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This paper presents the problem of enhancing the protective effect of
CT3 steel surface in tropical climates by coatings containing
polyaniline/SiO, (PANi/SiO,). Polymer PANI/SiO, was synthesized by
chemical polymerization in an acidic environment with a molar
concentration of 1M and a strong oxidizing agent, then mixed into
epoxy paint and applied to CT3 steel surface to perform anticorrosion
test. We found that when SiO, was added to polyaniline polymer
(PANI) and mixed with epoxy, the mechanical strength and corrosion
resistance were significantly improved compared to paints containing
only PANi polymer. In the test ratios, paint with component ratio
PANI/SiO, = 1/1 gave the best results in terms of adhesion of 2.2 MPa,
impact strength of 15 kg.cm, stable film surface after 3 months of
natural testing in a humid tropical climate.
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Bai béo trinh bay vé van dé tang cudng hiéu qua bao vé bé mat thép
CT3 trong mdi trudong khi hau nhiét déi bang 16p son pha co chia
polyaniline/SiO, (PANI/SiO,). Polymer PANI/SiO, dwoc tong hop bing
phuong phap tring hop hoa hoc trong méi truong acid véi nong d6 mol
IM va chét oxi hoa manh, sau d6 pha trén vao son epoxy roi thi cong
1én bé mat thép CT3 dé tién hanh cac thir nghiém chéng dn mon. Ching
t6i nhan thay rang khi b sung SiO, vao polymer Polyaniline (PANi) rdi
pha tron véi epoxy, do bén co li va kha nang chong an mon cai thién rd
rét so véi son c6 thanh phan chi chira I6p mang PANi dong chat. Trong
cac ti 1& thr nghiém, son vai ti 1& thanh phan PANI/SiO, = 1/1 cho két
qué t6t nhat vé d6 bam dinh 2,2 MPa, d bén va dap 15 kg.cm, bé mat
mang son 6n dinh sau 3 thang thir nghiém ty nhién trong diéu kién khi
hau am nhiét doi.
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1. Gigi thigu

An mon kim loai 12 sy pha huy bé mat kim loai va hop kim khi tiép xac v6i méi truong xung
quanh hoic chju tac dong cua cac tac nhan co hoc khac theo thoi gian, bién doi tinh chat vat 1i va
hoa hoc cua kim loai, tir &6 khién cho kim loai gion va dé gy, gay bét lgi anh hudng dén tudi tho
cua kim loai, vat liéu, gdy hu hong cho cac may moc, cong cy, anh hudng téi kha nang va qua
trinh hoat dong. An mon kim loai dién ra do sy tiép xuc cia kim loai véi cac tac nhan c6 trong
moi truong xung quanh, oxi hoa kim loai thanh ion kim loai dwong. Qua trinh &n mon xay ra ¢ tat
ca cac moi trudong lam viée dién hinh cta kim loai nhu méi truong khi quyen va moi truong bién,
do d6, thyuc té 1a khong thé ngin chin qua trinh dn mon. Tuy nhién, téc d6 dn mon co thé duoc
kiém soat hiéu qua bang cach ap dung céac k¥ thuat khac nhau nhu bao vé andt va bao vé catdt, st
dung chét wc ché dn mon, st dung 16p che phu bé mat. Mot trong nhimg phuong phap don gian,
hiéu qua va tiét kiém nhat dé bao vé kim loai khoi bi dn mon 1a son 16p son phu bao vé chdng an
mon 1én bé mat vat liéu. Mot I6p son phu béo vé chéng an mon t6t can phai dam bao cac dic tinh
nhu tinh tro vé mat hoa hoc, khong xay ra phan ung voi cac chat co trong mdi truong xung
quanh, téc d6 an mon cham hon kim loai can bao V¢, cac ddc tinh co i nhu do bén, d6 cing cao,
I6p son bao vé phai du day, kin khit va bam dinh t6t vao bé mat kim loai can bao vé nhiam cung
cAp mot hang rao bao vé hiéu qua bang cach ngan chin sy tuong tac cta cac chat dong vai trd oxi
hoéa c6 trong moi truong nhu ion NO, khi SO, ion clorua va kim loai [1], [2].

Céc Polymer dan dién 1a nhiing Polymer dugc nghién ctru rong rai vi dé tong hop, doc tinh
thap, d6 bam dinh 1én bé mat vat lidu tot va thé hién tinh chat Gc ché dn mon. PANi 1a mét dai
dién caa nhom Polymer dan dién, tuy bat dau xuat hién tir nhitng nam 80 cua thé ki trude, nhung
Vi cac uu diém nhu tinh tro vé mat hoa hoc, kha niang dan dién tét, d& dang két hop véi nhiéu
loai phu gia khac nhau va gia thanh ré, PANi van nhan duoc Sy quan tim nghién ctru va ang
dung trong nhiéu linh vuc khac nhau nhu ché tao pin dién hoa, san xuat siéu tu dién, ché tao cam
bién cac chat khi bay hoi, loai bo cac kim loai ning gay ngé doc trong nudc [3] — [7]. Trong linh
vuc bao vé chéng an mon, PANi duoc téng hop bang phuong phap dién hoa trén nén thép [8] cho
thiy kha niang chong an mon trong méi trudng thir nghiém 1a dung dich mudi. Ngoai ra PANi khi
dugc phdi tron chung véi cac loai son [9], [10] ciing cho thay kha ning chéng an mon tét hon
trong suét qua trinh thir nghiém.

