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Tém tit

Déi voi nganh hang hai, thiét hai tir nhitng mang
I6n ha bam trén cdc vo tau thuyén ciing nhw cdc
cong trinh trén bién la vé cing lom. Ha bam trén
bé mat vo tau lam tang lyc can cua nudc bién lén
than tau, giam tinh co dong va hiéu sudt hoat dong
ciia tau. Bai bdo trinh bay mét sé két qua khdo sdt
tinh chdt co Iy va kha nang chong ha ciia I6p phii
epoxy trén co s¢ nhwa epoxy (YD-128) va chit
déng ran (G-5022) két hop nanocomposite
Cu/SiO,. Cdc tinh chat co Iy va thir nghiém kha
ndng chong an mon cua I6p phii epoxy dwoc xdc
dinh theo tiéu chudn Viét Nam, thir nghiém kha
ndng chong ha dwoe tién hanh theo ASTM D3623-
78a. Két qua nghién ciru cho thdy, 16p phii epoxy
két hop véi 1,0% nano Cu/SiO; lam ting dd bam
dinh lén 14,57%, do bén va ddp tang 9,09%, do
cung mang son tang 9,69%, do mai mon giam
20,00%, do gi dat mirc SO sau 30 chu ky thw
nghiém mit muoi. Sau 6 thang thir nghiém trong
moti truong bién, phan bdc bam bén sinh hoc dwoc
danh gia ¢ Bdc 4.

Tw khég: Son chéng ha, nhira epoxy YD-128, chit
dong ran G-5Q22, nanocomposite Cu/SiO;, thi
nghiém mu muoi.

Abstract

For the maritime industry, the damage from large
plaques on the hulls of ships as well as structures
at sea is enormous. Growth of fouling on a hull’s
surface increases the resistance of sea water to the
ship,  reduces the maneuverability —and
performance of the ship. This paper examined the
influence of Cu/SiO; nanoparticles on physico-
mechanical properties and antifouling of epoxy
paint which combined epoxy resin YD-128 and
hardener G-5022 with additive of nanocomposite
Cu/Si0;. The physico- mechanical properties and
anticorrosion test of epoxy coating are determined

according to Vietnam standards, antifouling test
of coating is carried out according to ASTM
D3623-78a. The survey results showwed that, the
epoxy coating with additive of 1.0% Cu/SiO;
nanoparticles, adhesion increased by 14.57%,
impact resistance increased by 9.09%, hardness of
epoxy coating increased by 9.69%, abrasion
resistance decreased by 20.0%, the degree of
rusting reached SO after 30 cycles of salt fog
testing. After 6 months of natural testing in the
marine environment, the biofouling classification
is assessed at level 4.

Keywords: Antifouling paint, epoxy resin YD-
128, hardener G-5022, nanocomposite Cu/SiO,,
salt spray test..¥

