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Nghién ctru kha nang bao vé chéng @n moén cua I&p pha epoxy
CNT/ZnO-clay nanocompozit
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Abstract

Mechanical and corrosion protection properties of the epoxy nanocomposite coatings depended on the dispersion of
nanoparticles in epoxy matrix. To improve the dispersion of carbon nanotubes zinc oxide (CNT/ZnQO) in epoxy matrix
composites, clay nanofil8 (N8) was added. Fourier Transform Infrared (FTIR), X-ray diffraction (XRD) Field Emission
Scanning Electron Microscope (FE-SEM) analyses show the distribution of CNT/ZnO and clay in epoxy matrix. The
electrochemical impedance spectroscopy (EIS) was evaluated the anti-corrosion of epoxy nanocomposite coatings. The
mechanical properties such as adhesion, impact and bending strength were also carried out. By using 0.25 % CNT/ZnO
combined with 1 % N8 compound, the mechanical and corrosion protection behavior of epoxy composite coatings were

improved.
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1. MO PAU

Béo vé chdng an mon kim loai 1a vin d& dang
duge cac qudc gia hét sirc quan tam bai thiét hai do
in mon gay ra rat 1on. Theo thdng ké cta T6 chirc dn
mon thé gigi (WCO) thiét hai do an mon nam 2016
chiém khoang 3,4 % tong thu nhap qubc dan cia thé
gi61 twong duong voi khoang 2,5 ngan ty USD (chua
ké dén anh huong moi truong, tai nan v.v.). Theo
béo cao cua hiép hoi cac qubc gia vé chdng dn mon
(NACE) thiét hai do an mon & My nam 1998 1a 276
ty USD, nam 2013 1a hon 1 nghin ty USD, nam
2016 wdc tinh khoang 1,1 nghin ti USD, chiém
khoang 6,2 % GDP ctia My, cao hon thu nhép tir nén
néng nghiép. Nudc ta nam trong ving khi hau nhiét
d6i, nhiét d6 va d6 4m cao lam gia ting cac qud trinh
an mon kim loai, vi vdy viéc bao vé chéng an mon
cho cac cong trinh kim loai 1a vin dé hét sirc quan
trong.

Céc 16p phu hitu co dugc tng dung nhiéu trong
viéc bao vé chéng an mon vi gia thanh ré, dé thi
cong trong cac diéu kién khac nhau. Tuy nhién tudi
tho ctia cong trinh bao vé bang phuong phap son
phii nay van con han ché do cac 16p phu hitu co
thuong bi 130 hoa theo thoi gian boi cac diéu kién
khi hau nhu nhiét do, 6 4m céc tia birc xa v.v. Hon
nira, dé ting thoi gian bao vé chdng dn mon cua cac
16p phu hitu co, ngudi ta di phai dua vao cac chat tc
ché doc hai v6i con ngudi va moi trudng. Vi vay cac
nha khoa hoc da Iudn luén quan tdm tim cach nang

cao thoi gian bao vé cua cac 16p phu hitu co cling
nhue lam giam cac yéu té giy doc hai cho méi
truong. Mot trong nhitng hudng di méi 1a tim ra cac
chat phu gia m6i dé nang cao kha ning chéng in
mon va do bén cho cac mang son.

Bot oxit kém la pigment dugc st dung lam phu
gia chng an mon, chdng UV trong cac 16p phu hitu
co. Shailesh K. Dhoke da sir dung nano ZnO voi
kich ¢& hat dugi 50 nm trong lop phu alkyd va
alkyd-silicon [1, 2]. Két qua cho thdy voi nong do
nano ZnO rat thap (dudi 0,3 %) c6 thé tang kha ndng
chéng an mon, chéng cao xudc va chéng mai mon
cua lép phu. Thém vao d6, su ¢ mat cua nano ZnO
khong anh huéng dén d6 trong quang hoc cua lop
phu, thay vao do cac hat nano con c6 kha nang tang
do bén caa polyme, giam ld0 héa. Mot s nghién
ctru khac vé acrylic, polyuretan cua T. Xu, C. S. Xie,
va Aswini K. Mishra ciing cho thdy sy cai thién cac
tinh chit co hoc va mot sé tinh chat dic biét nhu
chéng dién tinh, chdng vi khuan khi nano ZnO duoc
dua vao 16p phu [3, 4]. Cac nghién ctu sir dung
nano ZnO va nano ZnO bién tinh bang silan lam
chat hip thy UV tmg dung trong 16p phu polyuretan
[5, 6]. ZnO & ndng do thip 0,1 % da ting dang ké do
bén UV cua mang son. Nano ZnO c6 tac dung ting
kha ning bao vé chdng dn mon va do bén UV cia
16p phu polyuretan.

