugc xac dinh bai
may quang phS héng ngoai - Nicolet iS10, Thermo
Scientific - My va kinh hién vi dién t&r quét (FESEM) trén
thiét bi Hitachi 5-4800, Nhat Ban tai Vién Khoa hoc vat liéu
(VAST).

Cac tinh chat co ly: d6 bam dinh ctia mang son dugc
do bang may Adhesion tester model 525 clia hang
Erichsen, tai Vién Khoa hoc vt liéu theo tiéu chudn ATSM
D-4541 (bam dinh giat - pull off). D6 bén va dap clia mang
son dugc do theo tiéu chudn TCVN-2100, trén may
Erichsen model 304 tai Vién Khoa hoc vat liéu. Kha nang
chiu mai mon ctia mang son dugc xac dinh bang may
Taber 5750 Linear Abraser, My tai Vién Khoa hoc vat liéu.

Tinh chat bao vé chéng an mon: danh gia béi phuang
phap téng tr& dién héa dugc do trén may Metrohm
DropSens uStat 400 tai Vién Khoa hoc vat liéu. Cac phép
do dat & ché do quét tu dong trong dai tan so6 tir 100kHz
dén 10mHz.
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2.3.Téng hop ZnO

Téng hgp hat nano ZnO bang phuong phap déng két
tda, sir dung hoa chat kém nitrat va natri hydroxit. Trong
thi nghiém nay, can 7,3g Zn(NOs),.6H,0 pha trong 100ml
nudc cat, sau dé khudy ti trong 30 phut. Tiép theo, can
10 gam NaOH pha trong 500ml nuéc cat, khuady tur trong
50 phut. Nho tu tu tung giot NaOH cham vao thanh binh
(~100ml) vao dung dich Zn(NOs), déng thai khudy tu
trong 1 gi& (chuy diéu chinh pH = 6,7 - 7). Sau khi két thic
phan ung, d€ dung dich l1dng xudng va day kin dé qua
dém. Tach can than dung dich néi phia trén, dung dich
con lai dem ly tam 15 phut (5000v/p). Chat ran thu dugc
bang cach loc rra ly tam 3 1an véi hén hgp nudc cét va
con (1:1) va 1 lan vai ethanol. Say chat rén thu dugc &
100°C trong vong 24 gid.
2.4.Téng hop PANI/ZnO

St dung phuong phép trung hop hda hoc dé téng hop
nano composite PANI/ZnO. Cho 200ml nudc cat hai lan
vao 5g anilin hydrochloride, khuay 30 phut sau dé dé hén
hop trong bé nudc da trong 3 gid. Thu dugc dung dich A.
Dung bot nano ZnO da téng hgp phan tan vao dung dich
A. Hoba tan 10g APS trong 50ml nudc cat hai lan giir trong
3 gid & bé da thu dugc dung dich B. Thém tling giot dung
dich B vao dung dich A, khudy lién tuc trong 5 gi&. Hén
hop phén (ing cé mau xanh 1a cay. Gilirdung dich én dinh
trong 24 git dé tao két tda, loc 1ay két tia xanh 14 cay dam,
say chat ran thu dugc & nhiét d6 50°C trong 48 gio.

2.5.Ché tao mang son polyuretan (PU) chita PANI/ZnO

Mang san polyuretan (PU) chifa PANI/ZnO dugc ché
tao bang cach trén PANI/ZnO véi nhua tai néng d6 1% va
dung moi xylen bang may nghién trong 24 gid¢. Sau do
tron hén hgp thu dugc vai chat dong ran Desmodur N75
vGi ti lé tuang tng 1a 6/1 va dugc diéu chinh d6 nhét bang
dung méi xylen. Mang son dugc phu trén mat mau bang
phuong phédp tao mang ly tam trén thiét bi Filmfuge
1110N (Sheen, Anh) véi t6c d6 quay 500 vong/phut. Thoi
gian quay moi mau la 30 gidy. Chiéu day mang sau khi kho
khodng 25 - 30pum.

3. KET QUA THAO LUAN

3.1. Hinh thai cau truc cia nanocomposite PANI/ZnO
vaZnO

Pa xac dinh hinh thai cau tric clia cdc mau bét ZnO va
PANI/ZnO téng hop dugc, két qua nhan dugc trinh bay
trong hinh 1. Quan sat hinh 1 ¢6 thé thay, cac hat ZnO
téng hgp dugc c6 dang tinh thé, kich thudc khodng 200 -
300nm. D4i vai vat lieu PANI/ZNnO, c6 thé quan sat thdy ca
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cdu truc dang 6ng cua PANI véi dudng kinh khoang
200nm va cau truc ctia ZnO.

