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TOM TAT
Trong diéu kién khi hgu nhiét doi néng am, hdu hét cac 1op phii bao vé kim loai nhanh chéng

xuong cap va mdt chirc ning bdo vé, dp bén duéi 5 nam. Cdc 16p phii théng thwong hién nay
diéu khong bén dudi tdc dong ciia tia cwc tim va sw tham wét bé mdt. Nghién cibu ndy nham muc
dich ché tao va khao sdt tinh khdng tham w6t va khang UV cia I6p phii nanocompozit trén co s¢
fluoroethylen vinyl ete (FEVE) két hop véi ong carbon nano (CNTs), déng rdn bang
polyisocyanate. B bén cao cia I6p phii FEVE/CNTs nho néng heong lién két -C-F trong phan
tir FEVE va hiéu ieng nano ciia 6ng CNTs. Son nanocompozit FEVE/CNTs gom cdc thanh phan
chinh: FEVE, CNTs, phu gia khing UV, dwoc ché tao bang phwong phap nghién va phan tan
siéu am. Cac thir nghiém co hoc dwoc thiee hién dé nghién ciru tinh chdt co 1y héa ciia lop phu
khi dong rdn bang polyissocyanate. Kha ning duy tri dé bong mang son sau 720 gio chiéu xa va
phun dam dat trén 90%. Trong khi @6 d duy tri dé béng ciia cdac 1op phii polyurethane, epoxy,
acrylic, alkyd lan lwot la 74%, 67%, 66% va 62%. Lop phii c¢é tinh ky nudc cao, dwoc thé hién
qua géc tiép xiic dat 105°,
Tir khoa: Lop phu nanocompozit; Kha ning khang UV; Ky nuéc; Fluoropolymer; Ong nano cacbon.

1. MO PAU

Trong diéu kién khi hau nhiét d6i, birc xa mait troi va do 4m bé mat 13 hai yéu t6 manh nhat
gy dn mon kim loai va pha hily cac 16p phi bao vé. Cac 16p phii thong thuong hién nay didu co
tudi tho dudi 5 nam, phﬁn 16n bi 130 héa va mat chirc nang bao v¢ kim loai sau khoang 3 nam
dua vao st dung [7, 8]. Cac hu hong tip trung vao viéc chit tao mang trong son bi ning luong
ctia tia UV lam dut gdy mach polyme, sinh ra gbc tur do va phat trién thanh cac hu hong, khuyét
tat 16n hon [2]. Khi d6 mang son bi mét chirc ning che chin, bao vé va cac yéu t6 moi truong dé
dang xam nhap va gy an mon kim loai.

Dé nang cao d6 bén 16p phi bao vé kim loai, can phai nghién ctru va ché tao mét 16p pha vira
c6 kha nang chéng tia cuc tim vira c6 tinh ky nudc dé han ché 16p 4m trén bé mat. Do 6n dinh
UV cuia 16p phii phy thudce nhiéu vao ning lugng lién két héa hoc trong chudi polyme [8]. Dudi
tac dong cua tia UV, néu ning lu:omg pha v& 16n hon nang lu:ong lién két va cac polyme co6 thé
hép thu ning lugng nay thi lién két s& bi pha v, tao thanh cac gbc tu do va gdy lao héa 16p phu
[1]. FEVE la chit tao mang c6 tinh co 1y cao, dic biét trong thoi tiét nhiét di. Tinh 6n dinh cao
ctia Fluoropolymer duoc giai thich boi nang luong lién két -C-F [1, 3]. Tinh chat ky nudc cta
16p phu tiy thudc vao thanh phan héa hoc va cau trac vat liéu. Dé giam kha nang tham chit long
(tang goc tiép xtic) co thé theo hudng giam ning luong bé mit hodc khuéch dai d6 nham bé mit
[4, 5]. Dé giai quyét hai yéu ciu trén chung t6i sir dung chét tao mang FEVE c6 ning luong lién
két cao, két hgp voi CNTs dé tao hiéu img nano trén bé mit 16p phu.

