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SUMMARY

EFFECT OF Zn ON ELECTROCHEMICAL PROPERTIES AND ANTI-FOULING
ABILITY OF ETHYL SILICATE COATINGS

Traditional antifouling coatings include paint layers: anti-corrosion primer, intermediate paint and
antifouling paint. To overcome the difficulty of bonding between paint layers, a coating that integrates
antifouling and anti-corrosion capabilities in the same coating on an ethyl silicate binder has been
researched. In the pigment mixture including spherical Zn, flake ZnAl and Cu,0, the effect of spherical Zn
content (30 wt%, 40 wt% and 50 wt%) on anti-corrosion properties was investigated by electrochemical
impedance spectroscopy and polarization curves. The results after 30 days of soaking in 3.5 wt% NaCl
showed that the total resistance of the coatings increased, and the corrosion resistance of the coating with
50 wt% Zn content reached the highest efficiency, the impedance module reaches the value 50,2 kQ.cm?. The
polarization curve method also confirmed the corrosion protection of the integrated coatings following a
cathodic protection mechanism. Antifouling test results in natural seawater environment after 2 months of
testing showed that, with appropriate Zn content (30 wt% Zn), an integrated coating with the lowest fouling
density was created in the research samples, the coating surface only shows a biofouling film, the surface is
still visible under the fouling layer%. Test results show that the integrated coating has the ability to prevent
settlement and inhibit the growth of marine microorganisms for 2 months.

Keywords: Integrated coating, EIS, antifouling, anticorrosion, ethyl silicate.

1. MO PAU cong nghiép dai duong (H*, CI' va O,)
gdy ra va cac cdn sinh hoc bién do su bam
dinh va phat trién ciia vi khuan va sinh vat
bién gay ra [2].

Trong moi truong bién, an mon dién hoa
va 0 nhiém sinh hoc déu c6 anh hudng
xau dén co s¢ ha tang va thiét bi kim loai,

tao ra mot van dé toan ciu vé phat trién Dé bao vé bé mit kim loai khoi sy dn mon
bién [1]. Do d6, cac chu d& nghién ciru va chéng ha bam, phuong phap st dung
phd bién hién nay 13 ngin chin sy in mon 16p phu trén bé mit kim loai 13 phuong
dién hoa do cac hoa chét trong nganh phap hiéu qua va phd bién. Thong thuong,
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mot hé son chdng ha thuong co tir 3 dén 4
16p son, bao gom tir 1 dén 2 16p son 16t
(son chéng dn mon), tiép theo 1a son trung
gian nham tao lién két giira 16p son 16t va
16p phu ngoai cung, va cudi cung 1a 16p
son chéng ha phu bén ngoai c6 tac dung
chéng bam bén sinh hoc. Tuy nhién, céc
16p phu truyén théng thudng c6 mot chirc
ning duy nhat: chdng ha hodc chéng an
mon. Trong qua trinh phat trién cac 16p
phu chong ha (vi duy, 16p phu giai phong
chét ban, 16p phu ning luong bé mit thap,
16p phii khang protein va 16p phi chong
ha sinh hoc) [3, 4], mdi quan tAm chinh la
tinh niang chdng ha cua chung; trong khi
hiéu suét &n mon duogc bo qua. Tuong tu,
tinh ning chong ha thuong khoéng duoc
xem xét khi thiét ké 16p phu chdng an
mon [5, 6]. Nhiing han ché vé thiét ké nay
tao ra lop phu chi c6 mot chuc ndng duy
nhat; do d6, can phai son nhiéu 16p dé dat
dugc dic tinh chdng ha va chong an mon.
Pé khic phuc diéu nay, cho dén nay,
nhiéu phuong phap chéng ha va chéng an
mon duogc tich hgp (integrated antifouling
and anticorrosion coatings (IAACSs)) trong
cung mot 16p phu da dugc nghién ciru va
cong b [3, 7-10].

