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SUMMARY

DECELOPMENT OF NANOCOMPOSITE BASED ON CONDUCTING POLYMER
COMBINED NANO SILICA APPLIED IN CORROSION PROTECTION COATING
FOR CARBON STEEL

Over the past few decades, nanotechnology has made great breakthroughs for a variety of applications
including applications in corrosion protection coatings for materials. In this study, we present a simple
technique to synthesize nanocomposite based on polypyrrole and nano-additive SiO2. A corrosion
inhibitor of sodium dodecyl sulfate (DoS) added to the composite to improve corrosion resistance
performance of the material. Spherical nanopatrticles of SiO; with sizes in the range 250-500 nm were
obtained by in stitu method. The presence of the dodecyl sulfate anion did not change the morphology
of the synthesized composite. The electrochemical properties of these materials show that the presence
of the SiO,-PPy-DoS composite improved the protect ability for cacbon steel.

Keywords: Silica-polypyrrole nanocompozite (SiO./PPy), silica-polypyrrole-dodecyl sulfate (SiO2/PPy-

DoS), epoxy coating.

1. MO PAU

Vit liéu nanocompozit ¢6 rat nhiéu tmg dung
trong cac linh vuc khac nhau trong do c6 bao
vé chéng an mon kim loai. C6 nhidu phuong
phép bao vé chdngin mon, nhung phuong
phap don gian, gia thanh ré va dé thi cong la str
dung 16p pht bao vé hiru co. Cromat la
pigment &c ché dn mon c6 hiéu qua cao trong
I6p phu hitu co, tuy nhién cromat c6 ddc tinh
cao, gay ung thu, vi vay cac nha nghién ctru da
tim kiém cac vat liéu c6 kha ning bao vé
chdng an mon ma khong doc hai dé thay thé n6
[1-3].

Kha ning ¢ ché an mon va bao vé kim loai
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ctia cac polyme din ciing nhan duoc su quan
tdm cua cac nha nghién cuu véi vai tro 1a phu
gia rc ché an mon trong 16p phi hitu co. Hai
loai polyme dan phé bién dugc st dung rong
rdi trong bao vé chong an mon cho sat/thép 1a
polypyrrol (PPy) va polyanilin (PANi) [4, 5].
So vé6i PANI, PPy dan dién tot trong ca moi
trudng axit cling nhu méi truong trung tinh, do
do co kha nang (ng dung rong réi trong cac
linh vuc khac nhau nhu thiét bi luu trit ning
lwong, cam bién sinh hoc, vat liéu quang dién,
I6p phu chéng dn mon [6]. Ngoai ra so voi
polyanilin, viéc téng hop mang PPy trén nén
kim loai it kho khan hon nho pyrol ¢6 thé oxy



hoa thap va PPy c6 kha ning 6n dinh tét hon
[7]. Chinh vi vay, PPy da va dang dugc nghién
ctu rong rdi cho nhirng wng dung trong l6p
phu bao vé chdng dn mon.

Tuy nhién, PPy c6 kha ning phan tan thap,
chinh vi vy viéc két hop véi cac phu gia nano,
tao nanocompozit dugc quan tdm nghién cau.
Hat nano silica (SiO2) ¢6 dién tich bé mat l6n,
dé phan an, st dung nano silica con gilp
nanocompozit c6 kha ning chju dugc va dap;
d6 gian no cao; kha ning cach am tt; tinh chiu
ma sat - mai mon; do nén, do udn déo va do
kéo dirt cao; ting kha nang chéng an mon [8-
10].

Ngoai ra, khi xuat hién an mon, PPy c6 kha
nang trao ddi anion, chinh vi vay cac ion ddi
pha tap trong polyme ciing déng vai trd quyét
dinh téi kha ning bao vé chéng an mon. Anion
véi kich thuéc nho, do linh d6 cao, s& dé dang
duoc giai phong khoi mang polyme. Trong khi
anion véi kich thuée 16n hon, c6 thé 1am giam
d6 dai cau lién két, dan toi ting d6 dan va kha
nang hoa tan [11-14].