Ong cacbon nano (CNT) ciing duoc st dung ché
tao cac 16p phu nanocompozit ¢6 kha nang chiu thoi
tiét tot dong thoi co tinh chat co 1y tot. Tuy nhién
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CNT thuong bi co cum trong polyme vi do luc Van
der Waals giita ching do vdy nhiéu coéng trinh
nghién ctru bién tinh CNT dé ché tao polyme
nanocompozit. Bién tinh bé mat CNT bang cac hat
nano oxit k&m (CNT/ZnO) lam cho CNT phén tan
t6t hon trong polyme. Pong thoi mot sé cac tinh chat
ctia oxit kém s& c6 wu thé trong nano CNT/ZnO.

Clay hitu co ciing dugc st dung trong linh vuc
polyme compozit dé nang cao cic tinh chét cta
polyme ban dau. Tinh chat co 1y ctia polyme clay
nanocompozit ting 1én nho sy dinh hudng tdt va do
twong hop cao gitta polyme va clay hiru co. Vi du
cac epoxy clay nanocompozit véi chit dong rin
amin c6 cau trac clay xen 16p c6 tinh chét co 1y ting
[7]. Clay bién tinh hitu co ciing lam ting do bén
nhiét ciia epoxy. Do bén nhiét phu thudc vao loai
hop chat hitu co bién tinh clay. Epoxy nanocompozit
chira clay bién tinh bang alkyaminuim d6 chiu nhiét
trén 300 °C trong khi epoxy nanocompozit chira clay
bién tinh bang ankyl phosphonium c6 d chiu nhiét
trén 400 °C [8]. Clay hitu co c6 tinh chit che chin
bao vé chéng dn mon cho cac 16p phu polyme clay
nanocompozit. Tinh chit che chin cao ctia polyme
clay nanocompozit c6 thé duoc giai thich bang dang
dudng di zigzag cua chat dién ly khi ngdm qua bé
mat mang.

Str dung phu gia nhu CNT/ZnO két hop véi clay
hitu co 1am cho CNT/ZnO c6 thé phan tin vio
khoang cach giira cac tdm clay tranh lam co cum,
ddng thoi cac tim clay cing lam cho CNT/ZnO
phan tan trong mang polyme t6t hon. Nghién ctru két
hop céc phu gia nano nay nham két hop cac wu diém
clia cac phy gia nano riéng r& dé nang cao tinh chat
co 1y, tinh chat che chin bao vé chdng an mon cua
mang son trong mdi truong chiu nhiét do cao. Két
qua nay cho biét kha ning bao vé chdng n mon cua
mang son epoxy CNT/ZnO clay nanocompozit &
nhiét d6 cao, c6 y nghia thyc té voi khi hau nong am
¢ Viét Nam.

2. THUC NGHIEM
2.1. Nguyén liéu

- Clay hitu co Nanofil8 bién tinh hitu co bang
hop chat distearyl dimetyl amonium clorua, khdi
lugng riéng 1,8 glcm®, kich thudc & trang thai phan
tdn 1x100x500 nm.

- Ong nano cacbon da vich NANOCYL™
NC7000, Vuong qudc Bi, duong kinh éng trung
binh 9,5 nm, c¢6 d§ dai trung binh 1,5 pm, ham
lugng cacbon 90 %, ham lugng oxit kim loai 10 %,
dién tich bé mit riéng 1a 250-300 m*/g, da dugc bién
tinh bé mit bang cac hat nano oxit kém cé kich
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thudce hat trung binh khoang 10 nanomet.

- Dung mdi xylen, k¥ thuat, Trung Qudc.

- Nhya epoxy EPON™ Resin 828, cia hang
Hexion, M¥.

- Chét déng ran Ancamine 2753 trén co s& amin
vong cua hang Air Products.

2.2. Phwong phap nghién ciru

- Phuong phdp phé nhiéu xa tia X, do trén may
cua D8-ADVANCE-Brucker cia Khoa Héa hoc,
Truong Pai hoc Khoa hoc ty nhién Ha Noi.

- Phirong phdp phé hong ngogi: mang son dugc
do bang phuong phap phan xa trén may Nicolet IS
10, cua Vién K¥ thuat nhiét déi.

