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Tom tat

Bai bao nay gidi thiéu khdi qudat phiwong phdap va
trinh ti sir dung séng siéu am phan tan hén hop
hat ZnO-Fe ¢& nano vao mang phi epoxy thuan.
Cdc phdn tich dién héa mdu thi trong nhing
dung dich c6 tinh an mon cao da duwoc tién hanh.
Két qua thi nghiém cho thay hon hop hat ZnO-Fe
Cé nano sau khi dwoc bién tinh bé mar da twong
hop tét vao cac 16 réng trong mang epoxy, Cdi
thién rd rét kha nang chong an mon cia mang
phii, téc dé an mon giam rd rét: dat 8 lan véi moi
trwong axit, xap xi 34 lan véi méi trieong kiém
manh.

Tw khoa: Mang phu epoxy, hat nano, phwong
phap Tafel, ZnO, Fe.

Abstract

In this paper, the method and procedure for
preparation of using ultrasonic wave to disperse
mix-powder of ZnO-Fe nanoparticles into pure
epoxy coating are introduced generally. Some
electrochemical analysis of specimens in
aggressive corrosion solution have been carried
out. Those results have shown that mix-powder of
ZnO-Fe particles after surface modification were
well added into pinhole in epoxy films and the
anti-corrosion  properties of coating were
improved, corrosion rate were significantly
reduced: 8 times in acidic solution, approximately
34 times in strong alkaline solution.

Keywords: Epoxy coating, nanoparticles, Tafel
method, ZnO, Fe.

1. Mé dau

An mon 12 mét hién twong phd bién ddi véi cac
cau kién 1am bang thép, hop kim thép khdng cé kha
nang chdng gi trong mi trudng xam thuce nhu cong
trinh thép, bé tdng cdt thép xay dung & cira sdng ven
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bién, bd bién, hai dao [1], cac két cau cong trinh
xudng ma, dét nhuom, ché bién thyc pham,... [2].
Dé bao vé cu kién thép, hop kim thép trong moi
truong co6 tinh dn mon, trén thé giéi hién nay thuong
sir dung cac phuong phap nhu dung thép c6 chét tc
ché, thép hop kim khong gi, thép ma k&m va thép co
mang phu composite nén epoxy,... [1-3].

Str dung mang pha composite nén epoxy (goi tat
1a mang epoxy) dé chéng an mon cho cau kién thép,
hop kim thép da co lich sir phat trién hang chuc nam
[3]. Pé nang cao kha ning chéng an mon cho loai
mang nay, mot ham lugng khoang 1+7%wiw (ty I¢
khéi lwong) bot sét hitu co (organobentonite) hoic
bot kim loai, 6-xit kim loai c6 nhu Zn, Fe, ZnO, SiO,
Fe,03, ZrOy,... dugc tron truc tiép vao epoxy trudc
khi dong ran [4]. Chét gia cuong tuong hop Vi nén
epoxy lam gia tang kha niang can thim dung dich
dién ly va tao mang 6-xit bao vé thu dong cho thép
nén. Tuy nhién phuong phap nay sir dung lugng chat
gia cuong 16n, quy trinh ché tao phuc tap, doi hoi
nhiéu thiét bi hd tro nén gia thanh con cao.

Xuét phat tir mot dac diém 1a mang phu epoxy
sau khi h6a ran con ton tai nhiéu 16 nho li ti (pinhole),
trong nghién cau nay, cac tac gia da tién hanh st
dung song siéu am dé phan tan cac hat ZnO-Fe kich
¢& nano sau khi duoc bién tinh bé mit vao mang phu
epoxy thuan nham cai thién kha niang chng an mon
cua mang epoxy trong cdc dung dich an mon:
5%w/w H2S04, 5%vol. NaCl.

2. Phwong phap nghién ciru
2.1. Vit ligu

Céc thi nghiém trong phan nghién ctu nay sir
dung thép Carbon thip Q235 (tiéu chuin
GB/T700-2006 - co ly tinh twong dwong véi thép cbt
bé tong CB240-T theo TCVN 1651-1:2018) lam mau
thép nén. Epoxy sir dung loai bisphenol A d nhét
thip (700+1100mPas), c6 ma thuong pham Ia
GCC135, chat dong rin sir dung loai goc amine c6
mé thuong pham la W93. Bot ZnO ¢6 kich ¢& hat tir
20+50nm. Chét bién tinh bé mat 6-xit dugc sir dung
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la 3-aminopropyltriethoxy silane c6 mi thwong pham  2.2. Trinh te bién tinh bé mgt ZnO
la KH550. Bot Fe ¢ hat 60-80 (nm) dugc bao quan
kho khdng bién tinh (Hinh 1 va 2). Con 90%vol. va
Acetone déu dung loai dung dich héa phan tich.

