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NGHIEN CU'U CHE TAO SON LOT EPOXY CHONG Ri
SU' DUNG HAT NANO SILICA MANG CHAT U'C CHE XANH
AXIT 3,5 DINITROBENZOIC

STUDY ON THE FABRICATION OF ANTI-RUST EPOXY PRIMER USING SILICA NANOPARTICLES LOADED
WITH THE GREEN INHIBITOR 3,5-DINITROBENZOIC ACID
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TOMTAT

Nghién cttu nay nhdm muc dich ché tao thanh cong son I6t epoxy chdng ri than thién méi trudng bang cach diéu ché cac hat nano Si0, mang axit 3,5
dinitrobenzoic va sir dung chiing nhu phu gia nanocarrier tic ché xanh. Phan tich UV-vis va TGA da khang dinh rang cac hat nano Si0; hap phu chét tc ché dn mon
xanh axit 3,5-dinitrobenzoic (nanocarrier Si0,-DNBA) 6 ty 1& Si0,:DNBA = 4:1 da dugc ché tao thanh cdng. Két qua thir nghiém do bén co hoc cho thdy nho vai
tro nano gia cudng ctia nano-Si0;, cc tinh chét co (dd ciing tuang d6i, dd bén mai mon va dd bén va dap) ctia mang son |6t epoxy chifa 2,5% phu gia tic ché an
mon nanocarrier Si0,-DNBA da duoc tang cudng déng k€. Phan tich tng tré dién hda (EIS) ctia 16p phd sau 2 gi va 30 ngay va thi nghiém phun mudi chira
rang viéc thém nanocarrier Si0,-DNBA vao mang son 16t epoxy lam tang dién trd phan cuc bang cach gidi phdng chat tic ché axit 3,5-dinitrobenzoic tir chat mang
nano Si0,, cac hat nanocarier Si0,-DNBA khéng chi tang cuong hiéu qua chan clia [6p phl epoxy ma con (ic ché, ngan chan cac vét ri sét lan rong ra xung quanh
va tic ché an mon thép trong thai gian ti€p xtic |én dén 30 ngay.

Tirkhéa: Son I6t epoxy, nano Si0;, axit 3,5 dinitrobenzoic, chdt tic ché dn mon xanh.

ABSTRACT

This study aims to successfully fabricate an environmentally friendly anti-rust epoxy primer by preparing the 3,5-dinitrobenzoic acid loaded Si0;
nanoparticles and using them as a green inhibitor additive. UV-vis and TGA analysis confirmed that Si0, nanoparticles adsorbing the green corrosion
inhibitor 3,5-dinitrobenzoic acid (Si0,-DNBA nanocarrier) were successfully synthesized (Si0,:DNBA ratio of 4:1). Thanks to the role of Si0, nanoparticles as
a reinforcing nanofiller, mechanical test results showed both the relative hardness, abrasion resistance, and impact strength of the epoxy primer film
containing 2.5% Si0,-DNBA nanocarrier were significantly enhanced. Electrochemical impedance (EIS) and salt spray analysis indicated that adding Si0,-
DNBA nanocarriers into the epoxy primer film increased its polarization resistance by releasing the 3,5-dinitrobenzoic acid inhibitor from the Si0,
nanocarrier. The Si0,-DNBA nanocarriers not only enhanced the barrier effect of the epoxy coating but also inhibited and prevented rust spread and inhibited
steel corrosion during 30 days of exposure.

Keywords: Epoxy primer, nano 5i0,, 3,5-dinitrobenzoic acid, green corrosion inhibitors.
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1. GIGI THIEU

An mon kim loai gdy ra nhiéu hé luy vé kinh t&, moi
trudng va tiéu ton tai nguyén [1]. Trong thuc té, cac chat
phu gia tc ché dn mon thudng dugc bé sung truc ti€p vao
moi trudng an mon hoac dugc thém vao cong thic son
dé tang cudng khéd nang bao vé chéng an mon. Khi c6
mat chat Gc ché &n mon, qua trinh 3n mon bi tri hoan
hoac t6c dd oxy héa kim loai bi cham lai [2]. Khi chat tc
ché bao phd bé mat nén kim loai sé ngan chan su tan
céng clia cac tac nhan an mon [3] bang cach giam kha
nang di chuyén clia cac ion kim loai théng qua hiéu tng
phan cuc; 1am cho bé mat kim loai c6 dién trd cao hon; va
lam giam su khuéch tan ctia chat phan ting dén bé mat
kim loai. Hoat dong clia chat tc ché &n mon vé co c6 thé
la cat6t hoac anét trong khi chat tic ché an mon hiu co
c6 thé hoat ddng nhu mét chat hap phu hodc nhu mot su
két hop cat6t-an6t. Chat tc ché hitu co chia céac di
nguyén ti nhu Oxy, Nitg, Luu huynh va Phét pho c6 kha
nang hap phu rat tét trén bé mat kim loai [4, 5].