. b (74
e D2l
IMS-NKL 5.0kV 5.5mm x20.0k SE(M)

IMS-NKL 5.0kV 5.5mm x20.0k SE(M)
Hinh 1. Anh kinh hién vi dién i quét (SEM) cia Zn0 va PANI/Zn0

3.2. Phé héng ngoai cia nanocomposite PANI/ZnO va
ZnO

DPa xac dinh dac trung cdu trdc cla cac hat ZnO va
PANI/ZnO bang phuang phéap chup phé héng ngoai (FT-
IR), két qua nhan dugc trinh bay trong hinh 2.

Phé FT-IR cda vat liéu ZnO (hinh 2) cho thdy mot dai
hap thu dac trung trong ving sé séng tu 400 dén
600cm™, tuong Ung véi dao dong kéo dan cda lién két Zn-
O trong cdu trdc tinh thé ZnO. Piéu nay xac nhan su hién
dién cta ZnO vdi cau tric mang tinh thé dac trung. Cac
dinh tai khodng 1400 - 1600cm™ 6 thé la su hién dién
cta dao dong C=0 hodc C-0 do céc chat can trong qua
trinh téng hagp.

Dai véi cac hat nanocomposite PANI/ZnO, phé FT-IR
cUa vat liéu lai cho thay su hién dién cac pic dac trung
clia ca hai thanh phan ZnO va PANI, va su thay d6i ro rét
vé cudng do va vi tri cila mét sé dinh so vai phd cia ZnO.
Cac dai hap thu dac trung ctia PANI [12] nhu pic tai
511cm™ d&c trung cho nhém C-N-C trong vong thom,
pic tai 821cm™ dic trung cho C-H trong vong
benzenoid, pic tai 1498cm™ lién quan dén dao déng C-
N trong cau tric benzenoid va pic tai 1571cm™ lién quan
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dén dao déng C=N trong cau trdc quinoid, 1614cm™
tuong ung véi dao déng C=C trong vong benzenoid, van
dugc bdo tén nhung c6 su dich chuyén nhe vé phia s6
séng thap hon, chi ra su tuong tac gira ZnO va PANI.
DPéng thai, dai hdp thu tai vung 400 - 600cm™ ctia ZnO
cling dugc gitr nguyén, khang dinh su ton tai ctia ZnO
trong cau trdc lai. Hon nira, trong nanocomposite
PANI/ZnO cdn xuét hién pic tai 3462cm™ dac trung cho
lién két H-N, lién két nay c6 thé la tuong tac gilra ZnO va
PANI do su hinh thanh lién két hydro giira H-N va O trén
bé mat ctia ZnO [12].
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Hinh 2. Phé hong ngoai FT-IR ctia ZnO va PANI/Zn0
3.3.Tinh chatcoly

Cac mau mang PU va PU chia 1% PANI/ZnO dugc
danh gia cac tinh chat co ly va cac két qua dugc trinh bay
& hinh 3. Két qua cho thay su c6 mat ctia PANI/ZnO da cai
thién tinh chat co ly ctia mang PU. Hinh 3c cho thay, khi
c6 mat PANI/ZnO thi khéi lugng bi mai mon clia I6p pht
khoang 0,43mg thap hon so véi I6p phi PU ban dau
(0,63mg). Kha nang chiu mai mon ctia I16p phd chia
PANI/ZnO da tang Ién khodng 32% so véi I6p phl PU ban
dau. Anh huéng ctia PANI/ZnO ciing thé hién trén kha
nang chiu va dap va do bam dinh clla mang son (hinh 3a
va 3b). Khi c6 mat PANI/ZnO thi dé bén va dap ctia mang
PU tang tu 180 kg.cm [én 200kg.cm va d6 bam dinh tang
tir 1,04MPa lén 1,53MPa. Quan sat anh chup bé mat (hinh
4) clia cdc mau sau bam dinh cho thdy bé mat ctia mau
PU c6 dién tich bong tréc I6n hon so v6i mau PU c6 chia
PANI/ZnO. Két qua thu dugc cho thay PANI/ZnO c6 kha
nang gia cudng tinh chat ca ly cho I6p phu PU. Diéu nay
€6 thé do PANI/ZnO c6 thé tuong tac véi mach PU théng
qua lién két hydro hoac tuong tac tinh dién [13], dan xen
vao mach PU, gia cudng tinh chat cho I6p phu, lam cho
d6 bén va dap ciing nhu lam tang kha nang bam dinh cta
I6p phu.