Ngoai ra, trén chudi phan tirt FEVE ¢6 mét nhom chirc -OH, do d96, c6 thé str dung isocyanate
v6i nhém chire dac trung -CNO dé dong ran cho mang son FEVE, nhim tang do bén co hoc, do
bén méi truong va hoa chét [3, 7].
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2. THUC NGHIEM

2.1. Ho4 chét

- Fluoroethylene vinyl ether (FEVE) resins: Non-volatile, %: 50; Ty trong ¢ 20 °C,,g/cm3: 1.1
— 1.15; B9 nhét, Mpa: 1200 — 2500; chi so Hydroxyl (mg KOH/g): 50 — 55; chi so6 acid (mg
KOH/Qg): 3. Nhan tir cac nhdm nghién ciru phoi hgp - Nhat;

- Isocyanate 6ACOHAT XN19: Non-volatile, %: 89 — 91; D nhét & 23 °C, cps: 450 — 650;
NCO content, %: 19.3 — 20.3; NCO equivalent weight: 212. Hang Bayer (Puc);

- Butyl acetate: Cong thirc phan tir: CgHy,0,; Nhiét do sbi: 126 °C; Khéi luong phan tu:
116,16 g/mol; Ty trong: 0.88 g/cm>. Hing Gotham (Pai Loan);

- Titanium dioxide TiO, Dupont Ti-Pure R 902: Hang san xuat: Dupont (My, Dai Loan);

- Phu gia khang UV: Speedblock 1130 va Speedblock UV92. Hang BASF, M¥;

- Cacbon nanotubes (CNTSs). San pham tu tong hop tai Vién Nhiét déi moéi trudng.

2.2. Thue nghiém

- Quy trinh tao mau lép phu thir nghiém dugc thuc hién qua cac bude dudi day:

_+Budc 1 - Tham uét CNTs va phan tan CNTSs trong dung moi hiru co bang siéu am: phan tan
bang thiét bi siéu &m UP400St: Cong suat 400 W, tan s6 23 Hz, thoi gian 30 phat;

+ Buéc 2 - Nghién min hdn hop chat tao mang FEVE, bot mau TiO, va phu gia: nghién bang
thiét bi thiét bi nghiéen bi truc ngang tuan hoan, téc @6 = 4500 - 5000 vong/phat, thoi gian 30 — 40
phut, nhiét d6 duy tri < 60 °C, d6 min yéu ciu < 1 micro;

|+ Budc 3 - Phan tan hon hgp nghién va CNTs trong dung mdi hitu co bang thiét b siéu am
két hop khuay co hoc vai toc do = 6000 vong/phat, thoi gian 20 — 30 phat, nhiét do duy tri < 50
°C (nho cbi nghién 2 16p 1am mét bang nudc).

- Phén tich x4c dinh nhdm chtc cua chat tao mang FEVE duogc dong ran:

+ Téch chiét cac chat dé bay hoi va cac hop chat thap phan tir d¢ nhan duoc polyme trong
dung dich chat tao mang;

+ Phan tich FTIR xac dinh nhém chuc thé hién phan tng déng ran FEVE.

- Khao st anh huong cua thanh phan chinh dén tinh chat 16p pha va dé xuét cong thic tbi wu

+ Khao sat anh huéng caa ham luong chat tao mang FEVE, chét tao mau, che phu CNTSs,
dung moi hiru co, phu gia khang UV;

+ Xéc dinh ham lugng chat dong ran st dung cho FEVE.

2.3. Phwong phap danh gia
2.3.1. Xdc dinh yéu cau tinh chat l6p phii

_ - Lop phu déap tmg duoc yéu cau vé cac tinh nang co 1y quan trong cua I6p phu bao vé trén
nen thép cacbon (TCVN 8789:2011): B§ bén bam dinh: diém 0; Do bén uon: duong kinh truc 2 mm;
Do bén va dap mang son: > 60 kg.cm; D bong > 80 GU; B¢ cieng but chi > 4 H.

- Ddi voi kha nang khang UV: dam bao > 90% sau 720 gio thir nghiém QUYV test, cao hon
40% so véi cac 16p phua thong thuong hién nay (polyurethane, epoxy, acrylic, alkyd).

- Tinh ky nuéc: gdc tiép xtc > 100°.

2.3.2. Phwong phap danh gid

- Thir nghiém d6 bén khang UV trong 720 gio:

+ Thir nghiém chiéu UV theo TCVN 11608-3:2016. Thong sé thir nghiém QUV test: 1 chu ky
8 gio, trong do 4 gio chiéu khd UVA340 (340 nm), cong suat birc xa 0.83 W/m?.nm, nhiét do
tam den 60 + 2.5 °C, 4 gio tiép theo la ban chu ky ngung tu (dark period) tat bac xa UV, duy tri
nhiét do 50 + 2.5 °C;
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+ Do d6 béng sau mdi chu ki 96 gid va ghi nhan két qua do duy tri d6 bong dé danh gia kha
nang khang UV.