Céac chat uc ché doc hai nhu Cr(Vl), mudi nitrit
(Ca(NO,), and NaNOQO,) da bi loai bdo do & nhiém moi
trudng, thay vao do6, ngudi ta dang nd luc phat trién cac
chat tc ché mdi, hiéu qua va than thién véi méi trudng [6,
71. Cac chat tc ché nay thudng dugc goi la "Chat tic ché
than thién véi moi truong" hodc "Chat tc ché xanh'".

Cac chat tic ché ché an mon xanh nanocarrier dua trén
cac hat nano oxit (SiOy, Fe;0s, Zn0O) va chat tc ché cerium
nitrat da dugc cong b6 [8-11]. K&t qua thuc nghiém tur thi
nghiém ca hoc, thit nghiém phun mugéi va phan tich Phé
tré khang dién hoéa (EIS) cho thdy cac nanocarrier SiO,
chita Ce**; Fe,0; chiia Ce3, ZnO chiia Ce®t hoat dong nhu
cac hat nano gia cudng cho cac tinh chat co va chat tang
cudng hiéu suat chéng an mon clia mang epoxy.

Cac hop chat hitu co chidia cac nguyén t di loai nhu
nito, luu huynh, phét pho va oxy nhé co cac lién két doi
hoac vong thom trong cau tric héa hoc clia ching nén
ching hap phu rat tot trén bé mat kim loai [12]. Chung
phan Ung vaéi cac ion Fe?* mai sinh trén bé mat thép, tao
thanh phic chat dc ché kim loai [13]. Axit 3,5-
dinitrobenzoic (3,5-DNBA) c6 thé dugc st dung lam chat
Uic ché an mon hitu co cho thép (trong moi trudng axit:
HCl hodc H,SO4) bang cach hap phu Ién bé mit, tao ra
mot I6p bao vé trong moi trudng axit. La mot chat tic ché
an mon, axit 3,5-dinitrobenzoic hoat dong nhu moét chat
Uc ché hén hop, thudng lam gidm ca su hoa tan anot va
su khir catot bang cach tao ra mét I6p bao vé trén bé mat
kim loai. Ngugi ta bao cdo rang mac du ban than 3,5-
DNBA c6 kha nang ch6ng an mon, nhung cac dan xuat
cta né (chdng han nhu nhiing chat dugc téng hap bang
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cach st dung cac nguyén t luu huynh, nito va oxy)
thudng cho thdy hiéu qua tic ché cao hon.

Két qua thi nghiém d6 bén mu mudi cho thay cac
hat nano silica mang chat tc ché axit 3,5-dinitrobenzoic
c6 kha nang nang cao hiéu qua chéng an mon ctia mang
nhua epoxy E44 [14]. Trong nghién cdu nay, son I6t
epoxy chéng ri chita cac hat nanocarrier silica mang chat
Uc ché xanh axit 3,5-dinitrobenzoic da dugc ché tao
thanh céng. Kha nang ch6ng an mon cda I6p pha dugc
danh gia théng qua phuang phép phan tich phé téng
tra dién héa (EIS) va th nghiém phun mu mudi nham
xac dinh hiéu qua bao vé va dé bén cta I6p pha trong
moi trudng an mon.