Trong bai bédo nay, nanocompozit
silica/polypyrol (SiO2/PPy) va silica/polypyrol-
dodecyl sulfate (SiO./PPy-DoS) dwoc téng hop
bang phwong phap tong hop tai chd in situ.
Tinh chét dic trung cua céc vat liéu SiO,, PPy
va nanocompozit di dugc phan tich bang
phuong phap FT-IR, SEM va EDX.

2. THUC NGHIEM VA CAC PHUONG
PHAP NGHIEN CUU

2.1. Thiét bi, vat tw

Céc dung cu thiét bj s dung trong nghién ciru
bao gom: bo sinh han, buret, pipet, coc thay
tinh, binh non, binh dinh mirc, ng dong, dng
hat, qua bdp, cén phan tich (46 chinh xac 0.1
mg), may khudy tir gia nhiét, may li tam, ta
sdy, may do pH, gidy pH, may tao mang son ly
tam, va mau thép (10x5x0,2 cm) (thanh phan
chura 0,35% C; 0,65% Mn; 0,25% Si; 0,035%
P va 98,715% Fe).

Céc thiét bi str dung dé phan tich cac tinh chat
dic trung cua vat liéu bao gdbm: thiét bi do FT-
IR (Nicolet 1S10), thiét bi phan tich hinh thai
hoc bé mat SEM (Hitachi S-4800), thiét bi xac
dinh ham luwong cta céc nguyén td trong
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nanocompozit (Oxford 51-ADD0007) va thiét
bi nghién ctru céc tinh chét dién hoa (Biologic
V/SP-300, Phap).

2.2. Hoa chat

Pyrrole (Merck, 97 %), tetraethyl orthosilicate
(TEOS, 98 %, Han Qudc), axit clohydric (HCI,
36.5 %), st (I11) clorua (FeCls.6H.0, 98 %),
natri dodecyl sulfate (Ci2H2sNaO4S, 99%),
axeton (C3HgO, 99.5 %) va metanol (CH4O,
99.5 %) 1a cac hoa chit tinh khiét cuia hing
Xilong, Trung Qudc; Epoxy bisphenol A
(Epotec YD011-X75) va Polyamide (307D-60)
la hoéa chit tinh khiét cua hing Kukdo
Chemical Co., Han Quéc.

2.3. Téng hep nano silica

Chuan bi méi truong dung dich c6 pH=1 bing
HCI dic va nuéc cat. Nho tir tir dung dich
TEOS vao dung dich HCI ¢6 pH=1, khudy lién
tuc bang may khuay tir trong 24 gid ¢ nhiét do
phong. Dung dich sau d6 dugc gia nhiét 80°C
trong 24 gio. Gel duoc loc, rira bang nudc cat
dén pH = 7. Tiép tuc siy chan khong & 80°C
dén khi thu duoc silica & dang tinh thé. Nghién
tinh thé silica thanh bdt min, thu duoc silica
dang nano.

2.4. Téng hep nanocompozit silica/polypyrol
Nanocompozit silica-polypyrol (SiO2/Ppy)
dugc tong hop theo so dd dan trén hinh 2.1.
Dau tién 5 mmol SiO; duoc phan tan trong 40
ml nudc; sir dung séng siéu am trong 30 phat.
1 mmol pyrol dugc phén tan trong 20 ml H,0,
sau d6 duoc thém tir tir vao hdn hop chua silica
& trén; khudy véi toc do 400 vong/phdt trong 1
gio. Tiép tuc nho dung dich chwa 0,05 mol
FeCl3.6H.O dugc hoa tan trong 40 ml H0;
khudy véi tde do 400 vong/phut trong 24 gio
thu dwgc hdn hgp c6 mau den. Hon hop thu
duge dem loc Iy két tua va tiép tuc loc rira két
tia bang nuwéc cit 5 lan va hdn hop
metanol/axeton 1 lan dé loai bo cac chit du
hozc san pham phu sau phan ng. San pham
duogc sdy & nhiét d6 80°C trong 24 gid; nghién
bang cdi mA ndo; ta thu duoc nanocompozit
silica-polypyrol dang bot min mau den.

2.5. Téng hop nanocompozit
silica/polypyrol/dodecyl sulfate
Nanocompozit silica-polypyrol/dodecyl sulfate



(SiO./Ppy-DoS) duoc tong hop twong tuw nhu
dbi véi nanocompozit SiO2/PPy theo so d6 dan
trén hinh 2.2.