Cac phuong phap thuong dugce s dung dé
giai quyet van dé bam bén sinh hoc, bao
g6m chéng ha vat 1y, chong ha sinh hoc va
chéng ha hoéa hoc. Trong do, viéc sir dung
16p pht chéng ha héa hoc 14 mot trong
nhitng phuong phép chéng ha duogc sir
dung phd bién nhit hién nay, doi hoi it
nhan luc va vat luc hon, déng thoi 1a
phuong phap hiéu qua va lau dai nhat dé
ngan chin sy hap phu cta vi sinh vat va
sinh vat lon [11].

Lép phu c6 chtra pigment cé chitc nang
chéng an mon Zn c6 hiéu qua bao vé
chéng dn mon cao trén nén thép theo co
ché bao vé cathodic va rao can, trong do
co ché bao vé cathodic 1a do su tiép xuc
dién gitta cac hat kém [12]. Vi vay, viéc
két hop Zn cing v6i pigment chong ha
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trong cung mot 16p phu la mot hudng
nghién ctu dang dugc quan tam. Trong
cac loai pigment c6 chirc ning diét khudn,
pigment Cu,0 duoc sir dung trong hau hét
cac loai son chéng ha ngay nay va dugc
xem 14 chit diét khuan chiém wu the trén
thi truong do dac tinh khang khuén vén c6
cua no [13].

Anh hudng cia chét tao mang dén hiéu
qua su dung cua cac pigment trong lop
phu tich hop dong vai tro quan trong [2].
Chét tao mang son phu VO co co co ché
bao v¢ chong an mon chinh 1a bao v€ hang
rao, cung cip rao can vat 1y chéng lai su
xam nhép cua cac loai an mon vao 16p phu
nhu nude va cac ion khac nhau, trong do6
ethyl silicat dugc str dung phd bién nhét &
dang dung dich trong dung moéi hitu co
[14]. Chét tao mang nay c6 thé phan tng
v6i cac hat kém trong mang phu dé hinh
thanh nén kém silicat bao quanh cac hat
kém. Pong thoi, chit tao mang trén nén
silicat ¢6 thé phan tng hoa hoc véi nén
thép, két qua tao ra sy bam dinh tuyét voi
v6i nén thép va kha ning chiu mai mon t6t
ctia mang son kho [15].

Nham hiéu rd hon vé hiéu qua chdng in
mon va chdng ha cia 16p phu tich hop Zn
va Cu,0, trong bai bao nay, 16p phu tich
hop kha ning chéng an mon va chong ha
da duoc diéu ché bang cach phdi tron hon
hop Zn va Cu,O vao trong chat tao mang
ethyl silicate. Anh hudng ctia ham luong
Zn dang cau dén dic tinh dién hoa cua 16p
phu ethyl silicate da dugc nghién ctu.
Dong thoi kha niang chdng bam ban sinh
hoc cua 16p phu tich hgp cling da dugc
thir nghiém trong méi truong nude bién ty
nhién.

2. THUC NGHIEM

2.1. Vit liéu

Tam thép CT3 kich thude 10 x 15 x 0,2
cm?® dugc sir dung 1am kim loai nén. Ethyl
silicate 40 (TEQOS), ethanol, HCI 37%,
Cu,O dang hinh khéi c6 kich thude 5-7



um duoc mua tor cong ty Jinan Finer
Chemical Co., Ltd; bot mica dugc cung
cap boi cong ty Hebei Chida Manufacture
and Trade Co., Ltd. Ppigment kém hinh
cdu c6 kich thuéc hat trung binh tir 5-7
pum (CoOng ty son Jotun, Viét Nam).

2.2. Ché tao 16p phi

Mau thép CT3 duoc tdy ddu md trong
dung dich kiém nong, tay gi trong HCI va
tao nham bang gidy nham 600 trudc khi
son phi. Chat tao mang ethyl silicate
duogc diéu ché bang phuong phap sol-gel,
voi thanh phan phan trim khdi lugng bao
gom: 39,5 wt% ethanol, 1,57 wt% H,0,
0,019 wt% HCI, 42,32 wt% bot mica va
16,59 wt% TEOS. Dung dich chit tao
mang sau khi duoc diéu ché dugc dé yén
trong 24 gio ¢ nhiét d6 phong. Thanh
phan va ti 16 pigment bao gom: Cu,0 va
ham lugng Zn cau duge trinh bay ¢ Bang
1. Dung dich son dugc diéu ché bing
cach khudy tron hdn hop pigment vao
trong dung dich chit tao mang cho dén
khi dung dich son khong con von cuc, loc
dung dich son qua ludi loc c¢& 60 va tién
hanh phi 1én bé mat kim loai nén bang
phuong phap nhing. Lép phu duge dé
kh6 6 nhiét do phong trong 7 ngay, sau do
tién hanh phan tich dic tinh chong an mon
va chéng bam ban sinh hoc cia 16p phu.
Do day cua 16p phu 14 90 + 10 pm.
Bdng 1. Phan trdam khg”'i lwong cua cac pigment
trong cdac mau dung dich son