454 | Tap chiKhoa hoc va Cong nghé Trudng Dai hoc Cong nghiép Ha Noi

18
’a 1 6 1,53
g 1
s 14
£ 1? 1,04
© N
E 08 \
o 06
@ o4 \
0,2
2 N
PU PU + PANI/ZnO
(b)
205
. 200
e 200
G
2 195
& 190
ko]
S 185
3 180 '
2 N
Q 175 \
170 N
PU PU + PANI/ZnO
(c)
’E‘ 0,0007 0,00063
§ 0,0006 &
é 0,0005 \ 0,00043
3 0,0004 \
& 0,0003 \
g 0,0002 \
20,0001 \
E o N
PU PU + PANI/ZnO
Hinh 3. Tinh chdt co Iy cia mang son PU va PU chia PANI/Zn0

PU PU + PANI/ZnO

S e 1 ATy _\./
Hinh 4. Anh chup bé mat mau son PU va PU chiia PANI/ZnO sau do
bam dinh
3.4. Kha nang bao vé chéng 4n mén
Kha ndang bao vé chéng an mon clia cac mau duoc
danh gia bang phuong phép tng tré dién héa. Hinh 5 va
6 trinh bay phé téng tré dang Bode clia cdc mang san PU
va PU chira PANI/ZnO sau cac thai gian thi nghiém trong
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dung dich NaCl 3%. Phé tng tré danh gia khd nang ngan ltisn —e—2twin —e—3tiin —e—4tudn
cach clia mang son vai dung dich dién ly. Gia tri téng tré 1,00€+09
clla mang son cang cao thi kha ndng ngan cach va bao vé L00E+08 (@)
clla mang son cang tot. Sau 1 tuan ngdm trong dung dich &E\
NaCl 3%, mé dun tréng trd cla mau PU c6 gia tri khoang é n
10’Q.cm? (hinh 5a) thdp hon so v8i md dun téng tré clla L0
mau PU chita PANI/ZnO (10%Q.cm?) (hinh 6a). Trén gian d6 100E405
pha clia mau PU (hinh 5b), hdng s6 thai gian thi nhat co e
thé quan sat ré va hang s6 thai gian tha hai bat dau xuat " 10E02 10E01 108400 10E401 10E+02 10E+03 1LOE+04 10E405
hién tuy nhién chua quan sét ro. Béi véi mau PU chura Tan sb (Hz)
PANI/ZnO (hinh 6b) thi chi quan sat thady mét hang so thoi 100 S
gian trén gian do6 pha va dich chuyén vé tan sé thap hon. % o s
Diéu nay c6 thé giai thich béi kha nang che chén tét hon ”
clia mang PU chifa PANI/ZnO so v6i mang PU ban ddu. &« (b)
Khi thai gian thit nghiém tang Ién dén 4 tuan, mé dun E %0
t8ng tr& cia mau PU van duy tri khodng 107Q.cm?. Divei &
mau PU chiia PANI/ZnO thi mé dun téng trd c6 tang nhe 20
(khoadng108Q.cm?) va van cao han so véi mau PU sau 4 v
tuan tho nghiém. Hién tugng tang nhe mo dun t6ng tré 1,00E-02 1,00601 1,00E+00 1,00E+01 1,00E+#02 1,00E+03 1,00E+04 1,00E+05
nay co thé gidi thich bai su 6n dinh han clia 1&6p ph theo Tan sé (Hz)
thoi gian t,ha nghiém valam t,éng kha nang bao vé, do d6 Hinh 6. Phd tong trd dang Bode ctia mang son PU chiia PANI/Zn0 sau thoi
mo dun tong trd tang nhe. Két qua nay cling phu hgp véi gian ngam trong dung dich NaCl 3%
mot s6 cong trinh cdng bé vé anh hudng cta PANI khi s
dua vao I1&p pha PU. PANI c6 thé gitp 6n dinh I6p phd va 1:40&08 NPU WPUPANYZNO
duy trikha nang bdové cholép khiduavaomangPU[14].
1,00E+09 - - . - Ng 1,00E+08
I 2 3t qren (a) 9, 8,00E+07 l
RIE 1,00E+08 g 6,00E+07
o —— S 4,00E+07
g HOOEO7 S aeaaay o S N o007 l l
N o IO SMARRN  ANRRRAE  ARRSRRN
1,00€+06 ° 1tun 2 tuin 3 tuan 4tusn
L00E05 e, i Thoi gian thir nghiém (tuan)
. “u, Hinh 7. Modul téng tré Z tai tan s6 100 mHz ctia céc mau mang son PU va
1,00E-02 1,00E-01 1,00E+00 1,00E+01 1,00E+02 1,00E+03 1,00E+04 1,00E+05 PU chiia PANI/ZnO sau thoi gian ngém trong dung dich NaCl 3%
Tan so (Hz) TU phé téng trd, gia tri modun téng trd tai 100mHz,
w00 - - yren Zioomnz dudc xac dinh dé€ danh gia dé bén an mon cla
ZZ PO et mang son. Hinh 7 trinh bay su thay d&i gia tri Zioom, theo
o , (b) thdi gian ngam trong dung dich NaCl 3%. Ta thdy sau 1
S w0 & tuan ngam gia tri Zioomu, cla mau PU thap hon so véi mau
g 0 ' PU chita PANI/ZNO. Gia tri Zioomnz thap hon thé hién kha
o ig ,,/' nang bao vé clia mang son kém hon do chat dién li da
20 . ngam vao cac 16 rd clia mang son lam gia tri nay giam di.
i Khi thai gian thir nghiém tang lén, gia tri Zioomn, Cla mau