Dé cai thién kha nang chdng dn mon, dic tinh co 1y va do bén cia son ¢ chira PANI, cac nha
khoa hoc bo sung thém mot thanh phan 1a vat liéu két hop trong nén Polymer. Cac chat niy c6
kich thudc micro hodc nano dwgc phan tan dong nhat, dong vai tro quan trong trong viéc nang
cao tinh chit co 1y vi hinh dang va kich thudc cua ching anh huéng dén cac tinh chat cua
polymer. Vi cau triic rd xop cua lép mang PANI, V.Tsakova dé xuat phuong an dé cai thién tinh
chat bao vé cua 16p mang bang cach bd sung hat c6 kich thudc nanometer vao cac khe hd nham
muc dich ting do chat khit cia cu trac PANI, giam murc d6 15i 16m, tir d6 ting cuong tinh chat
bao vé cua polymer nay [11]. Trong bai bao nay, nhom tac gia lya chon SiO, lam hat nano giup
tang cudng tinh chat bao vé ciia PANI vi hat nano nay cé cac dic trung phii hgp véi myc tiéu cua
nhom tac gia nhu cing, bén, d& dang phan tan trong cu tric polymer giup ting cuong hiéu qua
Cua polymer do.

2. Poi twgng va phwong phap nghién ciru
2.1. Nguyén vt liéu

- Aniline nguyén chat, d6 tinh khiét 99,5% (Merck, Buc).

- Si0, dang tinh thé, do tinh khiét 99,5% (Merck, Dtc).

- Keo epoxy E44, san xuét tir Bisphenol A (Ever Green Chemicals, Trung Qudc).

- Chat dong ran amin T31 (Ever Green Chemicals, Trung Qudc).
- Mau thép CT3 kich thudc 100 x 50 x 1 mm dugc chuan bi bé mat theo 1ISO 8407-2009.
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- Ammonium persulfate, dang tinh thé, do tinh khiét 98,5% (Sichuan Energy Technology,
Trung Quéc)

- Acid hydrochlorlc nong do6 31% (Sichuan Energy Technology, Trung Quéc)

- Son A Pong Metakyd Primer L, bé day mang son tiéu chuan 35 um (A Poéng, Viét Nam)

- Son Hai Véan HE 702, bé day mang son tiéu chuan 50 um (Hai Vén, Viét Nam)

2.2. Tong hop mdu son

PANi dugc tong hop bang phuong phap tring hop hoa hoc véi chat oxy héa Ammonium
persulfate (APS) trong méi truong acid theo cac budc sau:

- Dung dich A - hoa tan Acid Hydrochloric (HCI) vao nuéc cit cho dén khi dat dwoc dung
dich c¢6 ndng d6 1 M, khudy déu, lay ra 120 ml dung dich, sau d6 thém 3,6 ml Aniline vao dung
dich trén, khudy déu trong 60 phiit.

- Dung dich B — hoa tan 10 g APS vao 40 ml dung dich HCI 1 M, khuiy déu trong 15 phut
cho dén khi tan hoan toan.

- PO tir tir dung dich B vao dung dich A, khudy déu trong 180 phiit, tao thanh hdn hop keo
mau xanh rdi & hdn hop nguoi ty nhién & nhiét do phong.

PANI/SiO, duoc tong hop theo phuong phap tuong tu néu trén, tuy nhién trong dung dich A,
sau khi b6 sung aniline, nhom tac gia thém SiO, vdi ti & cho trude vao dung dich, sau d6 khudy
déu. Nhém tac gia ché tao 4 mau PANI/SiO, theo céc ti 1¢ dwoc mé ta trong bang 1.

Quy trinh tong hop PANI/SIO, duoc thé hién trong hinh 1.

Han hop sau khi tdng hop duoc rira loc bang nuée cat nhiéu 1an cho dén khi pH dat dugc 14 7,
sau d6 pha tron vao epoxy véi ti 18 PANi (hoic PANI/SIO,) : epoxy : chat dong rdn =2 : 3 : 1 rdi
phti 1én bé mat mau thép bang co quét, dé kho trong 24 gio & nhiét do phong.