2. THUC NGHIEM
2.1. Nguyén liéu va héa chat

B&t nano SiO; (d6 tinh khiét 99,8%, kich thudc hat
~12nm, dién tich bé mat 175 - 225m?%/g) dugc mua tu
Sigma-Aldrich. Axit 3,5-dinitrobenzoic (DNBA) (d6 tinh
khiét 99,8%) dugc mua tir Acros. Dung dich nhua epoxy
D.E.RTM 671-X75 (Dow), vi ham lugng chat khéng bay
haoi la 74 - 76% trong lugng, chia 9 - 10% trong lugng
nhom epoxide. Chat déng ran polyamid EPIKURE 3125
(Hexion) c6 gia tri amin la 330 - 360mgKOH/g. Dung méi
toluen va xylen dugc mua tu Sigma-Aldrich.

2.2. Chuan bi phu gia nanocarrier SiO,-DNBA

Cho 8g b6t nano SiO,, 2g DNBA va 100ml toluen vao
binh ba cd dung tich 150ml. H6n hgp dugc dung siéu am
& nhiét d6 phong (< 20°C) dé dam bao cac hat nano SiO,
va DNBA dugc phan tan déng déu trong dung méi. Sau
dé, hén hop dugc dun ndng dén 90°C bang bé cat trong
1 gi& déng thai khudy déu véi téc do 120 vong/phuat dé
DNBA hoa tan va hap phu lén cac hat nano SiO,. Sau khi
lam ngudi hén hgp dén nhiét d6 phong (< 20°C), san
pham rén dugc loc va sdy khé & 120°C trong 12 gi& dé thu
dugc cac hat nanocarrier SiO,-DNBA. Cac mau kho dugc
bdo quan trong binh hat dm.

2.3. Chuan bi cdc mau son epoxy chéngri chita cac phu
gia nanocarrier SiO.-DNBA

Ty lé thanh phan cac mau san |6t epoxy chéng ri chira
phu gia nanocarrier SiO,-DNBA trinh bay trén bang 1.
Ham lugng phu gia nanocarrier SiO,-DNBA s{f dung la:
2,5%; Ham lugng boét mau oxit sat dé st dung la 50%
(tinh theo khéi lugng nhua rédn cta nhua epoxy va chat
déng ran. Toluen va xylen dugc st dung dé giam do
nhdt cda son va dé thu dugc cac mau son c6 ham lugng
phan ran la khoang 65%. Chat dong ran polyamid
Epicure 3125 dugc trén véi nhua epoxy der 671-X75
theo ty I& 35/100 [14].
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Bang 1. Ty 1& cac thanh phén trong cdc cong thiic son 16t epoxy chdng ri
(ham lugng phan ran 65%)

EP/Fe;0;-Si0,- EP/Fe,0;
m Héa chat DNBA
PKL % PKL | %
1 | Nhua Epoxy DER 671X75 (75%) 100 | 41,09 | 100 |41,82
2 | Chdt dongran polyamid Epicure 3125 | 35 | 14,38 | 35 | 14,63
3 [Xylen 25,31 | 10,40 | 24,57 | 10,27
4 |Toluen 2531 | 10,40 | 24,57 | 10,27
5 [Nanocarrier Si0,-DNBA 2,75 | 1,13 0 0
6 |Botmau oxit sdt do Fe,0; 55 226 | 5 | 23

Ghi chi: PKL: Phdn khdi lugng
Cac mau son |6t c6 bot mau oxit sat doé va hat
nanocarrier SiO,-DNBA dugc chuén bi nhu sau:

a) Nghién hén hgp base bot mau: cho bét oxit sat
mau nau dd, 1/2 lugng nhua epoxy va dung mdi xylen va
toluen can dung vao thung may nghién va tién hanh
nghién trong 24 gid dé thu hén hop base bot mau oxit st
dd (Cac mau son 16t khéng co bot oxit sat mau nau do
khong phai tién hanh céng doan nay);

b) Phan tan cac hat nanocarrier SiO,-DNBA trong
dung dich nhya epoxy: dau tién d6 1/2 lugng dung moi
xylen va toluen con lai vao thung may khudy, tiép theo
cho thém cac hat nanocarrier SiO,-DNBA va khudy & van
téc tur 100 - 200 vong/phut trong 10 - 20 phut. Sau dé cho
1/2 lugng nhua epoxy con lai vao, nang téc d6 khuady 1én
1200 - 1500 vong/phut va duy tri & van toc nay trong
30 - 90 phut dé thu dugc hén hop cac hat nanocarrier
SiO,-DNBA phan tan déng diéu trong dung dich nhya
epoxy (Cac mau san 16t khong chira cac hat nanocarrier
SiO,-DNBA khoéng phai tién hanh cong doan nay).