1. Mé diu

Hién nay, cic cong trinh bién dugc son phu bang
16p son epoxy da nang cao dwoc hiéu qua chng dn mon
va pha hiy ctua nude bién, tang do bén cho vat lidu két
chu [1, 2]. Bbi véi tau thuyén hoat dong trén bién, vo
tau duoc ché tao tir vat liéu thép chiém ty 1€ 16n trong
s6 cac loai tau bién nén chiu nhing tac hai v6 cung to
16n cua ha bién bam trén bé mat, hinh thanh nhimng
méng bam 16n 1am tang luc can ciia nudce bién 1én than
tau [3]. Sir dung 16p son phu 1a giai phap hitu hiéu dé
bao vé vo tau, thuyén la vat liéu thép han ché dugc su
an mon va kha niang chéng ha bam, dong thoi dap tmg
yéu cau bao vé moi truong sinh thai ludn 1a van dé cap
thiét hién nay. Céc loai son chdng ha duoc céc trung
tam nghién ciru hay cac hing son 16n san xuat lién tuc
nghién ciru phat trién nhdm dap tng dugc nhu cau thyuc
tién dat ra. Co ché chdng ha c6 thé duoc chia thanh cac
loai chinh sau: 1) Dya trén sy khuéch tan cta cac doc tb
¢6 trong nguyén li€u ty nhién hodc da qua so ché (nhya
céc loai cay co chira doc td hay nhya dudng) co tic
dung gy doc cho ha va cac dong vat bién khac khi
ching bam vao vo tau hay cac cong trinh bién; i) Dua
trén su thity phan cta cac doc chét trong thanh phan
mang son nhu tributyl thiéc (TBT), cic hop chét cua
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dong,...; iii) Co ché hydrat hoa: Mang son phan tmg véi
nude dé giai phong doc t6, do dé mang son bi mai mon
dan; iv) Co ché khong bam dinh: Dya trén d¢ phang
gan nhu tuyét ddi va do dan hdi cia mang son silicon,
nén ha bién khong thé bam trén bé mat; v) Co ché tinh
dién: Dya trén sy cing d4u dién tich 4m giita mang son
va ha ma ha khong thé bam dugc vao bé mit son. Co
ché nay dya trén cac cac nghién ctru c6 dén trén 90%
loai ha bién trén thé gioi déu mang dién am [4, 5].
Trudc kia, hop chat hitu co cua thiéc (Tributyl tin -
TBT) duoc st dung rat hiéu qua trong thanh phan son
chéng ha. Tuy nhién, nhiing nghién ciru da chi ra tac
hai cia TBT 1a gy rdi loan noi tiét, giam kha ning bam
cta sinh vat bién. Vi thé, theo Cong udc Quéc té, tur
nam 2003 TBT bi cim st dung trong thanh phan cua
son chong ha [4, 6]. Hién nay, cac loai son chéng ha
thuong sir dung Cu,O 1a doc chét gay doc ddi véi ha
[4]. Trong linh vuc vat liéu nano, nhom nghién cuu
Sarkar D. [7] va Behzadinasab S. [8] d@ nghién clru kha
nang chdng vi khuén, chdng nam, khir tring va lam
sach bé mat vat liéu cia mot sb Nanocomposite. Cac
nghién ctru vé kha nang chdng sinh vat bién thuong sir
dung nhua epoxy, acrylic,... lam chét tao mang [9].
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2. P6i twong va phwong phap nghién ctru
2.1. Nguyén vit ligu, héa chit va dung cu

Nhuya epoxy mac YD-128X90 (Coéng ty Kukdo,
Han Quéc); chat dong rin mac G-5022X70 (Cong ty
Kukdo, Han Qudc); nanocomposite Cu/SiO, (kich
thudc hat Cu < 100nm, kich thudc hat Cu/SiO; <
10pm; dugce téng hop tai Hoc vién K¥ thuat quan sy,
Viét Nam); xylene AR (Xilong, Trung Qudc); butyl
acetate AR (Xilong, Trung Qudc); acetone AR
(Xilong, Trung Quéc); thép tam Ct-3 (Viét Nam); tim
hop kim nhom (Viét Nam).

Sung phun son (Lanest, Japan); bé siéu am S10
(Elma, Burc); can phan tich (ACE, buc); can ki thuét
PR2202/E (Ohaus, Hoa Ky); cdc thily tinh 100ml
(Schott-Duran, Germany); diia thiy tinh (Trung Qudc).

2.2. Chudn bi dung dich son

Nano Cu/SiO; dugc phan tan vao dung moéi Butyl
acetate trong bé siéu 4m. Dung dich nhya epoxy
duogc thém tir tr vao hon hop trén va tiép tuc duoc
dua vao bé siéu am khoang 30 phut dén khi tao hdn
hop dong nhat.