- Thtr nghiém kha nang ky nuéc:

+ Thict bi do goc tiep xuc Data physic OCA 15EC theo TCVN 8556:2010 (1SO 27448:2009);

+ Tao mau trén tam thép phang (da xu ly bé mat).

3. KET QUA NGHIEN CUU VA BAN LUAN

3.1. Nghién ciru thiét 1ap cong thirc 16p phit FEVE/CNTs
3.1.1. Xdc dinh ham lwong chdt dong rdn polyisocyanate cho FEVE

]
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Tinh toan 1y thuyét ham lugng chit dong rén isocyanate XN19 sir dung cho chét tao tao mang
FEVE: FEVE/XN19 = (Mnco X Hydroxyl value FEVE x Non-volatile FEVE) / (Mon X Hydroxyl
value FEVE x Non-volatile FEVE) = 46x50x50/17x20x90 = 3.43. Suy ra ty 1& Iy thuyét
FEVE:XN19 = 100:29.
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Hinh 1. Két qua phdn tich FTIR mdau FEVE da déng rdn bang polyisocyanate.

_Tir két qua do FT-IR cho thdy tir dinh 3300 cm™ dén 3600 cm™ qua hinh anh ctia pho ¢6 thé
thay duoc bau pho r’(f)ng do ¢6 su xuat hién nhom —OH. O dinh 2950 cm™ ¢6 lién két -C-H, dinh
1690 cm™ c6 lién két -C=0, dinh 1470 cm™ c6 lién két ctia -C=C-, dinh 1250 cm™ ¢ dugc lién
két -C-O-C- va ¢ dinh 1150 cm™ 14 lién két -C-N-. Ttr cac lién ket trén co6 thé thay cac nhom -OH
trén cau truc phan tr cia FEVE da tao thanh cac cau ndi dong ran -C-N-.

3.1.2. Khdo sdt dnh hwéng cdc thanh phan va thiét ldp céng thirc 16p phit FEVE/CNTs

R
(b1) 8% TiO,  (c1)10% TiO,  (d1)12% TiO,  (el) 14% TiO,

EERER

(a2) 0.1% CNTs _ (b2) 0.3% CNTs (c2) 0.5% CNTs (d2) 0.7% CNTs _ (e2) 0.9% CNTs

(al) 6% T|02

Hinh 2. Két qua thir nghiém dé che phii dé xdc dinh ham hrong TiO, va CNTS.
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- Két qua thir nghiém tao 16p phu c6 d¢ day 50 um, cho thdy véi ham lugng TiO, > 12% va
CNTs > 0.5% thi 16p phu s€ dam bao do che phu hoan toan va c6 do che phu < 0.016 g/cm2
(TCVN 2095:1993). Céc hinh 3 (d1) va 3 (c2) cho thay 16p phu dam béo che phu hoan toan nén
gidy chuén thir 46 che phii, cac ham lugng TiO, va CNTs 16n hon van khong thay doi d6 che phu.

- Ham luong chét tao mang FEVE > 40% dé 16p phi FEVE/CNTs dam bao dugc d6 bam
dinh diém 0 (TCVN 2097:2015) va d6 bong > 85 GU (TCVN 2101:2016 ), dap ung yéu cau dbi
v6i son cho két cau thép theo TCVN 8789:2011.

- Ham luong dung mdi va chét gia cudng BaSO, dugce tinh toan, can dbi dé dam bao do nhdt,
d6 bam dinh va tinh chét bé mat.

Tir cac ham lugng t6i wu da xac dinh dé xuat cong thire 16p phit FEVE/CNTs nhu bang sau.

Bing 1. Céng thirc t6i wu 16p phit FEVE/CNTS.

TT Nguyén li¢u Ham luong
1 | Dung m6i Butyl Acetate 10
2 | Dung mbi Xylene 17.5
3 | Chat tao mang FEVE (fluoroethylen-vinyl ete) 50
4 | Phu gia trg phan tan Afcona 4071 2,5
5 | Phy gia hoéa déo 3
6 | Phu gia chong lang 2
7 | Phu gia phé bot 0,5
8 | Phu gia dan trai bé mit 0,5
9 | Phu gia khang UV 15
10 | Chét tao mau TiO, 12
11 | CNTs 0,5

Tong 100
Hon hop chit dong ran isocyanate XN 19 : Xylene = 1:1 29

3.2. Khaio sat tinh chit co Iy 16p phit FEVE/CNTs
Két qua thir nghiém, so sanh tinh chét co ly quan trong cuia cac I16p phu trén nén thép cacbon:
Bdng 2. So sanh chi tiéu co Iy cua lép phu FEVE/CNTS so véi Cac 1op phii thong thuong.