¢) Khuay trén hon hgp base bdt mau véi dung dich
nhua epoxy chia cac hat nanocarrier SiO,-DNBA: cho hon
hap base bot oxit sdt mau nau doé thu dugc & budc b vao
va duy tri khudy & téc dé nay trong 60 phut thu dugc hon
hgp thanh phan A.

d) Khudy tron chat dong ran polyamid Epicure 3125 véi
thanh phan A: cho chat déng ran polyamid Epicure 3125
vao thanh phan A va khudy & van téc tu 100 - 200
vong/phut trong 5 - 10 phit ngay trudc khi ché tao I6p pha.

Cac mang son nghién ctu dugc tao mang bang cach
phun (ap luc khéng khi 3 - 5atm) trén bé mat cac vat liéu
nén (tdm kinh thay tinh, Teflon, tdm thép CTs,...) tuy theo
céc tiéu chudn clia phuang phap phan tich, thi nghiém
hay nghién ctu. Mau dugc dé khé tu nhién trong 7 ngay
trudc khi tha nghiém. Lép son kho cé do day trung binh
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khoang 25 + 2um. Hinh 1 la anh chup cac tam mau son
nghién cuu.

EP/Fe,05-Si0,-DNBA
® &

Hinh 1. Hinh dnh cac tim mau son khdng chia (EP/Fe;05) va chia 2,5%
nanocarrier Si0,-DNBA(EP/Fe,05-Si0,-DNBA)

2.4. Phuong phép phan tich va danh gia
2.4.1. Nghién ciu hinh thdi va quang phé

Hinh thai clia cac hat nano SiO, va nanocarrier SiO»-
DNBA dugc phan tich trén thiét bi kinh hién vi dién ti
truyén qua (HR-TEM) - JEM 2100 (JEOL, Nhat Ban). Kinh
hién vi dién ti quét phat xa trudng (FE-SEM, S 4800,
Hitachi, Nhat Ban) dugc st dung dé nghién ctu hinh thai
clia mau mang son lét epoxy chéng ri.

Phan tich UV-Vis dugc thuc hién trén may quang phé
GBC CINTRA 40 (Uc-Hoa Ky), dé xac dinh dé hap thu cta
axit 3,5-dinitrobenzoic trén chat mang nano SiO,.

2.4.2. Nghién ciru phan hay nhiét

Ham lugng cua axit 3,5-dinitrobenzoic trong mau
nanocarrier SiO,-DNBA dugc xac dinh bang phuong phap
phan hay nhiét (TGA) trén thiét bi phan tich nhiét (TGA,
model TG209F1, NETZSCH, Duc), & téc do gia nhiét
10°C/phut trong méi trudng khéng khi, tur nhiét dé
phong dén 900°C.

2.4.3. Thirnghiém dé bén co hoc

Cac th nghiém d6 bén co hoc ctia mang son: Kha
nang chong va dap dugc danh gia bang thiét bi Erichsen
304 (Duc) (tiéu chudn 1SO 6272). D6 cliing tuong doi dugc
danh gia bang dung cu do d6 ciing con lac (Erichsen,
model 299/300, Durc) (tiéu chudn ISO 1522:2006). Kha
nang chéng mai mon dugc thi nghiém theo phuong
phap thi nghiém d6 bén mai mon cét rai (tiéu chuén
ASTM D968). D6 bam dinh cross-cut clia mang san dugc
xac dinh bang dung cu Elcometer Cross Hatch Cutter
(Anh) (tiéu chudn ISO 2409:2013). T4t ca cac thi nghiém
dugc do lap lai 3 lan.
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2.4.4. Thirnghiém dé bén mi mudi

Thi nghiém dé bén mu mudi mang son trong thiét bi
Q-FOG CCT 600 (tiéu chuan JIS H 8502:1999). Bd pH cua
dung dich: 6,5 + 7,2; Nong d6 dung dich NaCl phun 5%;
Ap suat phun 1,0atm; & nhiét d6 35 + 37°C; T6c d6 phun:
2mL/gio/80cm?,