5 mmol Si0,

40 ml H,0

[ 0,05 mol FeCly ] [ 40 ml H,0 ]

Khudy tir 1 gio

| Nho giot

Khudy tir 24 gior

Hinh 2.1. So' d6 tong hop nanocompozit
silica/polypyrrol

5 mmol S0, 40 ml H,0
1 mmol Pyrol 20 ml H,0 [ ] »
& Siéu am 30 phit Natri dodecyl sulfate
NaCy;H,S0, (DoS)
z 0,05 mol FeCly
Khudy tir 1 gio 2
| Nho giot |
Khudly tir 24 giér

Hinh 2.2. So' d6 tong hop nanocompozit
silica/polypyrrol/dodecyl sulfate

2.6. Ché tao lép phia epoxy
Trong nghién ciru nay, nanocompozit trén co
6 nano silica da dugc thém vao 16p phu epoxy
dé nghién ctru kha nang bao vé, chng dn mon
cho nén thép cacbon CT3 co kich thudc
15x10x0,2 cm. Thanh phan cua thép CT3 nhu
sau: C (0,35%), Mn (0,65%), Si (0,25%), P
(0,035%) va Fe (98,715%).
Mau thép CT3 dugc lam sach dau m& bang xa
phong, rira sach bang nuéc cat, etanol; say kho,
danh s ki hiéu bang dung cu danh sé chuyén
dung. Loai bo ri st trén mau thép bang may
mai, danh béng va 1a phing bing gidy giap c6
d6 min (600, 800 va 1200), rira sach bang nuéc
ct; s dung danh siéu 4m trong 10 phit. Sau
d6 cac miu thép duoc rira lai bang cdn tuyét
dbi va dé kho & nhiét d6 phong.
Phan tan bdt nanocompozit SiO2/PPy va
SiO./Ppy-DoS (5 %) vao epoxy vai dung moi
xylen bang khudy tir. Mang epoxy chira
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nanocompozit SiO./PPy va SiO./Ppy-DoS
duoc phu 18n mau thép bang may Spincoating
V6i toe dd 1000 vong/phut dé mang kho o nhiét
do phong trong 24 gio. Chiéu day mang sau
khi khd khoang 25 + 2 um (do bang may
Minitest 600 Erichen).

2.7. Cac phwong phap phan tich

Céac nhom chuc dédc trung trong phan t cia
SiOy, PPy, SiO,/PPy and SiO»/Ppy-DoS duoc
phan tich bang phuong phap FTIR sir dung ki
thuat ép vién trén thiét bi Nicolet IS10 trong
khoang sé song 400-4000 cm'™. Hinh théai hoc
bé mit cua SiO./PPy va SiO./Ppy-DoS
nanocompozit dugc quan sat trén thiét bi SEM
Hitachi S-4800. Phwong phap EDX duoc sir
dung dé xac dinh ham luong ciia cac nguyén t6
trong nanocompozit trén thiét bi Oxford (51-
ADDO0007). Py bam dinh cua mang voi nén
dugc do theo tiéu chuin ASTM D4541 sir
dung PosiTest Pull-Off (DeFelsko). Két qua do
bam dinh Ia gi4 tri trung binh caa 5 lan do.

Kha ning bao vé, chéng dn mon cua mang
epoxy chara SiO2/PPy hoac SiO,/Ppy-DoS cho
nén thép CT3 khi chung dugc ngam trong dung
dich NaCl 3% dugc danh gia thong qua gia tri
dién thé mach ho (open circuit potential - Eocp)
va phuong phap tong tré dién hoa
(electrochemical impedance spectroscopy -
EIS). Mot hé dién hba chia 3 dién cuc: dién
cyc lam viéc 1a tam thép CT3 dugc pha epoxy
véi dién tich 1am viéc 10 cm?; dién cuc ddi Pt
va dién cuc so sanh calomel bdo hoa (SCE).
Do tbng tro dugc thuc hién trong khoang tan
s6 100 kHz-0,01 Hz tir Eocp Vi tin hiéu dién
thé hinh sin = 10 mV.