Chi tiéu co' ly Tiéu chuin D\Zn FCEI\\I/TES/ PU | Epoxy | Acrylic | Alkyd
D6 bam dinh TCVN 2097:2015 | diém 0 0 0 1 1
Do bong TCVN 2101:2016 | GU 91.2 934 | 94.1 895 | 90.7
Do bén va dap TCVN 2100:2013 | kg.cm 52 48 50 48 32
Do cling bé mit ASTM D 3363 H 4H 2H 3H 3H H
D bén udn TCVN 2099:2013 | mm 2 2 2 4 2
Do nhét TCVN 2092:2013 | gidy | 65-70 | 65-70 | 75-80 | 65-70 | 65-70
Do phu TCVN 2095:1993 | g/cm? | 0.016 | 0.018 | 0.019 | 0.018 | 0.017
Thoi gian khd bé | TCVN 2096:2015 | phat 10 15 30 5 120
mat
Thoi gian kho hoan | TCVN 2096:2015 | gio 48 72 72 24 168
toan

Két qua khao sat c4c tinh chat co 1y quan trong cua I6p phu cho thay tat ca cac chi tiéu co 1y

diéu dap ing t6t va vuot so véi yéu cau cho 16p phu bao vé két cdu thép theo TCVN 8789:2011
“Son bao vé két cau thép — Yéu cau va phuong phap thir”. So véi céc loai 16p phu thong thuong
(polyurethane, epoxy, acrylic, alkyd), c6 mot so chi tiéu twong duong nhu d6 bam dinh, d6 bdng,
d6 bén udn, do nhét, do bén va dap. Mot sb chi tiéu vuot so véi cac 16p phu con lai nhu d6 cuang
bé mat, do phu.
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3.3. Thir nghiém kha ning khang UV

Déi véi thur nghiém vé kha ning khang UV (QUV test) thi 16p phu FEVE/CNTSs trén co s
chat tao mang ho Fluoropolyme (FEVE - fluoroethylen-vinyl ete) cho két qua vuot troi so voi
cac loai lop phu con lai. Lop phu FEVE/CNTs ¢6 d6 d6 duy tri do bong kha cao, sau 360 gio
giam tir 90.2 GU xudng 87.7 GU tuong duong v6i 97.2%, sau 720 gio giam tir 90.2 GU xuéng
82.1 GU twong dwong 91.0%. So v&i cac mau 16p phi thong thuong do d6 duy tri d6 béng sau
360 gio diéu dudi 90% va sau 720 gid 1a dudi 75%. Qua tinh toan sau 720 gid thir nghiém QUV
test, kha nang khang UV cua I6p phu FEVE/CNTs vuot so vai Polyurethane 18.9%, Epoxy
26.4%, Acrylic 26.5%, Alkyd 31.4%.

KHA NANG KHANG UV CUA LOP PHU FEVE/CNT DO SUY GIAM PQ BONG CUA CAC LOP PHU SAU 360
SO VOI POLYURETHANE, EPOXY, ACRYLIC VA GIO VA 720 GIO THU NGHIEM QUV TEST
AYKYD 1000 475
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a0 — 1.0
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! Ed 85.0 sau 360 gio

2 £ 816 813
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<
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g Alkyd /700 7.0 6.9
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Gidr thir nghiém QUV test, gior < < Chat tao mang

Hinh 3. Két qud thiz nghiém QUYV test va so sanh véi cac logi lép phii khéc.

Kha nang khang UV cua I6p phu FEVE/CNTSs dugc giai thich boi nang luong lién két C-F va do
che phu, d xep chét cua cac hat nano trén be mat I6p phu. Nguyén tr flo twong doi nho, d6 phan
cuc thap nhung c6 d6 am dién I6n. Khi flo lién ket voi cacbon (-C-F), lién ket manh hon, khong
nhay cam véi lyc Van der Waals nhu hydrocacbon va khong de dang lién ket véi cac vat lieu khac
[2]. Néng lugng anh sang cao nhat dé pha huy vat chat la 411 kJ/mol, trong khi nang luong dé pha
huy céc lién két trong cac hop chat chira flo cao hon gia tri 6, nén né rat bén vai UV.