2.4.5. Phan tich phé téng tré dién héa

Cac mau mang son phan tich dugc ngam trong dung
dich NaCl 3,5%. Phan tich phé tng tré dién hda (EIS) dugc
thuc hién tai thai diém sau 2 gid va sau 30 ngay ngam bang
thiét bi Biologic (Model VSP-300, Phép). Cau hinh ba dién
cuc da dugc st dung véi dién cuc lam viéc (thép pht son),
dién cuc tham chiéu (dién cuc calomel bao hoa, SCE) va
dién cuc daéi (dién cuc bach kim). Cac phép do EIS dugc
thuc hién bang cach phan cuc thép phi & +10mV xung
quanh dién thé mach hg (OCP) véi tan s6 dao dong tu
100kHz dén 10mHz (5 diém trén méi thap phan).
3. KET QUA VA THAO LUAN
3.1. Phan tich cac dac trung ciua hat nanocarier
SiO-DNBA

3

Y N
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Hinh 2. Ph8 UV-Vis cla cic hat nano Si0, va cdc hat nanocarrirer
Si0,-DNBA (a), gidn d6 TGA cla nano-Si0, va cac hat nanocarrirer Si0,-DNBA
(b) va hinh anh phan tich TEM ctia hat nano Si0, (c1) va cac hat nanocarrirer
Si0,-DNBA (2)

Két quéd phan tich UV-Vis, TGA va TEM cla cac hat
nanocarrier SiO,-DNBA dugc trinh bay trén hinh 1. Cac hat
nano SiO, (khédng c6 DNBA) cling dugc phan tich dé
tham chiéu.

Nhu c6 thé thay trén hinh nay, SiO, nguyén chat
khéng c6 su hap thu dac trung trong khoang 200 -
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400nm. Tuy nhién, phé ctia cac hat nanocarier SiO,-DNBA
cho thay mot dinh hap thu gilra 280 - 320nm, dac trung
cho cdc nhém NO; clia axit 3,5-dinitrobenzoic. Pay la
minh ching sy hién dién cla axit 3,5-dinitrobenzoic
trong mau. Do d6 c6 thé khdng dinh rang cac hat nano
SiO, hdp thu DNBA da dugc diéu ché thanh cong.

K&t qua phan tich TGA cho thay, c6 su giam khoi luong
dang ké trong khodng 200 - 900°C déi véi cac hat
nanocarrier SiO,-DNBA, téng luogng gidm khéi lugng la
20,39% trong khi chi giam khoi lugng nhe (1,68%) & cac
hat nano SiO,. Su gidm khdi lugng nay c6 thé la do su bay
hai cia hai am trong mau, su khit hydroxyl cia cdc nhom
OH trén bé mat cac hat nano SiO, va su thang hoa va phan
hay nhiét cia DNBA.

Anh phan tich TEM cho thdy hau nhu khéng quan sat
thay su khac biét 16n gilra cac nano SiO, ban dau
nanocarrier SiO,-DNBA. Diéu nay c6 thé do axit 3,5-
dinitrobenzoic hap phu rat t6t trén cac hat nano SiO,.
3.2. Phan tich hinh thai cau triic mang son

Anh phan tich FE-SEEM ctia mang son |6t epoxy chéng
ri khong chua (EP/Fe,0s) va chia 2,5% nanocarrier
SiO,-DNBA(EP/Fe,05-SiO,-DNBA) trinh bay trén hinh 3. Tu
hinh nay cho thay cac mang son EP/Fe,0; va EP/Fe,0s-
SiO,-DNBA déu cé cau tric kha dong nhat. Diéu nay cho
thay cac hat nanocarrier SiO,-DNBA phan tan t6t trong
mang son.

EP/Fe,0,

EP/Fe,0,-Si0,-DNBA

"' 10.0um [ IMS-NKL 5.0kV 5.1mm x5.00k SE(M) 0.0

Hinh 3. Anh phan tich FESEEM clia son 16t epoxy chéng ri khdng chifa
(EP/Fe,05) va chifa 2,5% nanocarrier Si0,-DNBA(EP/Fe,05-5i0,-DNBA) (Do
phdng dai = 5000 lan)
3.3. Thir nghiém d6 bén co hoc

Két qua thir nghiém mot sé tinh chat co hoc clia son
|6t epoxy chéng ri c6 va khéng c6 2,5% phu gia Uc ché an
mon nanocarrier SiO.-DNBA dugc trinh bay trén bang 2.

