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TOM TAT

Bai bdo ndy trinh bay phwong phdp tong hop vit liéu nanocomposite bio vé chong an mon kim
loai tir Imidazole bién tinh Ce (Ce-Imi) va graphen oxit bién tinh octyl amin (GO-0OA), ky hiéu vat
liéu la Ce-1mi/GO-OA. Hinh théi cdu triic ciia vit li¢u duoc danh gia bdng phwong phép kinh hién
vi dién tir quét phat xa trwong (FE-SEM), pho tan sdc nang heong tia X (EDX), gian do phan tich
nhi¢t (TGA). Kha nang bao vé chéng an mon ciia vt liéu dirge danh gla bangphuongphap duong
cong phan cuc Tafel, pho tong tré dién héa va thir nghiém gia toc mi mudi theo tiéu chudan ASTM
B-117. Hiéu qua bao vé chong an mon kim logi cua vdt liéu Ce-Imi/GO-OA dat 96,4%. Mang phu
epoxy chira Ce-Imi/GO-OA c6 khd nang bdo vé kim logi dén 90 ngay ngam trong dung dich NaCl
3,5%. Két qua nghién civu cho thdy Ce-ImilGO-OA c6 kha nang phan tan tot trong nhya epoxy,
tao lop mang bao vé ngan chan sy xdm nhdp cua moi truong an mon.

Tir khéa: GO; MOF; Ce; An mon.
1. GIOI THIEU

Vit liéu kim loai nhu sit, thép 1a nhom vat liéu dong vai tro quan trong trong hau hét cac nganh
cong nghlep, san xuét, dan dung va ky thuat cong nghé cao. Trong qua trinh st dung, cAu tric va
tinh chat cua vat liéu kim loai bi suy giam nhiéu nguyén nhén chu yéu la do qua trinh an mon. Bao
vé chong n mon kim loai la véan de dang dugc cac quoc gia dac biét quan tam boi thiét hai do an
mon gy ra 1a rat 1én. Udc tinh m01 nam trén thé gi¢ c6 dén 1/5 lugng sat thép san xuat dugc dung
dé thay thé cac bo phan, chi tiét thép bj an mon, chi phi nay 1én den hang ty USD mbi nam [1].
Nudc ta ¢6 bd bién trai dai hon 3.200 km v6i khi hau nhiét d6i nong 4m quanh nam nén toc do an
mon cua cac cong trinh xay ra rat manh. Chinh vi vay, bao vé chong dn mon cho cac vat lidu két
cAu st thép c6 y nghia quan trong trong viéc phat trién nén kinh t& qudc dan va gop phan khong
nho trong viéc bdo v€ moi truong.

Trong s cac phuong phap bao vé chéng an mon kim loai, phuong phép son phii dugc sir dung
rong rii boi ching ¢ kha nang ngan cach kim loai ra khoi méi truong xam thuc bang 16p phii kin
khit, khong tham khi, c6 kha nang bam dinh, bao vé chéng an mon tbt, do bén cao, dé thi cong va
gid thanh ré [2]. Trong nhiing ndm gén day, nhiéu loai chat don nano da dugc sir dung két hop voi
nhya epoxy dé tao ra cac 16p phu bén, c6 kha ning bao vé chng an mon cao. Mot trong nhimg
phu gia dang dugc cac nha khoa hoc quan tdm nghién ctru str dung trong ché tao mang son chdng
an mon la graphen, graphen oxit va cac dan xuat do c6 nhleu tinh chat vu viét nhu do bén kéo dut
va modul dan hoi cao; Graphen c6 d dan dién, dan nhiét tot, co thé gia cuong va thay doi tinh
nang co ly cua epoxy [3].

2-methylimidazole duoc st dung nhu chét trc ché bao vé chéng an mon kim loai. Bién tinh 2-
methylimidazole véi Ce c6 thé tao ra nhing thay ddi tich cuc trong ciu triic mang phi nhu ting
kha ning ngin chin cac chit an mon xam nhap, chong thdm nudc, ting kha ning bam dinh. St
dung két hop graphen oxit bién tinh octyl amin (GO-OA) va Ce bién tinh 2-methylimida-zole (Ce-
Imi) c6 thé mang lai hidu qua chdng dn mon cao do két hop duoc wu diém cua hai thanh phén.
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Bai bao nay trinh bay phuong phép téng hop vat liéu nano composite Ce-Imi/GO-OA st dung
lam phy gia uc ché an mon trong 16p phu epoxy. Kha niang tc ché an mon dugc khao sat bang
phuong phap tong trd dién hoa, dudng cong phéan cyc va thir nghiém mu mudi.