Dung dich A

HCI 1M
3.6 ml aniline
S10,

Khuay déu

] trong 180 phut
Dung dich B

HCI 1M
10g APS

Hinh 1. So' d6 quy trinh ché tao PANI/SIO,
Bang 1. Thanh phan ti 1¢ PANi/SiO, trong dung dich A

Ki hi¢u miu Aniline (ml) Silic dioxide (g)
PS1 3,6 2,4
PS2 3,6 1,2
PS3 3,6 4,8
PS4 3,6 0

Nhom tac gia Chuéln bi thém 2 mau son di ching:
- MAu PS5 — Son A Pong Metakyd Primer L.
- Mau PS6 — Son Hai Van HE 702.
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2.3. Phwong phdp nghién ciru

Xac dinh loai lién két bang phd hong ngoai (FTIR) tai Truong Dai hoc Cong nghiép Thanh
phd HO Chi Minh.

Khao sat chiéu day mang son theo TCVN 9406:2012, str dung thiét bi do PosiTector 6000
XUt xa M.

Phuong phap xac dinh d6 bam dinh Pull off theo tiéu chuan ATSM D4541, sir dung may do
do bam dinh PosiTest AT-A cua brc.

Phuong phap x4c dinh d6 bén va dap mang son theo TCVN 2100-2:2013, sir dung thiét bj
Erichsen Model 304 ISO Il cua buc.

Céc thiét bi trén thudc quan li ciia Phong Do bén Nhiét d6i, Chi nhanh Ven Bién, Trung tim
Nhiét d6i Viét Nga.

Thir nghiém trong méi truong mu mudi theo tiéu chuan ASTM B117 — 18 tai Phong thir
nghiém Vién Do bén Nhiét d6i, Trung tam Nhiét déi Viét Nga.

Thtr nghiém trong moi truong khi hau ty nhién theo TCVN 8785 tai Tram Nghién ctu Thir
nghiém bién, Chi nhanh Ven Bién, Trung tim Nhiét d¢i Viét Nga, tram dimg chén tai vinh Dam
Bay, thanh phd Nha Trang, Khanh Hoa .

3. Két qua va ban luan

Phé hong ngoai duoc dung dé x4c dinh cac tinh chat dic trung cua PANi don chit va hdn hop
PANI/SiO, ma nhom tac gia tong hop.

3.1. Khdo sdt pho hong ngoai
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Hinh 2. Phé hong ngogi ciia a) PANi don chdt, b) PS1, ¢) PS2, d) SiO, tinh khiét

Hinh 2 cho thay phé hong ngoai cua mau SiO,, PANi va PANI/SiO, véi céc ti 1¢ SiO, khac
nhau ma nhom tac gia diéu Ché Phé cua PANi don chét (hinh 2a) cho thiy kha nang hap thu & s6
song 1589 cm va 1568 cm™, day 1a hap thu do lién két (C-N) va (C= C), trong khi dinh hap thy
tai 1305 cm™ 1a dic trung cho lién két (C-C) trong vong benzene, dinh hap thu tap trung ving s6
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song 1109 cm™ 1a dic trung cho lién két (C-H). Déi véi phd hong ngoai cua SiO, tinh khiét (hinh
2d), c¢6 thé nhan thay dinh hap thy caa phd nay nam tai ving xung quanh sé séng 815 cm™ va 503
cm™, day la dic trung cua lién két (Si-O-Si).

Pho hong ngoai cua hop chat PANI/SIO, (hinh 2b, 2c) thé hién cac dinh dic trung cia cua ca
PANi va SiO,. Vi du, dinh hap thy tai 1589 cm™, 1305 cm™ va 1109 cm™ 1a dic trung ctia PANi,
chi xuét hién & d6 thi phd cia PANi don chat va PANi/SiO,, trong khi dinh hap thuy tai 503 cm™
la dic trung cua lién két (Si-O-Si) nén chi xuat hién & d6 thi ciia SiO, va PANi/SiO,. Ngoai ra,
phd ciia PANI/SIO, c6 thém dinh hip thy tai tan s6 3741 cm™, day l1a ddc trung cia lién két
(SiOH), phan tir SiO, da lién két véi nguyén tir H trong PAN.

3.2. Khdo sdt dp bam dinh mang son

Chuan bi dung dich son nhu phan 2.2 dd néu ¢ trén, tién hanh thi cong 16p son phu 1én bé mat
mau thép bang chdi quét son. Bé day 16p phii duoc do sau khi 16p son kho, mang son da 6n dinh,
két qua do dugc trinh bay trong bang 2. Theo két qua khao sat, mau PS1 ¢ bé day trung binh 16n
nhét, bé day cac mau xap xi 115 pm.