Tu bang 2 cho thdy, véi su c6 mdt cla cac hat
nanocarrier SiO,-DNBA, céc tinh chat co cla mang son
dugc cai thién rd rét, cu thé dé cling tuang doi, dé bén
mai mon va dé bén va dap cla mang son tang tu 0,71,
125,8L/mil va 170Kg.cm 1én 0,75, 131,3L/mil va 175Kg.cm.
Diéu nay dugc giai thich nho vai tro chat don nano gia
cudng clia nano-SiO; [8].
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Bang 2. Mt s6 tinh chét co hoc clia mang son 16t epoxy chdng ri khong ¢6
(EP/Fe;05) va ¢4 2,5% phu gia tic ché &n mon nanocarrier Si0,-DNBA(EP/Fe,0;-
Si0,-DNBA)

T Tinh chat EP/Fe,0; |EP/Fe;0s-S5i0,-DNBA
1 | Do bdm dinh (diém) 0 0

2 | DO cling tuong doi 0,71+0,04 0,75 +0,04

3 | DO bén mai mon cat roi, L/mil | 1258 +4 131,3+4

4 | Do bénva dap, Kg.cm 170 +4 175+4

3.4. Thir nghiém kha nang bao vé chéng an mon
3.4.1. Phén tich phé téng tré dién héa

EP/Fe,0, EP/Fe,0,-Si0,-DNBA
5E+08 SE+08
Sau 2 gio Sau 2 gio
4.E+408 4.E+408
P I
£ £
0 3E+08 0 3E+08
G G
s 2E+08 s 2E+08 .
5 "t & n "R,
[
[ [} [
LEH0S | m LE+08 | m L
] '\
0.E+400 0.E+400
0.E+00 1E+08 2E+08 3E+08 4E+08 SE+08 0.E+00 1E+08 2E+08 3.E+08 4.E+08 5.E+08
7' (Q.cm?) 7' (Q.cm?)
2.5E407 1.50E+08
Sau 30 ngay Sau 30 ngay
_ 20E407 _ 12SE08
& &
£ £ 1008408
. 1.5E+07 .
< G 7508407
3. L0E+07 N
N ~N
) " 5.00E+07 gooaog
o
5.0E+06 la[=]ala] 2.50E+07
ul Du,:m noo
0.0E+00 0.00E+00
0.0E400 10E+07 2.0E407 0.00E+00  S.00E+07 ~ 1.00E+08  1.50E+08
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Hinh 4. Ph EIS cia mang son |6t epoxy chdng ri khdng chia (EP/Fe,03) va
chifa 2,5% nanocarrier Si0,-DNBA(EP/Fe,05-5i0,-DNBA) sau 2 gid va 30 ngay
ngam trong dung dich mudi

Hinh 4 trinh bay két qua phan tich EIS clia cac mang
son 16t epoxy khong chira (EP/Fe;0s) va chia 2,5% chat
Uc ché an mon nanocarrier SiO,-DNBA (EP/Fe;0s-SiO,-
DNBA) sau 2 gi¢ va 30 ngay ngam trong dung dich mugi.
TU hinh nay cho thdy sau 2 gi& ngam, phé tré khang cla
mang son |6t epoxy khong cé chat dc ché an mon
nanocarrier SiO,-DNBA (EP/Fe;0s) van chua hinh thanh
hoan toan vong cung dién dung dau tién. Diéu nay cho
thay déi vai mang epoxy khéng co chét tic ché, dung dich
dién phan van chua tham qua I6p pha dén bé mat thép.
Tuy nhién, phé tr& khang cia mang san 16t epoxy chua
2,5% chat (ric ché dn mon nanocarrier SiO,-DNBA da hinh
thanh vong cung dau tién. Sau 30 ngay ngam, trg khang
clia mang son EP/Fe;05 c6 xu hudng gidm manh va dan
dan hinh thanh ban nguyét thit hai. Vong ban nguyét thi
hai & tan s6 thap nay la dac trung cla cac qua trinh an
mon xay ra tai giao dién kim loai trong khi tré khang cta
mang son EP/Fe,0;-5i0,-DNBA chi gidm nhe va chua hinh
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thanh ban nguyét thi hai. Diéu nay cho thdy mang son
chta chat tc ché nanocarrier SiO>-DNBA c6 kha nang tu
phuc héi, do d6 tang cudng dang ké kha niang bao vé
ch6ng an mon cho thép carbon.