3. KET QUA VA THAO LUAN

3.1. Pic trung caa vat ligéu

Hinh 3.1 thé hién phd FTIR cua SiO PPy,
SiO,/PPy va SiO,/PPy-DoS téng hop duoc. Cac
pic dic trung cho cac nhom chire trong silica xuat
hién rd trén phd IR. Pic rong ¢ viing 3200-3800
cm? twong ung vé&i dao dong hda tri ciia nhdém —
OH va nuéc trong mau. Pic tai 1648 cm™ dic
trung cho dao dong bién dang cua H0. Pic hap
phu manh tai 1080 cm™ va 464 cm™ dic trung
cho dao dong bat ddi ximg va dao dong bién
dang cua lién két Si-O-Si. Pic tai 957 cm! va 787
cm dic trung cho dao dong héa tri ddi xung Si-
OH cua nanosilica [15, 16].
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Hinh 3.1. Phé hong ngogi cia SiO; (a), PPy
(b), SiO2/PPy (c) va SiO»/PPy/DoS (d)

Déi véi PPy, trong ving dao dong tir 3700 —
2800 cm tap trung dao dong hoa tri cia cac
nhém N-H, C-H thom va —OH, phé tu la do anh
huéng ciia nudc ¢6 trong mau va xuit hién & phd
cua tat ca cAc mau. Trong ving dao dong tir 1800
— 1500 cm?, tap trung céc dao dong héa tri cua
lién két d6i C=C thom va dao dong bién dang cua
nhém N-H. Cac pic tuong ddi manh va co su
chdng chéo tai tan sb 1530 cm™. Dao dong héa tri
cua nhom C-N tai 1450 cm™ va 1405 cmt, nhdm
=C-H tai 1050 cm™, phi hop véi cac cong bd
khoa hoc khac. Ving dao dong dugi 1000 cmr?,
¢6 nhiéu phé véi cudng do trung binh, d6 1 ving
dic trung cho dao dong bién dang ciia C-H cua
vong pyrol. Ngoai ra con thé hién dao dong cia
C-H thom ¢6 2H lién ké [17-21].

Trén phé IR cua nanocompozit SiO2/PPy déu
quan sat thiy cac pic dic trung cho SiO
(~471, 794 va 1080 cm?) va PPy (~1530,

1450, 1405 va 1050 cm™). Cac pic dic trung
déu c6 su dich chuyén nhe. Diéu nay co thé
dugc giai thich do cation *NH2 hinh thanh
trong chudi PPy boi sy proton hoa va su hinh
thanh lién két giira PPy va silica thong qua lién
két -OH. Két qua nay cho thay PPy da hap phu
1én bé mat silica [17].

D6i véi compozit chira anion dodecylsulfat,
pic tai 1527 cm™ dic trung cho lién két C-C va
tai 1435 cm? dic trung cho lién két C-N.
Ngoai ra, lién két S=0O va Si-O-Si dugc Xac
dinh lan luot tai s6 séng 1170 va 1080 cmL,
Trong natri dodecylsulfat tinh khiét, pic dic
trung cho lién két S=O dugc xac dinh tai 1176
cm't, su dich chuyén nhe cua lién két nay trong
phén tir compozit dugc giai thich dya trén sy
lien két cua PPy va anion dodecyl sulfat.

Hinh thai hoc cua SiO,, PPy, SiO./PPy va
Si0,/PPy-DoS dugc chi ra trén hinh 3.2. Anh
SEM trén hinh 3.2a cho thdy nanosilica c6
dang hinh ciu, kich thuéc hat kha ddng déu,
khoang 100-150 nm va céac hat c6 su c6 co
cum nhe. PPy tong hop dugc c6 dang hinh tim
(hinh  3.2b). Nanocompozit SiO./PPy va
SiO,/PPy-D0S téng hop dwoc déu cé hinh
dang cau tuong ty nhu hinh sang cua silica.
Tuy nhién, dwong kinh cua cac hat
nanocompozit déu lén hon so véi hat nano
silica. Diéu nay c6 thé dugc giai thich do phan
tr monome pyrol hap phu trén bé mit silica bi
polyme héa dudi su c6 mat cua tac nhén oxi
hoéa FeCls, lam ting kich thudc hat.