0 e = N 2 .z . ~ 7. = ,
1,00E-02 1,00E-01 1,00E+00 L,00E+01 1,00E+02 1,00E+03 1,00E+04 1,00E+05 PUvan duy tri & gia tri thap hon so véi mau PU chua

Tan s6 (Hz) PANI/ZnO. Gia tri Zioomn, cla mau PU chira PANI/ZnO tang

nhe theo thai gian thir nghiém. Cac két qua nay c6 thé

Hinh 5. Phd tng tré dang Bode clia mang son PU sau thdi gian ngdm  dugic giai thich véi su ¢ mat ctia PANI/ZnO cé thé dugc
trong dung dich NaCl 3% phan tan déng déu trong mach PU, 1am ting kha ning
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che chan va kha nang bao vé ch6ng an mon cho I6p phu.
PANI/ZnO ciing c6 thé tuong tac véi mach PU théng qua
cac lién két hydro hodc tuong tac tinh dién nén theo thoi
gian lam é&n dinh mach va lam tinh chat bao vé cia mang
dugc gia cudng.

Nhu vay, khi dua PANI/ZnO véi néng dd 1% vao mang
PU thi cac tinh chat co ly va kha nang bao vé ctia mang
PU da tang Ién so véi mang PU ban dau.
4, KET LUAN

Da téng hgp thanh céng nanocomposite PANI/ZnO va
ché tao 16p pha PU chiia 1% PANI/ZnO. Cac I6p phu nay
dugc khao sat tinh chat ca ly va kha nang bao vé én mon
trong méi trudng NaCl 3%. Tai ndong dé 1% PANI/ZnO, d6
bén va dap ctia mang PU dat 200 kg.cm, d6 bam dinh dat
1,53 Mpa va kha nang chiu mai mon tang Ién 32% so véi
mang PU ban dau. Kha nang che chan ctia mang PU chia
PANI/ZnO van dat 108Q.cm? sau 4 tuan thi nghiém trong
moi trudng NaCl 3%. Nhu vay, PANI/ZnO cé kha ndng gia
cudng cac tinh chat co ly va bao vé chéng an mon cho I6p
phl polyuretan tai néng do6 1%.

LOI CAM ON

Cong trinh nay dugc hé trg bai Nhiém vu Hop tac quéc
té€ cap Vién Han lam Khoa hoc va Céng nghé Viét Nam, ma
s6 QTBY02.01/24-25.

TAI LIEU THAM KHAO

[1]. Vi Quéc Trung va cong su, Nghién ciu hign tugng tu bdo vé cia
polypyrrole va ting dung lam Iép phii théng minh chdng din mon. Dé tai Nghién
ctiu khoa hoc cap qudc gia, mé s6 104.02-2013.69, Ha Noi, 2018.