Bing 1. 86 li¢u thiiy Iy, thiiy héa nwéc bién trung binh va sinh khéi bam bén [20]

. o L. . Nong dd O hoa | Sinh khéi bam
Thong so Nhiét do, °C D6 man, oo b6 pH 2 .
tan, mg/l ban, g/m?*/nam
Gia trj 25,1 -28,3 32-34 8,1-84 5,55-6,95 66,7 - 3444

Bdng 2. Thanh phén cdc mau son khéo sdt (phan khoi liegng)

Ky hiéu miu Nhua epoxy YD-128

Chit dong rin G-5022

Nanocomposite Cu/SiO2

KT00 50,00
1KTO1 49,95
1KTO5 49,75
IKT10 49,50

50,00 0,00
49,95 0,10
49,75 0,50
49,50 1,00

Bdng 3. Mt sé tinh chét co ly ciia I6p phii epoxy

P bam dinh,

Do bén va dap, Do mai mon,

Ky hi¢u miu Do béng, GU Do cirng
MPa kg.cm mg
KT00 110,5 4,46 110 0,53 0,025
1KTO1 110,8 4,66 110 0,53 0,025
1KTO05 111,9 4,90 115 0,55 0,023
IKT10 111,1 5,11 120 0,58 0,022

Bing 4. Mjt sé tinh chét co' Iy khdc ciia I6p phii epoxy

Ky hi¢u miu

Do bén uon, mm

Do day 16p son, um

KTO00 1
1KTO1 1
1KTO05 1
1KT10 1

412
38.8
42,1
39,5
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Nhua epoxy YD-128 va chit dong ran G-5022
duoc chuén bi theo ty 1¢ nhya epoxy YD-128/chét
dong ran G-5022 = 1,0/1,3 (phan khdi lugng) [9].
Dung dich son bao gdm nhya epoxy YD-128, chat
dong ran G-5022, nano Cu/SiO, va dung méi. Hon
hop nay duogc khudy tron ¢ nhiét do phong dén khi tao
dung dich ddng nhét trudc khi phu 1én bé mit cac tim
mau thép Ct-3 va tdm hop kim nhom.

2.3. Chudn bi méu thir nghi¢gm

Céc mau son khao sat chong ha dugc son phi tryc
tiép mot 16p va phii mot 1an 1én bé mit cac tim thép
Ct-3 (d6 day cac 16p phu dugc xéac dinh va tong hop
trong Bang 4).

Céc tAm thép Ct-3 véi kich thuée L x W x H =
150mm x 75mm x 2mm dugc pha 16p son epoxy dé
thyce hién danh gia d6 bong, do cing, d6 bam dinh, do
bén va dap, kha ning chéng dn mon va chéng ha.

Céc tim thép véi kich thuée L x W x H = 100mm
x 100mm x 2 mm dugc phi 16p son epoxy dé thuc
hién danh gia d6 mai mon trén thiét bi Taber, sit dung
banh mai CS-17.

Céc tim hop kim nhom vdéi kich thuée L x W x H
= 150mm x 10mm x 0,2mm dugc phu 16p son epoxy
dé danh gia do bén udn.

Lop phu epoxy duoc lam kho tai nhiét d6 phong
trong it nhat 7 ngay, sau d6 cac miu son nay duoc
danh gia cac chi tiéu co 1y va cac tinh chat khéc.

2.4. Phwong phdp nghién ciru

Do bong 16p son dugc xac dinh theo TCVN
2101:2016, v6i goc do 60° trén thiét bi Rhopoint 3 goc
do 20/60/85 [11].

Do day 16p son duge xac dinh bang phuong phap
siéu am theo TCVN 9760:2013 trén thiét bi Positector
6000 [12].

Do cing 16p son dugce xac dinh 1a d6 cing tuong
ddi, duoc thyuc hién béng phép thtr dao dong tat dan
cta con lic Persoz theo TCVN 2098:2007 [13].

Po bam dinh cta l6p son duoc xac dinh bf?mg
phuong phap kéo pull-off trén thiét bi Positest AT-A
theo ISO 4624:2016 [14].

D6 bén va dap cua 16p son duge xac dinh theo
phuong phép trong tai roi v6i miii 4n dién tich 16n theo
TCVN 2100-1:2013 [15].

Do bén ubn dugce xac dinh theo phwong phap truc
udn hinh try theo TCVN 2099:2013 [16].