Thanh phan Mau
pigment
(Wt%) Al A2 A3 A4
Zn ciu 50 30 40 50
Cu,0 0 5 5 5

2.3. Phuong phap phéan tich

Phan tich tong tr& dién hoa trén bé mat
l6p phu dugc thyc hién bang th@ét b1
Autolab PGSTAT 204N. Mot hé thong te
bao ba dién cuc da dugc s dung cho tat
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ca cac thi nghiém. Hé théng duoc lap rap
voi dién cuc bach kim lam dién cuc SO
sanh, mau tht 1am dién cuc lam viée va
dién cuc Ag/AgCl lam dién cuc tham
chiéu.

Phan cuc DC duoc st dung dé nghién ctru
mat do dong an mon (icor) VA thé an mon
(Ecorr) ctia cac 16p phu. Bién ap dugc quét
trong khoang +£150 mV ddi v6i dién thé
mach hé (OCP) véi toc do quét 1a 0,01
VIs.

Mat d6 dong dn mon thu dugc bang k¥
thuat ngoai suy Tafel & mic +50 mV
xung quanh OCP. Phép do EIS dugc thuc
hién trén dién tich mau phu 1a 3,46 cm?
trong dung dich NaCl 3,5 wt% & dai tan
s0 100 kHz-0,01 Hz. Bién d¢ cua dién thé
xoay chiéu 12 10 mV dén 0 trén OCP. Dbi
véi mdi mau, phan tich duoc thyuc hién ba
lan dé dam bao d6 lip lai caa phép do va
dir liéu thu dugc duoc diéu chinh va phan
tich duong cong tong trd bang phan mém
Nova 2.0.

Kha ning chéng bam ban sinh hoc dugc
thr nghiém ty nhién trong moéi truong
nuée bién. Mau dugc thir nghiém tai khu
vuc Pam Béy thudc dao Hon Tre, Nha
Trang trong thoi gian tr 01/2024-3/2024.
Mau dugc ngim trong nudc blen va cach
mat nudc 1 mét. Thong 5O Ve moi truong
nudce bién tai vi tri ngdm mau c6 pH = 8,0
-8,3; T (°C) = 25,5 - 30,7; d6 man (%) =
3,5 - 3,6. PO che phil bé mit dugc xac
dinh theo tiéu chuan ASTM D 6990, 2011
[16] duoc s dung dé danh gia hiéu qua
chbng bam ban.

3. KET QUA VA THAO LUAN
3.1. Pho tong tré dién héa

Hién nay, pho tong trd dién hoa duoc xem
1a k¥ thuat dién hoa thiét yeu trong nghién
ctru khoa hoc vat liéu dé kiém tra va giam
sat qua trinh dn mon cia 16p phu. Pho
tong tro dién hoa ciia cac 16p phi ethyl
silicate ¢ cac ham lwong Zn cau khac



nhau dugc biéu dién ¢ Hinh 1 theo cac
thoi gian ngdm khac nhau. Véi ban kinh
hinh ban nguyét 16n hon lién quan dén
ddc tinh chéng an mon t6t hon cua 1op
phu [17], sau 4 ngay ngdm trong NaCl 3,5
Wt%, mau Al c6 ban kinh hinh bén
nguyét 16n nhat. Diéu nay cho thay kha
ning bao vé chéng an mon cua Zn cau va
hop kim ZnAl 1a kha tbt trong 16p phu
ethyl silicate. D4i véi cac mau A2, A3 va
A4, hinh ban nguyét & mién tan s cao thé
hién tré khang va dién dung cua 16p phu
cho thdy xuat hién qua trinh chuyén dién
tich gira 16p phu va dung dich [18].
Ngoai ra, duong thang c6 goc 45° so véi