Dé tang kha niang tuong hop giita 6-xit kim loai
(chit vo co) véi nén epoxy (chat hitu co), cac 6-xit

o

.2 ym

Hinh 1. Anh hgt ZnO chup bang kinh hién vi di¢n ti Hinh 2. Anh hgt Fe chup bang kinh hién vi di¢n tir
truyén qua (TEM) truyén qua (TEM)

Hinh 4. Phan ly ZnO khéi hén hep bang may ly tam
i a) Céc éng chira hén hep trong 16i may;
Hinh 3. Trén bgt ZnO véi chat bién tinh b) My ly tim dang hoat djng.

Hinh 5. Cac mdu thép lam di¢n cuc

Hinh 7. Anh chgp bang kinh hién vi quang hec d Hinh 8. Anh chup béng kinh hién vi quang hoc d@g
phoéng dai 800x cria bé mgt mgu PE phong dai 800x ciia bé mgt méu EZF
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kim loai dugc bién tinh bé mat. Phuong phap thuong
dung hién nay Ia bién tinh bang silane. Dau tién, can
mot lwong ZnO chtra vao cdc thi nghiém, cho vao
cdc chira mot lwong con 90%vol. véi khéi luong gap
50 lan khéi lugng ZnO. Pua cdc chira hdn hop vao
bé siéu am 35kHz dé phat siéu am phan ra trong 30’
Tiép dén, mot lugng KH550 ¢6 ty 16 20% khéi lugng
cua 6-xit dugc thém vao cbc, tron bang may tron co
hoc 2 cénh khudy trong 1h véi tbc d6 300rpm
(vong/phdt) (Hinh 3). Sau d6 hdn hop duoc tiép tuc
siéu 4m trong 30°. Tiép dén, hdn hop duoc phan ly
bang may ly tim dé tch san pham 6-xit da bién tinh
bé mat (Hinh 4). Cubi cuing, san pham duoc siy chan
khdng ¢ nhiét d6 80°C trong 6h va 110°C trong 6h
tiép theo.

2.3. Ché tgo mdu thir

Can mét lugng epoxy GCC135 chira vao céc thi
nghiém, dit céc chira epoxy vao ndi gia nhiét & 45°C
trong 1h cho giam d6 nhét, lay céc chia ra va lam
ngudi dén nhiét do6 phong (25+2°C). Thém lugng
chat dong ran W93 twong tng (ty 1& khdi lugng
GCC135/W93 1a 10/3) vao cdc, tron bang may tron
co hoc Véi téc do 150 (vong/phdt) trong 5°, sau do
hén hop duoc hut chan khdng trong ti chan khdong
Véi thoi gian 15° dé khir b6t bot khi sinh ra khi tron.
San pham duoc phu 18n bé mit cac dién cuc mau ché
tao bang thép Q235 (Hinh 5) cé dién tich bé mat 1am
viéc 1a 1cm? da dwoc lam sach bang dung cu tao
mang (wire-beam film applicator), d6 day mang
trong nghién ciru ndy 60um.
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Hinh 9. Puong cong phan cuc thé dgng ciia mdu PE1
va EZF; trong dung dich 5%w/w H2SO4
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bién cuc ¢ mang pha sau khi dong ran trong
diéu kién phong thi nghiém 24 gio duoc chia thanh 2
nhém, 1 nhém tiép tuc bao quan 48h tiép theo trong
phong, 1 nhom dung dé lam miu cai tao mang bang
hdn hop hat ZnO-Fe ¢& nano (Hinh 6).

Can 1g ZnO da bién tinh bé mat va 1g bot Fe cho
vao 1 cbc chira 60ml acetone (dam bao cach khi),
cho cdc vao bé siéu am 35kHz phat siéu am dé phan
ra trong 30°, sau d6 cho dién cuc mau c6 mang phu
epoxy da dong ran 24h vao coc va phat siéu am trong
5%, cho thém vao cdc 90ml cdn 90%vol. quay déu va
phat siéu am trong 25 tiép theo. Cubi ciing, dién cuc
duoc ly ra va bao quan trong phong 48h trudc khi
tién hanh phan tich dién héa. Cac mau epoxy thuan
duoc ky hiéu 1a PE;, cac miu epoxy qua xu ly gia
cudng hdn hop ZnO-Fe duoc ky hiéu la EZF;.

2.4. Phuwong phap thi nghiém

Pé danh gia kha nang chdng an mon dién hoa
ciia mang pha ma cu thé 1a kha nang lam giam téc
d6 an mon cua thép nén, cac dién cuc c6 mang phu
epoxy thuan va epoxy dd gia cuong hat ZnO-Fe
dugc ngdm trong dung dich 5%w/w H,SO, trong
12h (mau PE; va EZF,;), 5%w/w NacCl trong 72h
(miu PE; va EZF,) trude khi tién hanh thi nghiém
phan tich dién hoa bang may tram phén tich dién
héa CHI660C theo phwong phap 3 dién cuc. Tong
tro khang dién héa Z, Mat d6 dong an mon Icorr va
Téc d6 an mon CR dugc tinh ty dong bang phan
mém CHI ver. 8.03. Budng cong phan cuc thé dong
ciia cac mau (biéu dd Tafel) biéu dién méi tuong
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Hinh 10. Puong cong phan cuc thé déng ciia méu PE;

va EZF; trong dung dich 5%w/w NaCl

Bdng 1. Cac két qud phdn tich dwong cong phan cuc thé dgng (Phwong phdp Tafel)