3.4.2. Thirnghiém dé bén mi muéi

Hinh 5 la hinh anh cac mau mang son khéng chua
(EP/Fe;05) va chita 2,5% chat tc ché an mon nanocarrier
SiO,-DNBA  (EP/Fe;0s3-SiO,-DNBA) sau 30 ngay tha
nghiém.

EP/Fe,0;

EP/Fe,0,-Si0,-DNBA

Hinh 5. Anh chup c&c mau son I6t epoxy chéng i khong chia (EP/Fe;0;)
va chia 2,5% nanocarrier Si0,-DNBA(EP/Fe;,0;-5i0,-DNBA) sau 30 ngay thi
nghiém mu mudi

Tu hinh 5 cho thay su khac biét r6 rét mic d6 an mon
clia cdc mau mang son. Nhu c6 thé thdy cac vét ri sét lan
rong va Ién han nhiéu & bé mat mau mang son khéng cé
hat nanocarrier SiO,-DNBA, trai ngugc hoan toan véi bé
mat clla cdc mau mang son co chia 2,5% chat c ché an
mon nanocarrier SiO,-DNBA, Vét ri sét tai vét khac hau
nhu khéng phat trién lan rong va ¢ xu hudng dugc lam
day. Nhu vay viéc b6 sung 2,5% chat tc ché dan mon
nanocarier SiO,-DNBA lam tang mat dé cuia I6p pht va cai
thién kha nang ngan chan su khuéch tan ctia cac ion CI-.
Hon na, I6p phi thé hién khd nang tu chia lanh, vi cac
chat tc ché nanocarrier SiO,-DNBA tao diéu kién thuén lgi
dé hinh thanh mét 16p thu dong 6n dinh tai cac vi tri
khuyét tat. Do d6, mang son 16t epoxy chira 2,5% chat tic
ché nanocarier SiO,-DNBA van c6 kha nang bao vé chéng
an mon tét sau 30 ngay (720 gid) thi nghiém phun muéi.
4, KET LUAN

Trong cong trinh nay, Son 16t epoxy chéng ri than
thién méi trudng dua trén cac hat nanocarrier SiO,-DNBA
da dugc dugc ché tao thanh céng va danh gia cac tinh
chat ca ly va kha nang bao vé chéng an mon thép cac
bon. K&t qua phan tich UV-vis va TGA da khang dinh cac

Tap 62 - S5 6A (6/2026)



P-ISSN 1859-3585 | E-ISSN 2615-9619 | https://jst-haui.vn

SCIENCE - TECHNOLOGY

hat nano SiO, hdp phu axit 3,5-dinitrobenzoic
(nanocarrier SiO,-DNBA) & ty 1é SiO.:DNBA = 4:1 da duoc
ché tao thanh cong. Cac thr nghiém dé bén co cho thay
su hién dién cla cac hat nanocarrier SiO,-DNBA, nhg vai
tro chat dén nano gia cudng clia nano-SiO,, lam tang d6
cling tuong déi, 6 bén mai mon va d6 bén va dap cua
mang son |6t epoxy tu 0,71, 125,8L/mil va 170Kg.cm lén
0,75, 131,3L/mil va 175Kg.cm. Phé téng trd dién hoa (EIS)
clla mang san sau 2 giG va 30 ngay ngam trong dung dich
5% NaCL chi ra rang viéc thém cac hat nanocarrier SiO»-
DNBA vao mang son 16t epoxy lam tang dién tr& phan cuc
bang cach giai phdng chat Uc ché axit 3,5-dinitrobenzoic
tur chat mang nano SiO,. Thir nghiém trong moi trudng
phun mudi cho thay nanocarrier SiO,-DNBA khong chi
tang cudng hiéu qua chan cuta I&p phd epoxy ma con Uic
ché, ngdn chan cac vét ri sét lan rong ra xung quanh va Ui
ché& an mon thép trong thai gian tiép xuc [én dén 30 ngay.

LOI CAMON

Cong trinh nay dugc hoan thanh tir két qua nghién
ctu thudc dé tai NCKH&CN cap Bd GD&DT - Ma s6: B2024-
MDA-02.
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