3.4. Két qua thir nghiém kha ning ky, nwéc

Két qua do goc tiép xtc va hinh anh thyc té cho thy: tinh ky nudc cua I6p phi nanocompozit
FEVE/CNTSs (a) vai gbc tiep xuc 1Q5°. Trong khi do, cac 16p phu FEVE/BaSO,, Epoxy/BaSOs,
PU/BaS0,, Acrylic/BaSO, c6 goc tiép xuc lan luot 1a 100°, 95°% 80°, 80°. So voi cac loai son phu
khéc, chat tao mang FEVE (ho fluoropolymer) co tinh ky nuéc tot hon so véi chat tao mang
thong thuong (Epoxy, PU, Acrylic).
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FEVE/CNTs FEVE/BaSO, Epoxy/BaS0O, PU/BaSO, Acrylic/BaSO,

Hinh 4. Gdc tiép xuc cua lép phi nanocompozit FEVE/CNTSs va cac lép phai khac.
Nguyén nhan duoc giai thich 1a do cac hat nano tao ra mot bé mat nham dong nhat vai nhiéu
1ong 1i ti kich thuéc nano xép khit nhau, bén dudi ¢ mot I6p khong khi bi mac ket khién nudc
chi lan phia trén, khong thé lam udt dugc nén day 16p phu, do vay, tang kha nang khang tham
nudc (géc tiép xac 16n).

Hinh 5. Gée tiép xiic ciia I6p phii nanocompozit FEVE/CNTS.
4. KET LUAN

Nghién ctru da phat trién cong thirc va quy trinh ché tao 16p phu nano compozit FEVE/CNTS.
Lép phu dap tmg day da céc tinh chat co 1y cho cac yéu cau bao vé cua sat thép. Mot sb tinh chat
co va nhiét ciing dwoc cai thién dang ké so vai 16p phu fluoropolymer khong cé chit dong rén
polyissocyanate. Dac biét, 16p phu tong hop nano FEVE/CNTs trén co s& chét tao mang FEVE
két hop véi cac chat phu gia c6 kha ning chéng tia cuc tim cao hon so véi cac loai son
polyurethane, epoxy, acrylic va alkyd. Sau 720 gi& kiém tra QUV, d6 duy tri do bong van trén
90%, hau hét cac 1op pha khac déu giam dudi 75%. Mot dic tinh khac cua 16p pha nano
composite FEVE/CNTSs 1a ky nudc, goc tham wdt dat téi 105° nho dic tinh cua 16p phu va su
hién dién cua cac hat nano CNTs, SiO2. Nhu viy, voi didu kién nhiét dsi am & Viét Nam, 16p
pht nano compozit FEVE/CNTSs gilp han ché tac hai cua tia UV va chéng thdm nuéc, kéo dai
tudi tho 16p phu ciing nhu loai bo cac yéu té an mon nhu d6 am bé mit, hoi mubi bién.

Loi cam on: Nhém tac gia cam on si tdi tro' vé kinh phi cdq chuong trinh “Nghién cuu dinh huong
can bo tré nam 2021" — Vien KHCN OS cung voi sw giup do ve y tuwong, phuwong phap nghién ciru cua
chuyén gia Nguyen Nhi Try va cdc cong su tai Vién Nhiét doi moi truong.
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ABSTRACT

Research of hydrophobic, UV resistance properties of FEVE/CNTs nanocomposite coating

based on fluoroethylene vinyl ether (FEVE) resins

Most protective coatings for metals and alloys are quickly degraded and lose their
functionalities with less than 5 years of durability in the tropical climate. The current
conventional coatings are unstable under influence of ultraviolet radiation and alternating
surface wetness. This research is aiming to develop a FEVE/CNTs nanocomposite coating
on the basis of combined fluoroethylene vinyl ester (FEVE) resin with carbon nanotubes
(CNTs) and polyisocyanate hardener, which are anticipated durable due to the C-F
bonding energy in the FEVE molecule and the nanosize effect of CNTs particles. The
FEVE/CNTs nanocomposite consisting of FEVE, CNTs, and UV resistant additive main
components, was fabricated by grinding and ultrasonic dispersion. Physico-mechanical,
chemical properties and durability of the coating were examined. As a result, the gloss
retention of the coating was retained at over 90% after 720 hours of UV irradiation and
humidification testing. Meanwhile, the comparative gloss retention values of
polyurethane, epoxy, acrylic, and alkyd coatings were estimated at 74%, 67%, 66%, and
62%, respectively. The coating is formed with high hydrophobicity, demonstrating the
contact angle of 105°.

Keywords: Nanocomposite coating; UV resistance; Hydrophobicity; Fluoropolymer; Carbon nanotubes.
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