2. THU'C NGHIEM

2.1. Héa chat

- GO-OA 1a sén pham ty tong hop theo quy trinh nhw da cong b6 trude ddy [4]. Ce(NO3)s.6H:0,
2-methylimidazole (CsHsN>), triethylamine (TEA) déu la hoa chat phan tich cua hang Macklin.

- Ethanol, methanol, NaCl d&u 12 hoa chit tinh khiét phan tich ciia Macklin, Trung Quéc. Nhya
epoxy YDO11-X75 cua hang Kukdo, Han Quéc (ham lugng chét ran khong bay hoi la 75%). Chat
dong ran polyamide (G700-X60) cua hang Kukdo, Han Quoc.

- Thép CT3 1a vat liéu kim loai nén dugc dung dé ché tao dién cuc va khao sat qua trinh an mon
trong nghién ctru nay. Bé dién cuc thép va tam thép dugc tién xir Iy bang phuong phap mai bang
gidy mai voi d6 min hat d4 mai ting dan 180, 400, 1000 va 2000.

2.2. Ché tao 16p phii epoxy/Ce-Imi/GO-OA nano composite

Ché tao composite Ce-Imi/GO-OA [5]: Hoa tan 1,6 g 2-methylimidazole trong 100 mL
metanol 0,8 M, thém 4 g GO-OA khuay trong 30 phit dugc dung dich A. Hoa tan mét luong vira
du Ce(NO3)2.6 H20 0,05 M trong 100 mL metanol, khudy trong 30 phat dugce dung dich B. Thém
ting giot dung dich A vao dung dich B, khuay lién tuc hon hop nay & nhiét do phong trong 1 gio
thu duoc hdn hop két tia mau den. Ly tdm hdn hop véi toc do 8500 vong/phut trong 10 phut, rira
két tia 5 1an bang etanol. Sdy & 80 °C thu dugc bt min, mau den 1a Ce-Imi/GO-OA.

Ché tao lop phii: Ce-Imi/GO-OA dugc dua vao nhya epoxy v6i ham lu(mg 2% khbi luong,
dugc nghién trén may nghién bi, thém chat dong ran polyamide va dung moéi voi ty 1€ thich hop.
Mau thép CT3 dugc lam sach dau m& bang dung méi, rira sach bang nudc cat, etanol, siy kho.
Mang phil trén bé mit mau thép CT3 bang phuong phap phun phi, chiéu diy mang phu sau khi
kh6 50 £ 5 um.

2.3. Phwong phap nghién ciru

Pdc tring vat liéu: Hinh thai hoc bé mit vat liéu, thanh phan cac nguyén té duoc danh gia bang
phuong phép hién vi dién tir quét phat xa truong (FE-SEM) va pho tén xa tia X (EDX) trén thiét
bi Hitachi S-4800, Nhat Ban tai Vién Khoa hoc Vat liéu. Tinh chét nhiét va do giam khdi luong
do nhiét ctia cac mau vat liéu dugc phan tich bang phuong phap TGA, khoang nhiét d¢ tir 25 -
900 °C, toc dd nang nhiét 10 °C/phit trén thiét bi phan tich nhiét trong lugng DSC-TGA
NETZSVH TGA 409 PC/PG tai truong Pai hoc Khoa hoc Ty nhién.

Tinh chat bdo vé chong an mon: Kha nang bao vé chbng 3 mon dugc danh gia bang phuong
phap dudng cong phan cuc Tafel, phd tong tré dién hoa va phuong phap thir nghiém mu mudi theo
tiéu chudn ASTM B-117.