truc hoanh cho thiy c6 sy khuéch tan cua
dung dich di¢n ly vao trong long 16p phu
[19]. Piéu nay cho thiy, 16p phu tich hop
c6 hon hop pigment Zn cau va ZnAl dang
vay da xuét hién su khuéch tan cua dung
dich dién ly vao trong long 16p phu trong
nhitng ngay dau ngam.

Sau 15 va 30 ngay ngam, ban kinh hinh
ban nguyét clia cac mau c6 xu hudng 16n
dan, hién tuong nay co thé 1a do san pham
an mon hinh thanh trong qué trinh oxi hoa
kém di 1ap day céc 15 rong trong 16p phu,
lam ma tran 16p phu kin khit hon, tor d6
han ché sy xam nhédp cia dung dich di¢n
ly va lam tang tré khang.
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Hinh 1. P6 thi Nyquist (a) va do thi Bode theo tong tré (b) va géc pha (c) ciia cdc I6p phii tich hop khi ngdm
trong NaCl 3,5 Wt% theo cac thoi gian khdc nhau

Mot thong sb c6 thé duoc xem xét dé
danh gia kha niang bao vé chdng an mon
cua 16p phu la dién tro téng duoc dac
trung boi modul tré khang ¢ tan s thap
[20]. Két qua phén tich modul tré khang &
Hinh 2a cho thiy, khi ham luong Zn ciu
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thap nhat (30 wt% - mau A2) thi 16p phu
¢6 modul tr& khang thip nhat so v6i mau
A3 va A4 trong sudt qua trinh thi nghiém.
Khi ham luong Zn cau tang 1én, gia tri
modul cta 16p phu cling ting theo. Piéu
nay cho thiy ham luong Zn cau trong 16p



phu dong vai tro kha quan trong trong
viéc bao vé chdng an mon. Kha ning tiép
xuc di¢n gilra cac hat k€m trong 16p phu
di tao ra co ché bao vé catod, ham luong
Zn cao di kéo dai thoi gian bao vé chdng
an mon, va dong thoi cling tao ra rao can
vat 1y khi san pham an mon lap day trong
ma tran 16p phu, tir 46 ngin can su thim
thdu cua dung dich dién ly vao trong long
16p phu.
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Hinh 2. Modul tro lghdng (a) & tan sé thap 10 mHz
va goc pha (b) ¢ tan so cao 100 kHz cua cdc lop
phu sau 30 ngay ngam trong NaCl 3,5 wt %.
Do thi biéu dién goc pha & tan s6 cao (100
kHz) theo thoi gian ngam c6 thé cho biét
hiéu suit bao vé cua 16p phi. Goc pha
cang am (cang gan -90) thi 16p phu cang
¢6 kha ning chdng sy xdm nhap ciia dung
dich dién ly hon. Két qua thu dugc tir biéu
do Bode ¢ Hinh 2b cho thdy goc pha cua
cac mau déu ting cao (dich chuyén vé
phia am hon) theo thoi gian ngam. Diéu
nay co thé duoc giai thich 1a do dién tro
cua 16p phu ting cao, dong dién c6 xu
hudéng di qua dién dung cua 16p phu lam
cho goc pha am hon, do dong dién di qua
tu dién léch pha 90° so véi dién ap [12].
Két qua nay cho thay trong 30 ngay ngam

130

trong NaCl 3,5 wt%, 16p phu tich hop c6
kha niang kim ham sy khuéch tan cua chét
dién ly vao trong 16p phu.

Dé nghién ctru hanh vi bao vé chdéng an
mon va xu hudéng d&n mon cua cac 16p phu
tich hop, két qua khao sat bang phuong
phap do duong cong phan cuc dugc thao
luan tiép theo.