Do mai mon ciia mang son dwgc xac dinh theo
TCVN 10061-1:2013, thiét bi Taber st dung banh mai
CS-17, tbe d6 quay 60 vong/phat. D6 mai mon duoc

tinh toan sau 300 vong [17].

Thir nghiém gia téc mi mudi dugce tién hanh theo
TCVN 8792:2011 [18], véi thir nghiém phun mu mudi
trung tinh (NSS), ndng d6 dung dich NaCl 5%, pH 6,5
- 7,2, nhiét d6 budng thir 35°C, téc d6 phun 200
mL/gio.

Thir nghiém chdng ha duoc thyc hién theo ASTM
D3623-78a [19], tai dia diém Tram thir nghiém bién
Pam Bay (Tp. Nha Trang, tinh Khanh Hoa) vdi cac
thong sb thuy 1y, thay hoa nude bién va sinh khdi bam
béan dugc tong hop trong Bang 2.

3. Két qua va thao ludn

Ty 1€ khao sat nano Cu/SiO,, nhya epoxy YD-128
va chat dong rin G-5022 dwoc dua ra trong Bang 2.
3.1. Khdo sdt cdc tinh chit co Iy ciia lép phii

Nhiing tinh chét uu viét cua vat lidu epoxy la kha
nang bam dinh tbt, chiu va dap va d6 mai mon thép )
v6i céc loai vat licu khac, 1a do phan tng héa hoc mé
vong nhém epoxy (trong nhya epoxy YD-128) bédi
nhom amide (trong chat dong ran G-5022). Phan {ng
khong tao ra cac san pham phu (nhu H,O, CO,,...) nén
vt lidu epoxy c6 do co ngét thap, dd bén cao,... Phan
ung hoa hoc gitta nhom epoxy va nhém amide dugc
mo ta trong Hinh 1 [21].

Ry—CO—NH—R; + CHy—CH—R —» Ry—CO—0—CH—CH,—NH—R,

|
o R

Hinh 1. Phdn vng giita nhom epoxy va nhom amide

Trong nghién ctru nay di khao sat mot s6 tinh chat
co 1y cua 16p phi epoxy két hop véi nano Cu/SiO,.
Céc tinh chit d6 1a: Do bong, dd bam dinh, d bén va
dap, do cing va d¢ mai mon cua 16p phu epoxy. Cac
két qua xac dinh duoc tong hop trong Bang 3.

Céc két qua trong Bang 3 cho thay, v6i ham lugng
0,1% nano Cu/SiO;, d§ bong 16p son epoxy co su thay
d6i rat nho (ting 0,27%). V6éi ham lugng nano
Cu/SiO; 16n hon 1a 0,5% hay 1,0%, d6 bong 16p son
epoxy tang thém 1,27% va 0,54%. Véi 16p phu epoxy
chura 0,1%, 0,5% va 1,0% nano Cu/SiO», d0 bam dinh
cta 16p phu epoxy trén nén thép Ct-3 ting lan luot
4,48%, 9,86% va 14,57%.

Véi ham lugng 0,1% nano Cu/SiO; trong thanh
phéan 16p phu epoxy, d bén va dap, 6 cimg va do mai
mon khong thay d6i. Tuy nhién, véi 16p phi epoxy két
hop voi 0,5% hay 1,0% nano Cu/SiO», cac tinh chét
nay co6 su thay ddi 15 rét. Véi 0,5% nano Cu/SiOa, do
bén va dap tang 4,55%, d6 cung ting 4,48% va do mai
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Xac dinh dj bén va dép

Xac dinh do bam dinh

Xac dinh do mai mon

Hinh 2. Hinh Gnh cdc tdm mau sau thir nghi¢m

Bing 5. Cic két qud dinh gid sau 30 chu ky thir nghiém (720 gio)