3. KET QUA VA THAO LUAN

3.1. Pic trung céu tric
Hinh thai cu trac vat liéu Ce-Imi/GO-OA dugc quan sat b’z:ing kinh hién vi dién tir quét phat
xa truong FE-SEM va kinh hién vi dién tur truyén qua TEM. K&t qua the hién trén hinh 1. Két qua
FE-SEM cho thay vat liéu Ce-Imi/GO-OA 1a dang tam c6 do xOp cao, graphen oxit bién tinh octyl
amin khong bi két tu. Anh FE-SEM khong cho phép phat hién rd rang kich thude ctua nano Ce-Imi
nhung anh TEM véi d6 phong dai 200.000 lan c6 thé nhan thay cac hat nano Ce-Imi c¢6 dang tron,
kich thudc kha nho, khoang 2-3 nm phén tan trén bé mat cta céac 16p vat liéu GO-OA.
~Ph(“) tan sic nang luong tia X (EDX) dugce st dung dé xac dinh thanh phan cac nguyén ‘té trén
mau vat li¢u. Két qua phd EDX (hinh 2) chi ra su ¢6 mat ciia C va O vdi cac pic xuat hién lan luot
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tai 0,27 va 0, 52 keV, su xuét hién ctia N & 0,39 keV va Ce & 4,84: 5,26 keV. Vat liéu composite
Ce-Imi/GO-OA c¢6 thanh phan chi yéu 1a C (~ 77%) va O (~ 16%), N chiém mét luong nho (~

0,4%) do mau c6 octyl amin (C1sH17-NH2) va 2-methylimidazole (CsHeNz), con lai la Ce chiém
khoang 6% kho1 luong. Quan sat két qua pho EDX mapping tong va cua cac nguyén t6 cho thay
cac ngyén to Ce, N, O, C phan bd ddng déu trén bé mit cua vat lidu. Qua trinh tong hop da dua
Ce-Imi 1én trén nén GO-OA.

Hinh 1. Anh FE-SEM véi (4) dg phéng dai 10.000 lan va (B) 50.000 lan
(C) Anh TEM ciia Ce-Imi/GO-OA.

77,2 %kl.

16,1 %okl. 6,3 %kl.

o *
Hinh 2. Phé EDX va gidan do phdn tich nhiét ciia Ce-Imi/GO-OA.

bidc trung nhiét cua vat ligu Ce-Imi/GO-OA dugc phan tich bépg phuong phép nhiét trong
1uo*ng~TGA, mau GO-OA ciing dugc sir dung dé so sanh. Két qua thé hién trén hinh 4 cho thay ca
hai mau vét liéu Ce-Imi/GO-OA va GO-OA c6 do giam khoi lugng tir 70 dén 900 °C duoc du doan
la do qua trinh bay hoi nuéc va phan huy cua vat liéu. Vi vt liéu GO-OA c6 sy gi:élrn khoi lugng
manhltron’g khoang tir 140 dén 250 °C 1a do su phén hiy ctia cac nhom chue trén be mat GO-OA.
Su mat khoi lu’(,mg‘é khoang 250 — 500 ‘jC la 5:10 su phan hiy nhiét ciia nhom octyl amit. Sau 500 °C,
vat liéu GO-OA gan nhu khong thay doi khoi lugng.

Véi vat ligu Ce-Imi/GO-0A, c6 su giam khbi lugng manh bét dﬁg tir 70 dén 250 °C 1a do su
mat hoi nu6e va phén hiy cac nhom chire alkyl tir octyl amin trén bé mat GO-OA va mot phan
dép tur 2-Methyl Imidazole trong vat liéu Ce-Imi. Su khac biét d6 suy giam khoi lugng nay cho
thay sy hinh thanh vit li€u Ce-Imi trén vat liéu GO-OA.

3.2. Kha niing bio vé chdng in mon ciia mang son
Duong cong phin cuc Tafel

Kha ning bao vé chdng an mon thép CT3 dugc nghién ciru bing phuong phap duong cong
phan cuc Tafel trong dung dich NaCl 3,5% chura vt liéu Ce-Imi/GO-OA nong d6 1 g/L. Hinh 3
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trinh bay két qua do dudong cong phan cyc cua dién cyc thép CT3 sau 2 gio ngam trong dung dich
nghién ctru 6 25 °C. Cac thong s6 dién hoa xac dinh bang phuong phap ngoai suy Tafel bao gom
dién thé an mon (Ecorr), mat d0 dong an mon (icorr) dugc trinh bay ¢ bang 2.
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Hinh 3. Puong phdn cuc Tefel khi (a) khéng c6  Hinh 4. Gian dé phén tich nhiét ciia Ce-
mdt va (b) c6 mat Ce-Imi/GO-0A. Imi/GO-0A va GO-OA.
Bing 1. Théng sé dién héa xdc dinh bang ngoai suy dwong phin cuwc dong Tafel.
Vat ligu Ecore (mV) icorr (NA/cm?) Hi¢u qua (%)
Thép CT3 - 626 39,24 -
Celmi/GO-OA - 571 1,41 96,40