[2]. Truong Ngoc Lién, An mon va bdo vé kim logi - Quyén 2. Nha xuét ban
Bach Khoa Ha Noi, Ha Noi, 2023.

[3]. Halima Khatoon, Sharif Ahmad, "Vanadium Pentoxide-Enwrapped

Poly-diphenylamine/Polyurethane Nanocomposite: High-Performance Anti-
corrosive Coating," ACS Applied Materials & Interfaces, 11(2), 2374-2385,2019.

[4]. M. S. Fuhrer, C. N. Lau, A. H. MacDonald, "Graphene: materially better
carbon," MRS Bulletin, 35(4), 289-295, 2010.

[51. Pham Minh Tudn, Nghién ctiu tong hop va ché bién ddn xudt PANI iing
dung chétao vat liéu bdo vé. Luan an Tién s Héa hoc, Vién Khoa hoc va Cong
nghé Quan su, Ha Noi, 2014.

[6]. Swapnil G. Dhole, Satish A. Dake, Tejpunj A. Prajapati, Sangram N.
Helambe, "Effect of ZnO filler on structural and optical properties of
polyaniline-Zn0 nanocomposites,” Procedia Manufacturing, 20, 127-134,
2018.

456 | Tap chiKhoa hoc va Cdng nghé Trudng Dai hoc Cong nghiép Ha Noi

[7]. To Thi Xuan Hang, Ngo Thanh Dung, Trinh Anh Truc, Nguyen Thuy
Duong, Bui Van Truoc, Pham Gia Vu, Thai Hoang, Dinh Thi Mai Thanh, Marie-
Georges Olivier, “Effect of silane modified nano Zn0 on UV degradationof
polyurethane coatings,” Progress in Organic Coatings, 79, 68-74, 2014.

[8]. Amir Mostafaei, Farzad Nasirpouri, “Epoxy/polyaniline-Zn0 nanorods
hybrid nanocomposite coatings: Synthesis, characterization and corrosion
protection performance of conducting paints,” Progress in Organic Coatings,
77(1), 146-159, 2014.

[9]. Boi An Tran, Huynh Thanh Linh Duong, Thi Xuan Hang To, Thanh Thao
Phan, “Synthesis and characterization of polyaniline-hydrotalcite-graphene
oxide composite and application in polyurethane coating,” RSC Adv., 11,
31572-31582, 2021.

[10]. Kamalon Rajitha, Kikkeri Narasimha Shetty Mohana, Mahesh
Bhaskar Hegde, Saurav Ramesh Nayak, Ningappa Kumara Swamy,
“Fabrication of Zn0/rGO and ZnO/MWCNT nanohybrids to reinforce the
anticorrosion performance of polyurethane coating,” FlatChem, 24, 100208,
2020.

[11]. Abdolreza Mirmohseni, Mortaza Rastgar, Ali Olad, “Preparation of
PANI-CuZnO ternary nanocomposite and investigation of its effects on
polyurethane coatings antibacterial, antistatic, and mechanical properties,”
Journal of Nanostructure in Chemistry, 8, 473-481, 2018.

[12]. Amir Mostafaei, AshkanZolriasatein, “Synthesis and characterization
of conducting polyaniline nanocomposites containing Zn0 nanorods,”
Progress in Natural Science: Materials International, 22(4), 273-280, 2012.

[13]. Dhonluck Manop, Chailoek Tanghengjaroen, Chatchai Putson, Panya
Khaenamkaew, “The effect of polyaniline composition on the
polyurethane/polyaniline composite properties: The enhancement of
electrical and mechanical properties for medical tissue engineering,” AIMS
Materials Science, 11(2), 323-342, 2024.

[14]. BN. Grgur, AR. Elkais, M.M. Gvozdenovi¢, S.Z. Drmani¢, T.Lj.
TriSovi¢, B.Z. Jugovi¢, “Corrosion of mild steel with composite polyaniline

coatings using different formulations,” Progress in Organic Coatings, 79, 17-24,
2015.

AUTHORS INFORMATION

Thai Thu Thuy', Dao Duy Manh?, Le Diem Quynh?, Do Thu Chieu?,
Dam Xuan Thang?, Pham Thi Tham?, Nguyen Thuy Duong’

lInstitute of Materials Science, Vietnam Academy of Science and
Technology, Vietnam

2Hanoi University of Industry, Vietnam

Tap 61- S0 5B (5/2025)