3.2. Pudng cong phan cuc

Phuong phap do duong cong phan cuc
duogc st dung dé xac dinh toc d6 an mon
va thé an mon cua kim loai, cling nhu
hiéu qua bao vé chong an mon cua 16p
phu. Két qua do dudng cong phan cuc cia
cac 16p phu tich hgp c6 cac ham luong Zn
khac nhau dugc thé hién ¢ Hinh 3. Két
qua cho thay mau Al (50 wt% Zn, khong
c6 Cuz0) ¢ gia tri thé dn mon gan voi
dién thé am tdi thiéu -735 mV (Ag/AgCl),
mot ti€u chi phé bién duoc sir dung cho
cac 16p phu ké€m, da dugc chon lam tiéu
chi dé bao vé catdt [21]. Bbi voi 16p phu
tich hop, khi ham lugng Zn & mirc thap
nhit (mau A2 - 30 Wt% Zn) thé an mon
dich chuyén sang phia duong hon. Piéu
nay cho thdy mau A2 chiém uu thé vé
hanh vi rao can vat 1y di véi viéc bao vé
catod. Pidu nay c6 thé 1a do ham lugng
Zn qua thap dé bao vé 16p phu theo co ché
hy sinh. Khi tdng ham lugng Zn lén 40
Wt% va 50 wt% thi thé an mon cua 16p
phit ¢6 xu huéng dich chuyén vé phia 4am
hon, mau A4 (50 Wt% Zn) thé hién hanh
vi hy sinh nhiéu hon.
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Hinh 3. P6 thi dwong cong phdn cuc ciia cdc 6p
phii tich hop co cac ham lugng Zn khdc nhau sau
15 ngay tiép xiic véi NaCl 3,5 wt %



Xu huéng dn mon cia kim loai c¢6 thé
duoc xac dinh thong qua gia tri thé an
mon Egor. Két qua xac dinh thé an mon
ctia cac 16p phit & Bang 2 cho thiy, khi
tang ham lugng Zn tir 30 wt% lén 50 wt%
thi gia tri Ecorr giam xudng twong tng 13 -
585.11 mV va -677,7 mV. Nhu vay kha
ning bao vé chéng in mon cta mau A4
(méu c6 ham luong Zn cao nhit) cao hon
so v6i cac mau A2 va A3 d6i véi 16p phu
tich hop. Ngoai ra c6 thé quan sat, do doc
anod (Ba) tang khi tang ham luong Zn,
diéu nay gan lién véi sy giam dan vé toc
d6 hoa tan trén phan Gmg anod. Két qua
nay ngu y rang, khi ting ham lugng Zn
trong 16p phu thi qua trinh hoa tan kém s&
giam dan trong qué trinh tiép xtc véi
dung dich dién ly. Piéu nay co6 thé 1 do
qua trinh khuéch tan chéat dién phan vao
16p phti bi han ché do sy ngan can cua san
pham #n mon. Luc nay 16p pha s& duoc
bao vé boi hai co ché luan phién: co ché
bao v¢ catod do trang thai hy sinh ctia Zn
va co ché 1o can ctia san pham dn mon.

3.3. Thir nghi¢ém kha ning chéng bam
ban

Kha ning chéng bam ban ciia 16p phu tich
hop dugc thtr nghiém trong moi truong
nudce bién ¢ d6 sdu cach mat nude 1 m.
Két qua thir nghiém sau 2 thang ngdm
dugc trinh bay ¢ Hinh 4 cho thiy, mac du
16p phu khong tich hop doc t6 chong ha
(miu A1 khong chira Cu0) thé hién dic
tinh chong an mon kha tét trong k¥ thuat
phan tich dién hoa nhung bé mat 16p phi
khong chong lai dugc sy xdm nhdp va
bam ban ciia vi sinh vat bién trong moi