Bang 2. Két qua khdo sdt tinh chdt co Ii mang son

Ki hiéu PS1 PS2 PS3 PS4 PS5 PS6
Chiéu day (um) 130,0  106,0  116,0 120,0 75,4 49,4
Do bam dinh (MPa) 2,2 1,8 2,16 1,45 0,93 2,69
Do bén va dap (kg.cm) 15 15 15 15 10 15

Do bam dinh mang son cia cac mau Xép Xi 2 MPa, diéu do6 cho théy mau son c6 su bam dinh
t6t voi 16p nén thép. So sanh véi 2 mau son ddi ching, c6 thé thiy do bam dinh cia cac mau son
¢6 chtra thanh phan PANI/SIO, tét hon mau son Metakyd Primer L nhung kém hon mau HE 702
20%. Trong cac mau son, mau 1 véi ti 1& s6 mol thanh phan PANI/SiO, 14 1:1 ¢6 d6 bam dinh
mang son 16n nhét - 2,2MPa, ching to rang giira 16p son PANi/SiO, va bé mat thép da tao ra lién
két. So sanh 16p son trong thanh phan chi c6 PANi véi 16p son trong thanh phan c6 PANi/SiO,,
nhan thay rang 16p son chita PANI/SIO, c6 d6 bam dinh cao hon 30%. Viéc bd sung thém SiO,
gitip 14p day cac khoang tréng trong ciu trac ciia PANI, giup ting cudng tinh chat co 1i cua 16p
son nay.

3.3. Xdc dinh dp bén va dip mang son

Khao sat do bén va dap mang son duoc tién hanh theo _phuong phap phep thur tai trong roi,
mili 4n c6 dién tich nho, két qua khao sat cho thay cac mau son thir nghiém c6 d6 bén va dap
tuong duong nhau va tuong duong vai l6p son ddi ching, két qua thir nghiém 1a 15 kg.cm.

3.4. Thiz nghiém trong méi trudong mit mudi

Hinh 3 thé hién két qua sau 240 gio thir nghiém gia toc mu mudi cta cac mau (a) PS1, (b)
PS2, (c) PS3, (d) PS4, (e) PS5, (f) PS6.

Trén bé mat mau xuat hién cac vét gi sét vang ¢ cac ranh cua bé mat I6p son phu, or cdc mau
dbi chung Vét gi sét xuét hién thanh timg cum trén ving dugc son phi. Trong cic miu son thir
nghiém do nhom tac gia ché tao, mau PS4 chi chira PANI xuat hién vét gi sét thanh rinh, trong
khi mau PS1 méi chi bat dau bi an mon, vét gi sét khé nhan biét bing mit thuong.

3.5. Thaz nghiém trong méi truwong khi hdgu nhiét doi

Hinh 4 thé hién cic miu sau 03 thang thir nghiém khi hau ty nhién. Cac miu dugc dit theo
thir tu: hinh 4a — PS4, PS3, PS2, PS1; hinh 4b — PS6, PS5.
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(a) (b) (c)
(d) (e) ()

Hinh 3. Két qua thee nghiém mit mudi, cdc hinh twong g véi mau sau
(a) PS1, (b) PS2, (c) PS3, (d) PS4, (e) PS5, (f) PS6
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4

Hinh 4a. Mdu son thir nghiém, cdc mau theo thit tu tir trdi qua phai PS4, PS3, PS2, PS1
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Hinh 4b. Mdu son doi chitng, cdc mau theo thit ty tir trdi sang phai PS6, PS5

Tir hinh anh sau thir nghiém cho thiy, mau PS4 bi troc 1 phan son tao thanh ranh, cac mau
khac 16p mang son 6n dinh, khong xuat hién dau hiéu bi an mon. Mau PS4 1a mau son chi chira
PANi thé hién tinh chat co 1i thip hon so v6i cac mau son khac. Sau thoi gian thir nghiém 3
thang, mau PS4 bi troc 1 phan bé mit son, tao vét mau nau trén bé mat.

4. Két luan

Nghién ciru trinh bay két qua ché tao thir nghiém mau son phu c¢6 chira thanh phan PANI/SIO,
g dung 1am 16p phu bao vé cho thép CT3. Trong nghién ciru nay, nhém tac gia da tong hop
thanh cong hop chat PANi va PANi/SiO, bang phuong phép héa hoc véi chat xtic tic APS trong
mdi trudng acid HCI 1 M. Hat SiO, vai kich thuéc nano bd sung vao mang ludi PANi gitp ting
cuong tinh chat co 1i cia mang son, mau son c¢6 chtra thanh phan ti Ié PANI/SIO, = 1:1, khi phdi
tron voi epoxy theo ti 1¢ PANI/SIO, : keo epoxy : chat déng ran =2 : 3 : 1 dat hiéu qua bao vé
cao nhét trong cac thir nghiém do6 bén co 1i va thir nghiém bao vé chdng an mon trong méi truong
mu mubi, moi trudng khi hau ty nhién.
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