Két qua trén hinh 3 cho thay dudng phan cuc Tafel khi c6 mat Ce-Imi/GO-OA (duong b) dich
chuyén mat do dong sang ving thip hon va dién thé an mon dich chuyén vé phia duong hon so
v6i trudng hop khong c6 Ce-Imi/GO-OA (dudng a). Theo tac gia Rigg va cong sy, chat tre ché an
mon duoc chia thanh 3 loai 13 anode, cathode va hon hop [6]. Su chénh léc Ecor do dugc khi co
mit chét trc ché so v6i Ecor do trong dung dich an mon thap hon 85 mV thi chét trc ché thudc nhom
hén hop. Tir két qua trén hinh 4 va bang 2 cho thay chénh 1&ch Ecor= 55 mV, nén c6 thé thay Ce-
Imi/GO-OA la chét tic ché hdn hop.

Két qua ngoai suy Tafel & bang 1 ciing cho thiy khi c6 mat Ce-Imi/GO-OA, mat d6 dong in
mon giam dang ké. Cu thé, dong dn mon trén thép CT3 do trong dung dich NaCl (miu tring) c6
i%or = 39,24 nA/cm?, trong khi ¢ Ce-Imi/GO-OA mat d6 dong dn mon giam di dang ké, icor =
1,41 nA/cm?. Hiéu suét bao vé chéng dn mon ciia Ce-Imi/GO-OA Ia:

0 .
y = i corlr i corr 2 100% 1)
i corr

Vi icorr 1a mat do dong an mon trong dung dich NaCl 3,5% chita Ce-Imi/GO-OA; i°qr 12 mat

d6 dong an mon ctia mau tring.

Tt phuong trinh (1), tinh dugc hiéu qua bao vé cua Ce-Imi/GO-OA véi thép CT3 1a 96,4%.
Két qud pho tong tré

Kha ning bao vé chéng dn mon ciia mang phu Ce-Imi/GO- -OA/epoxy dugc khao sat bang phd
tong tro dién hoa trong dung dich NaCl 3,5% theo thoi gian ngam lan lugt ¢ 7, 30, 60 va 90 ngay.
Mang epoxy thuan ciing dugc sir dung dé ddi chimg.

Hinh 5 trinh bay gian d6 Nyquist va gian d6 Bode ctia mang Ce-Imi/GO-OA/epoxy va mang
epoxy ngam trong dung dich NaCl 3,5% theo thoi gian ¢ 25 °C.

Ket qué gian dd Nyquist cia mang epoxy cho thay sau 7 va 30 ngay ngam mau, mang epoxy
d3 xuét hién hai cung rd rang, cung thir nhit & ving tan s6 cao dic trung cho kha ning ngin cach
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cliia mang, cung thir hai ¢ vang tan s6 thap dic trung cho qua trinh dién hoa xay ra trén bé mit tiép
xuc gitra mang va kim loai nén. Mang epoxy c6 hiéu qua bao vé kém, chi sau 7 ngay dung dich an
mon dd ngim qua 16p mang tiép xuc voi bé mit kim loai, kim loai dé bi &n mon.
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Hinh 5. Gidn d6 Nyquist ciia (4) mang Ce-ImilGO-OA/epoxy, (B) mdng epoxy va (C) gidn do
Bode theo thoi gian ngam trong dung dich NaCl 3,5%.