Dung dich/Thoi gian ngdm mau 5%w/w H2SO04/12h 5%w/w NaCl/72h

Chi tiéu dién hda PE; EZF; PE; EZF,
Z(Ohm.cm?) 3.004 50.610 46.341 238.600
Icorr(A/cm?) 4,02E-05 5,02E-06 1,21E-06 3,58E-08
CR(g/h) 4,19E-05 5,23E-06 1,26E-06 3,73E-08
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quan gitra cuong d6 dong an mon (log current tinh
bing A) va dién 4p in mon (potential tinh bang V).

3. Két qua va thao luan

Hiéu qua co hoc trong xir ly 16 rdng li ti (pinholes)
trén bé mat mang phi epoxy bang hdn hop hat 6-xit
ZnO va hat Fe ¢& nano thé hién trén Hinh 7 (mang pha
chua xir ly) va Hinh 8 (mang phi da qua xir ly). C6 thé
thdy rang su phan tan hat nano vao céc 15 nho li ti nay
d3 1am cho bé mat mang phu min hon, cac hat 6-xit va
kim loai ¢ nano trong cac 16 rdng trudc hét da lam
giam qué trinh thdm dung dich dién ly qua mang phu
ddng thoi tao ra céc mang thu dong cuc bo dé bao vé
thép nén.

Tién hanh thi nghiém xac dinh tbc d6 dn mon
theo phwong phap dudng cong phan cuc thé dong
(phwong phép Tafel), biéu d6 Tafel biéu dién trén
Hinh 9 va Hinh 10.

Céc két qua phan tich dién hoa co ban duoc biéu
dién trong Bang 1.

Céc két qua nay cho thiy, trong cac moi truong
c6 tinh an mon manh, cac chét dién ly nhanh chéng
tham qua mang epoxy thuan (PE), tbc do an mon tuc
thoi tai thoi diém thi nghiém kha Ién, dién ap dn mon
nam ¢ mién am hon, dat xap xi -0,52V trong dung
dich H2SO, va xép xi -0,6V trong dung dich NaCl.
Vé6i cac mau duoc gia cuong bang hdn hop hat
ZnO-Fe ¢& nano, dién ap an mon déu dich chuyén vé
phia duong hon dat xdp xi -0,5V trong dung dich
H>S04 va xap xi -0,52V trong dung dich NaCl.

Nhu vay, hat 6-xit va kim loai da phan tan vao cac
15 rdng li ti va bam dinh truc tiép trén bé mat cua
mang phu nén qué trinh chuyén van céc chat dién ly bi
lam cham lai (duong thim bi kéo dai), nho d6 toe do
n mon ciing giam rd rét: dat 8 1an voi méi truong axit,
XAp xi 34 1an voi moi truong kiém manh (Bang 1).

Biéu d6 Tafel ciing cho thdy trong ci 2 mdi
truong dién ly, mau duoc gia cudng co6 cudng dod
dong an mon giam manh. Céc hat ZnO va Fe da phan
ung voi dung dich dién ly tao thanh mang thu déng
nén khoang thu dong dai hon va qué trinh an mon
ciing dugc mang nay lam cham lai. Phan ung hda
hoc da xay ra nhu sau:

Fe+NaCl+H,O — Hz+FeCl; +NaOH Q)
Fe + H,SO, — FeSO4 + H» (2)
Zn0 + H2S04—2ZnS0O4+H,0 (3)

Ngoai ra, mot phan hat ZnO ¢& nano sé& tac dung
véi ion CI trong dung dich NaCl dé tao ZnCl,. Cac
san pham cua cac phan ng héa hoc néu trén lip day
cac 16 kim (pinhole) va ngin chan qué trinh xam nhap
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cta chit n mon vao mang pht nén sau giai doan dau
cla qua trinh &n mon thi 16p mang bao vé thép nén
phét huy tac dung, toc d6 n mon giam rd rét.

Két qua nay da chung to phwong phap sir dung
song siéu &m phan tan hon hop hat ZnO-Fe ¢& nano
vao mang phu epoxy dat hiéu qua rd rét trong viéc
cai thién kha ning chéng an mon ciia mang.

4. Két luan

Nghién cttu nay da xay dung dwugc mot trinh tu
thich hop trong sir dung séng siéu &m phan tan hon
hop hat ZnO-Fe ¢& nano vao mang phi epoxy thuan.
Cac két qua phan tich hinh thai bé mat va phan tich
dién hoa da chiing t6 qua trinh gia cuong dat hiéu
qua t6t. Kha ning chong an mon cia mang phu
epoxy sau gia cuong da duoc cai thién dang ké. Tuy
nhién muac do lién két, kha nang dién day va do 6n
dinh cua cac hat gia cudng trong mang pha can phai
tiép tuc nghién caru dé co thé ang dung cho thuc té.
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