Ky hiéu A aR . . . i . ; D) bam dinh,
x Do phong rop bo gi Do ran nit Do bong tréc
mau MPa
KT00 S5 Ri 5 S2 S2 4,21
1KTO1 S5 Ri 4 S2 S2 4,38
1KTO5 S2 Ril S2 S2 4,72
1KT10 SO Ri O S1 S2 5,00

mon giam 8,00%. Vé&i 1,0%, do bén va dép ting
9,09%, do cung ting 9,69% va d0 mai mon giam
20,00%

Céc két qua trén cho thdy, cac tinh chét co 1y cua
16p phu epoxy da dwoc cai thién 16 rét khi két hop véi
nano Cu/SiO; tao 16p phd cé d§ bong cao, tang kha
nang bam dinh, d6 ciing cao, do bén va dap cao vakha
ning chiu mai mon vuot trdi. Didu nay co thé duoc
giai thich nhu sau: Vi cac vat li€u hat rin thong
thudng, khi tang ham luong cta ching trong 16p phu
epoxy lam giam d6 bong, nhung vai nano Cu/SiO; vai
kich thu6c nano di d& dang phan tan vao ciu trac vat
lidu epoxy tao ra khdi vét liéu véi mat do dac khit,
chat ché
nanocomposite Cu/SiO») ciing d& dang tao lién két véi

hon. Hon nita, nano Cu (trong
cac nhoém hydroxyl trong ciu triic mach cua nhwa
epoxy tao ra ciu trac vat liéu bén viing hon [22]. Bén
canh d6, cac hat nano kim loai c6 d9 cing cao da gia
cuong thém tinh chiu mai mon cho 16p phu epoxy. Do
do, cac tinh chat co 1y ctia 16p phu epoxy dugc nang
1én khi c6 su két hop voi nano Cu/SiO,.

Ngoai viéc danh gia cac tinh chat co 1y trén, nghién
clru nay di khao sat do bén udn va do day cua 16p phu
epoxy theo cac tiéu chuan ISO tai hé thong Vilas 938.
Céc két qua xac dinh dugc téng hop trong Bang 4.

Két qua trong Bang 4 chi ra rang, sy bd sung nano

Cu/SiO; vao 16p phu epoxy khong lam thay d6i 6 bén
ubn, viéc tao 16p son epoxy bang phwong phap phun
c6 d6 day tuong dbi dong déu.

Mot s6 hinh anh cac tim mau sau khi xac dinh cac
tinh chét co 1y dugc thé hién trén Hinh 2.

3.2. Khdo sdt khd ning chéng an mon

Céc 16p phu dong vai tro quan trong trong viéc bao
Ve chéng lai sy an mon két chu thép trong diéu kién khi
hau bién nhiét doi, vi vay phép thir nghiém mu mudi
d6i véi 16p phi epoxy c6 ¥ nghia thyc tién cao.

Bé& mit cac tim méu thir nghiém dugc danh gia
theo cac chi tiéu: D6 phdng rop (TCVN 12005-
2:2017) [23], d6 gi (TCVN 12005-3:2017) [24], d
ran nit (TCVN 12005-4:2017) [25], 6 bong tréc
(TCVN 12005-5:2017) [26], d6 bam dinh (ISO
4624:2016) [27]. Panh gid bé mat cic mau thir
nghiém cho thay:

1) Sau 20 chu ky thtr nghiém (twong duong vai
480 gio): bo phéng rop, do gi, do ran nut, d6 bong
troc trén bé mat cac tim mau thir nghiém khong c6 su
thay doi.

2) Sau 30 chu ky thtr nghiém (twong dwong vai
720 gio): bo phéng rop, do gi, do ran nut, d6 bong
troc cuia 16p phii trén bé mat tim mau thir da co sy thay
d6i kha rd nét d6i véi cac 16p phu két hop véi 0,1%
va 0,5% nano Cu/SiO,. Tuy nhién, véi 16p phu epoxy
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1KTI10 1KTO05