Pho tong tré' ctia mang Ce-Imi/GO-OA/epoxy c6 dang mot cung tron khép kin sau 7 ngay ngam
trong dung dich NaCl 3,5%. Dung dich di¢n ly chua ngam qua mang phu. Sau 30, 60 va 90 ngay
ngam mau, phd tong trd c6 dang mot ban cung h¢ dac trung cho sy ngam cua dung dich dién ly
vao mang phu. Dung dich dién ly da ngim vao mang pha qua 13 rd hodc khuyét tat nhung chua
ngim dén bé mit kim loai, chua xay ra qua trinh an mon. Hiéu qua bao v¢ cua mang phu Ce-
Imi/GO-OA/epoxy sau 90 ngay ngam trong dung dich NaCl 3,5% van rat tot, tong tro clia mang
dat khoang 6.107 Q.cm? GO bién tinh octyl amin két hop voi Ce-Imi da ting kha ning twong hop
v6i polyme nén, giam kha ning két tu cua GO, lam gia ting d6 chit ché cia mang epoxy vi viy
¢6 thé kéo dai duong khuéch tan cua cac tic nhan dn mon nhu Oz, H,0, CI [8].

Trén gian do Bode theo thoi gian ngdm mau trong dung dich NaCl 3,5% chi xuat hién mot diém
ubn tai ving tan sO cao dic trung cho kha ning ngan cach ciia mang phu. Co thé nhén thay sau 90
ngdy ngam mau, mang phii Ce-Imi/GO-OA/epoxy van c6 kha ning ngan cach tbt, kim loai chua
bi an mon.

OA/Epoxy.

0givr 48 giy 120 gier 216 giy 384 giy

Hinh 6. Anh mdu son epoxy va Ce-ImilGO-OA/epoxy trieée va sau khi thir nghiém mix muoi.
Thir nghiém gia téc mit muéi

Tinh chit bao vé chdng dn mon cia mang son epoxy/Ce-Imi/GO-0OA con dugc danh gia qua
phuong phép thir nghiém gia toc mu mudi. Trén hinh 6 1a hinh anh cua cac mau mang phu trude
va sau khi thir nghiém. Két qua sau 384 gio thir nghiém mu mudi cho thay mang phu epoxy xuat
hién rat nhiéu diém gi, chimg té dung dich dién ly da ngim qua 16p phu va dn mon nén thép. Dbi
v6i mau Ce-lmi/GO-OA/epoxy co xuat hién céac vét gi nhung it hon rat nhiéu S0 Vi mau epoxy.
Mang phii Ce-Imi/GO-OA/epoxy van c6 do bam dinh tt, tuy co phong quanh vét gi nhung khong
bi bong troc nhiéu giong nhu mau epoxy.
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4. KET LUAN

Bai bao trinh bay két qua nghién ciru ché tao va khao sat hinh thai cau tric, kha ning bao vé

chéng an mon cia vat liéu Ce-Imi/GO-OA va mang phu Ce-Imi/GO-OA/epoxy. Vit lidu Ce-
Imi/GO-OA c¢6 kha nang urc ché dn mon, bao vé thép CT3 véi hiéu qua dat 96,4%. Mang phu Ce-
Imi/GO-OA/epoxy cé kha ning bao vé thép CT3 dén 90 ngay trong dung dich NaCl 3,5%. Két
qua nghién ctru cho thay trién vong mg dung mang son Ce-Imi/GO-OA/epoxy trong thuc té.
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ABSTRACT

Synthesis of Ce/graphene oxide modified with octyl amine nanocomposite (Ce-Imi/GO-OA)

for the application of creating protective coatings against metal corrosion

This article presents a method for synthesizing nanocomposite materials that protect
against metal corrosion using a cerium modified 2-methylimidazole and graphene oxide
modified octyl amine (GO-OA), denoted as Ce-Imi/GO-OA. The structural morphology of
the material is evaluated using field emission scanning electron microscopy (FE-SEM),
energy dispersive X-ray spectroscopy (EDX), and thermogravimetric analysis (TGA). The
corrosion protection capability of the material is evaluated using the Tafel curve method,
electrochemical impedance spectroscopy (EIS), and accelerated salt spray testing
according to ASTM B-117 standards. The research results show that Ce-Imi/GO-OA has a
metal protection efficiency of 96.4%. The epoxy coating containing Ce-Imi/GO-OA has the
ability to protect the metal for up to 90 days when immersed in a 3.5% NacCl solution.
Research results show that Ce-Imi/GO-OA has good dispersion ability in epoxy resin,
forming a protective film that prevents the infiltration of corrosive environments.

Keywords: GO; MOF; Ce; Corrosive.
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