truong nudc bién ty nhién. Sau 2 thang
thur nghiém, bé mat m:?lu Al di xuét hién
su dinh cu va phat trién cac san phdm cua
bam ban sinh hoc, bao gém ha va dong
vat réu. Kich thude ciu trac hinh tru cta
ha bam c6 duong kinh khoang 0,5 - 1 cm,
chiéu cao cua dong vat réu lén dén 2 cm.
Do che phu bé mat cta ha va dong vat réu
chiém khoang 65%. P6i voi 3 16p phu
tich hop: A2, A3 va A4, sau 2 thang thur
nghiém, bé mat ca 3 16p phu déu chua
xuét hién ha bam hay dong vat réu, ma chi
xuat hién mang bam ban sinh hoc ciia cic
phan t hitu co, chrfmg han nhu protein,
polysaccharides. O 16p phu A3 (40 wt%
Zn) s6 diém cua vi sinh vat bién gin két
va dinh cu xuét hién trén bé mit it hon
nhiéu so véi mau A4 (50 wt% Zn). Do
che phii bé mit cia mau A3 va A4 tuong
tmg 12 6% va 15%. Mau A4 c6 do che
phtl bdam ban nhiéu hon c6 thé 1a do ham
luong Zn qué cao c6 thé lam thay ddi su
phan tan cua cac pigment, lam han ché su
tlep xuc cia doc t6 CupO véi vi sinh vat
bién, tr d6 1am giam hiéu qua chong ha
bam ctia 16p phi. Nhu vdy c6 thé thay, ¢
mau A2 c¢6 ham lugng Zn 30 wt%, hiéu
qua bao vé chdng an mon cia Zn va kha
ning chong ha ctia Cu,0 di tao ra 16p phu
¢6 kha nang ngan nglra bam ban sinh hoc.
Maic du Cu0 lam suy gidm hiéu qua bao
vé chong an mon khi dugc tich hop véi
16p phu Zn qua sy gidam modul tré khang
¢ k¥ thuat phan tich dién hoa (Hinh 2a),
tuy nhién Cu,O van thé hién hiéu qua
chéng ha trong thoi gian 2 thang tiép xtic
v6i moi truong nude bién.

Bdng 2. Cdc théng s6 an mon ciia cdc I6p phii tich hop trong 15 ngay tiép xiic véi NaCl 3,5 Wt %.

Mau Ecor (MV Vs AGQ/AGCH) | igorr (MA/cm?) Ba (MV/dec) | - (mV/dec) | R, (Q.cm?®)
Al -710,83 0,66324 105,45 230,96 13700
A2 -585,11 2,2759 84,406 201,87 3282,6
A3 -601,51 1,3151 95,284 213,48 6287,9
A4 -677,7 1,8233 114,46 209,97 5099,6
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Hinh 4. Két qua thir nghiém kha nang chong bam
bdn ciia I6p phii tich hop c6 cac ham lwong Zn
khdc nhau sau 2 thang ngam trong nwée bién
ty nhién.

4. KET LUAN

Trong nghién ctru nay, 16p phu tich hop
kha ning chdng an mon va chong ha trong
cung mot 16p phi trén nén chit tao mang
ethyl silicate da dugc nghién cuu, trong
d6 anh huong ciia ham lugng Zn cau dén
dac tinh cua 16p phu tich hop da duoc
khao sat. Két qua phan tich dic tinh
chbng an mon bang phuong phap k¥ thuat
dién hoa cho thay, kha nang bao vé chong
dn mon cua 16p phu tich hop tot hon khi
ham luong Zn trong 16p phu cao hon.

Két qua phan tich dudng cong phan cuc
cua 16p phi c6 ham lugng Zn cao hon
cling x4c nhan kha ning bao vé chéng an
mon cta 16p phu bang co ché bao vé
catod. Thtr nghiém ty nhién trong 2 thang
& méi trudng bién cho thdy Iop phu tich
hop c0 ham lugng Zn thich hop (30 wit%
Zn) lam tang hiéu qua chong ha, ngin can
sy dinh cu va kim ham sy phat trién cla
vi sinh vat bién. Két qua nghién ctru phan
nao cho thay tiém ning cta 16p phi tich
hop trong viéc bao vé kim loai nén trong
moi trudng bién. Tuy nhién, dé danh gia
day du kha ning chéng an mon va chong
ha caa 16p phu khi tich hop, can kéo dai
thoi gian thir nghiém trong moi trudng
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bién tur nhién. Cac dac tinh co hoc, hinb
thai bé mat va toc do giai phong doc t6
cua 16p phu tich hgp dang dugc tiép tuc
nghién ctlru.
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