- Phuwong phdp do tinh chat co ly: dd bam dinh
theo tiéu chuan ASTM D3359, do bén va dap theo
tiéu chuan (TCVN-2100-77), D6 bén udn theo tiéu
chuin (TCVN-2099-77) tai Vién K§ thuat nhiét déi.

- Phurong phdp kinh hién vi dién tir quét: cic mau
dugc chyp trén may Hitachi S-4800 tai Vién Khoa
hoc Vit liéu, Vién Han 1am Khoa hoc va Cong nghé
Viét Nam.

- Phirong phdp tong tro: sit dung hé 3 dién cuc,
dién cyc lam viéc 1a tdm thép phu mang son, dién
cuc so sanh 1a dién cuc calomel bao hoa, dién cuc
dbi 1a luéi platin. Cac phép do dwoc thuc hién trén
may Autolab PG30 (Ha Lan) tai Vién Ky thuat nhiét
doi.

- Ché tao mang son Epoxy chira phu gia nano

Nhua epoxy thém phu gia CNT/ZnO 0,25 %,
Nanofil8 1 % theo khbi luong dugc nghién trén may
nghién bi. Mau thép CT3 duoc lam sach dau m&
bang xa phong, rira sach bang nudc cét, etanol, siy
kho. Mang duoc ché tao bang phwong phip tao
mang ly tdm trén mday Filmfuge 1110N (Sheen).
Chiéu day mang sau khi khd khoang 25 um.

3. KET QUA VA THAO LUAN

3.1. CAu tric ciia mang son epoxy
CNT-ZnO/Clay nanocompozit

Trén hinh 1 1a phd hong ngoai phan xa ctia cta
mang son epoxy (EP), mang son epoxy chua clay
N8 (EP-N8) va mang son epoxy chira clay va
CNT/ZnO (EP-N8-CZ), céc pic dac trung dugc dua
ra trong bang 1 [9-11].

Pho hong ngoai ciia cac mau EP, EP-N8 va EP-
N8-CZ co céc pic dac trung tuong ung 1650, 1606,
1454 cm™ dac trung cho lién két C-H mach vong,
1358 dic trung cho lién két C-H trong nhém CHs va
1180 cm™ dic trung cho lién két C-C cua epoxy
[13]. Pic dic trung cho lién két Si-O va Al-O d6i véi
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Hinh 3 1a gian d6 nhidu xa tia X clia mang son
epoxy (EP), mang son epoxy clay (EP-N8) va mang
son epoxy clay CNT/ZnO (EP-N8-CZ). Ca ba gian
dd nay déu c6 hinh dang gan twong tu nhau. Gian do
nhiéu xa tia X cta hai mau EP-N8 va EP-N8-CZ
khong c6 cac pic dac trung cho khoang céach 16p
gilta cac tam clay, diéu nay chung t6 rang clay hiru
co N8 phan tan tét trong nhya epoxy va nhwa epoxy
khi c6 mat CNT/ZnO.

C4c pic trén hinh 3a cho thiy clay hiru co N8 ¢6
khoang cach giita cac tim clay tuong tng 13 4.4,
12,9 va 19,5 A [12].

=19,5
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Hinh 3: Gian d6 nhidu xa tia X cua N8 (a), mang
son epoxy (b), mang son epoxy N8 (C) va mang son
epoxy clay CNT/ZnO (d)

Hinh 4 12 anh SEM mit cét clia mang son epoxy
(a), mang son epoxy clay (b) epoxy CNT/ZnO (c),
mang son epoxy clay CNT/ZnO (d) voi d6 phong
dai 80 ngan lan. Hinh 4b ¢ thé quan sat thay cac
tdm clay trong nén epoxy, hinh 4c quan sat thiy
CNT/ZnO trong nén nhwa epoxy, hinh 4d cho thiy
cac tam clay nam xen trong CNT/ZnO. Nhu viy
trong cac mang son EP-N8, epoxy CNT/ZnO va
mang son epoxy clay CNT/ZnO, cic tim clay,
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CNT/ZnO va clay CNT/ZnO phan tan tot trong nhiya
epoxy.

Hinh 4: Anh FESEM mit cit cia mang son epoxy
(a), mang son epoxy clay (b) epoxy CNT/ZnO (c),
mang son epoxy clay CNT/ZnO (d)

3.2. Tinh chét co 1y ciia mang son

Trén bang 2 trinh bay két qua do tinh chét co Iy
Clia mang son epoxy va epoxy chtra cac phu gia khéac
nhau. Két qua cho thay cac mang son déu c6 do bén
udn tét (1 mm); d6 bén va dap va do bam dinh cua
cac mau son chira phu gia N8, CNT, CNT/ZnO va té
hop cac phu gia trén déu c6 do bam dinh va do bén
va dap cao hon so véi mau epoxy khong chira phu
gia.