1KT01 KT00

Hinh 3. Hinh dnh cdc méu sau 30 chu kp thiv nghiém

TKO00

1TKO1

1TKO05

1TK10

Mau thir ban ddu Sau 3 thang thir nghiém Sau 6 thang thir nghiém

Hinh 4. Bé mdt cic méu thiv nghi¢m khé ning chéng ha

két hop 1,0% nano Cu/SiO», d6 phdng rop va do gi
chua c6 su thay ddi, d6 ran nut dat mac S1, do bong
troc dat mure S2, do bam dinh trén nén thép Ct-3 giam
2,15% so voi 16p phu epoxy khong su dung nano
Cu/SiO,. O ham lugng st dung nano Cu/SiO; thip

hon 1a 0,5% va 0,1%, d6 bam dinh giam lan luot
3,67% va 6,00%. Do gi ciia bé mit tim thép duge phu
thir nghiém c6 thé danh gia theo TCVN 8790:2011,
dat cAp A (v6i tim mau 1KTO05), cdp C (voi tim mau
1KTO1 va KT00).
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Nhiing két qua thir nghiém mu mudi trén cho thay
kha nang chdng an mon va chiu nudce bién ctia 16p phi
epoxy la kha tot. Cac két qua danh gia duoc tong hop
trong Bang 5. Hinh anh bé mit cic mau son thir
nghiém gia téc mi mudi dugc minh hoa trong Hinh 3.
3.3. Thir nghiém khda ning chong ha

Véi dinh hudng st dung nano Cu/SiO; trong 16p
phu epoxy chdng ha bién, nghién ctru di tién hanh thir
nghiém ty nhién chéng ha bién tai tram thir nghiém
bién Pam Bay (TP. Nha Trang, tinh Khanh Hoa), vi
tri ctia tram thir nghiém c6 dic diém moéi truong bién
teong tu khu vuc bién Cam Ranh, la vung c6 nhiéu
tau thuyén quan su ciing nhu tau thuyén dan sy neo
dau, vi thé két qua thir nghiém mang tinh thuc tién g
dung cao.

Danh gia kha niang chong ha bién [28], trong thoi
gian 6 thang thir nghiém cho thay,

Sau 3 thang thir nghiém: Bat ¢iu xuét hién cac sinh
vat bién (rong, réu,...) bam trén bé mat mau, mtc do
bam day hon & mau son sir dung 0,1% va 0,5% nano
Cu/SiO,, phan bac bdm bén sinh vat bién duge danh
gia ¢ Bac 3 (Tu 10% dén 20% dién tich bi sinh vat
bién bam), mirc do bam thua hon & miu son chira
1,0% nano Cu/SiO,, dugc danh gia & Bac 5.

Sau 6 thang thir nghiém: Mau son khong két hop
hodc két hop dén 0,5% nano Cu/SiO», s lugng ha
bam ting nhanh (chiém khoang 20% - 50% dién tich
bé mit méu thir), phén bac bam ban & Bac 2. Mau son
két hop nano Cu/SiO; & ham lugng cao hon (1,0%),
tuy chwa xuat hién ha bam nhung da c6 mot sé diém
4u tring dang 1am t6 va mot vai ca thé sinh vat bién
bam trén bé mit, twong tng v6i phan bic bam ban
sinh vat bién & Béc 4. Hinh anh cc tim mau thu
nghiém chdng ha trén Hinh 4.

4. Két luan

D61 v6i son chdng ha, ngoai yéu cau chdng ha
bam thi cac tinh chét co 1y va kha ning chiu nudc
bién ciing khong kém phan quan trong. Cac két qua
nghién ctru va khao sat trong cong trinh nay cho thay,
v6i sy két hop 1,0% nano Cu/SiO; trong 16p phu
epoxy da cai thién ro rét cac tinh chét co ly, taing kha
ning chiu nude bién va ting kha nang chéng ha cho
16p phu epoxy. Két qua nghién ctru goép phan dinh
huéng g dung thuc té cho san phdm son epoxy két
hop nano Cu/SiO; vao vi¢c son phu bé mat tau vo
thép cling nhu cac cong trinh hoat dong va khai thac
trén bién, hai dao va ven bién thudc vung khi hau
bién nhiét d6i Viét Nam.
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