Bdng 2: Tinh chit co 1y cua cac mang son

ST i bo | Do bén | Do bén
T Mau bam va dap uon
dinh | (Kg.cm) | (mm)
1 EP 4B 140 1
2 EP-N8 5B 160 1
3 EP-CZ 5B 170 1
4 EP-N8-CZ 5B 170 1

Do bén va dap, d6 bam dinh va d6 bén uén cua
mang son tang 1a do CNT co vai tro gia cuong cho
mang epoxy giau k&m. Cac éng cacbon c¢6 cau tric
nano dan xen vao mach epoxy lam gia tang d¢ chat
ché& ctia mang va co vai tro gia cuong cho mang.

3.3. Kha ning bio vé chéng in mon ciia mang
son

Kha ning bao vé chdng dn mon cia cac 16p phu
dugc danh gia bang phuong phap do tong tro dién
hoa cac mAu mang son. Hinh 5 va 6 trinh bay phd
tbng trd cua mang son epoxy (EP), epoxy chira
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CNT/ZnO (EP-CZ), EP chira N8 (EP-N8) va epoxy
chirta CNT/ZnO va N8 (EP-N8-CZ) sau 1 ngay va 28
ngay.
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Hinh 5: Phé tong tré ciia cac mang son sau 1 ngay
ngam trong dung dich NaCl 3 %

Sau 1 ngay ngam trong dung dich NaCl 3 %, phd
téng trd clia mang epoxy EP-CZ va EP-N8-CZ dugc
dic trung boi 1 cung. Phé téng tré cia mang EP-N8
hinh thanh 1 cung va cung tht hai hinh thanh chua
1d rét. Pidu nay ching to rang chit dién ly da ngdm
dén bé mat kim loai thong qua céc 15 hodc khuyét tat
trén bé mat mang. Gia tri dién tro mang tuong ng
v6i cung tan s cao cia mang EP-N8-CZ cao hon
gia tri cia mang EP-N8, EP-CZ, va mang EP.
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Hinh 6: Pho tong trd clia cac mang son sau 28 ngiy
ngadm trong dung dich NaCl 3 %

Sau 28 ngay ngam trong dung dich NaCl 3 %,
quan sat phé tong tré cua cac mau cho thdy gia tri
téng tré clia cung tan sb cao cia cac mang son déu
bi suy giam. Tuy nhién, gia tri tong tr¢ ctia mang
EP-N8-CZ chi suy giam nhe va c6 gia tri cao nhat.
Diéu nay ching t6 kha ning bao vé chéng an mon
ctia mang EP-N8-CZ t6t nhat.

Gia tri modul téng tré tai tan s6 thip (|Z|in.)
cling duoC st dung dé danh gia kha ning bao vé
chéng dn mon cua mang son [15]. Hinh 7 la dd thi
Zle theo thoi gian dugc xac dinh tir tong tré cua cac
mau EP, EP-CZ, EP-N8 va EP-N8-CZ.

Pham Gia Vii va cong sw
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Hinh 7: Su thay dbi modul tong trd ctia cac mang
theo thoi gian ngdm dung dich NaCl 3 %

Gia tri modul tong tré mau EP-N8 va EP-N8-CZ
¢6 xu thé 6n dinh va duy tri & gia tri cao hon so véi,
modul tong tré ciia mau EP-CZ va EP. Gi4 tri modul
téng tr& ciia EP bi suy giam sau khoang 8 ngay c6
xu thé giam dan theo thoi gian ngam trong dung
dich. Piéu nay cho thiy ring cic miu EP-N8 va
EP-N8-CZ c6 kha nang bao vé chéng an mon tdt
nhat.

4. KET LUAN

- Pi nghién ctru ché tao son epoxy st dung phu
gia CNT/ZnO va clay hitu co nanofil8.

- Két hop CNT/ZnO véi Nanofil8 1am ting kha
nang phan tan cua cac loai phu gia nano trong mang
son lam gia ting tinh chat co 1y va kha niang che
chin bao vé chéng an mon cia mang epoxy
CNT/ZnO-clay nanocompozit.

Loi cam on. Céng trinh nay dwoc hé tro kinh phi
nghién ciu tir Vien Han lam Khoa hoc va Cong nghé
Viét Nam (dé tai VAST 03.05/15-16).
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