Hmh 3 2. Anh SEM cua SIOz (a), PPy (b), S|02/PPy (c) va SIOz/PPy DosS (d)
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3.2. Kha ning bio vé chong in mon cho
thép cacbon

Dién thé mach hé

Hinh 3.3 thé hién su bién d6i dién thé mach ha
theo thoi gian cuta thép cacbon phu mang
epoxy khong chira va chira 10% nancompozit
SiOy/PPy va SiO,/PPy-DoS theo thoi gian
ngdm trong dung dich NaCl 3%.

DP6i v6i miau thép cacbon dwoc pha mang
epoxy, tai thoi diém ban dau, gia tri dién thé
dat -0,4 Vsce. Két qua nay cho thiy kha ning
bao vé che chin tét cua mang. Tuy nhién, gia
tri dién thé giam dan theo thoi gian vé phia am,
diéu nay duogc giai thich do su khuéch tan cua
ion clorua qua mang, tan céng vao bé mat thép.
Sau 36 gid ngam, gia tri dién thé giam con -
0,651 Vsce.

0.1

0.0

0.1 \

A
o
)

~—

[Ty
(&7
@ 03 (&)
a T
w .04
(b)
0.5
-0.6 (@)
-0.7

0 10 20
Thei gian (gior)

Hinh 3.3. Sw bién @éi dién thé mach hé theo
thoi gian cua thép cacbon phi mang epoxy (a),
SiOy/PPy-Epoxy (b) va SiO./PPy-DoS-Epoxy
(c) trong dung dich NaCl 3%

Gia tri dién thé mach ho ciia mang SiO2/PPy-
Epoxy va SiOy/PPy-DoS-Epoxy ¢ moi thoi
diém ngam déu dwong hon so véi mang epoxy.
pién thé mach hg ciia mang SiO./PPy-DoS-
Epoxy c6 cung xu hudng thiang giang nhe
trong qua trinh ngdm. Sau 2 dén 5 gio> ngam
dau tién, gia tri dién thé giam manh do sy tan
cong cua ion xam thyc, lam suy giam kha niang
bao vé che chin cua l6p phi. Sau do, dién thé
duoc duy tri gan nhu khong ddi, dién thé van
nam trong ving thy dong. Khi cac ion nhu
clorua tan cong vao nén thép, gay in mon, PPy
bi oxi héa, cung cap dién tich, hinh thanh mang
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bao vé lap kin cac khuyét tat, bao vé cho nén
thép. Pong thoi cac anion dbi dugc giai phong,
hinh thanh phac véi ion sit tao 16p bao vé kép
cho nén. Két qua cho thiy 16p pha c6 tac dung
che chén t6t va han ché su di chuyén cua tac
nhan dn mon vao nén thép. Sau do6, thé cua
thép phu chira SiO2/PPy-DosS tiép tuc giam tGi
gia tri -0,29 Vsce sau 36 gio ngam. Két qua
nay cho thay sy c6 mit caa anion ddi DoS lam
tang kha ning bao vé chdng an mon cho nén
thép. Co ché bao vé nén thép cua vat liéu mang
epoxy chaa SiO./PPy-Epoxy va SiO,/PPy-
DoS-Epoxy di dugc dé xuit va thé hién trén
hinh 3.4 va 3.5.
2Fe(OH), + 0, —» 2Fe,0,

2H,0 + 0, 40H

SiO,/PPy-Epoxy
Fe** Fe®
‘ =
PPy~ *15 PPy I I PPy $=5 PPy

L
o/

Hinh 3.4. Co ché bdo vé thép ciia mang
SiO,/PPy-Epoxy da dugc dé xuat

4
Thép

Si0,-PPy-DoS + CI- — Si0,-PPy-Cl + DoS-
Fe¥ + 3DoS- — Fe(DoS),

2Fe(OH), + 0, — 2Fe,0,

2H,0 + 0,— 40H

Thp

Hinh 3.5. Co' ché hao vé thép ciia mang

SiO,/PPy-D0S-Epoxy di dugc dé xuit
Téng tré dién héa
Gian d6 Bode cia thép dugc pha mang epoxy
va epoxy chaa 10% SiO2/Ppy va SiO./Ppy-
DoS ngam trong dung dich NaCl 3% sau 2 gi¢
dugc thé hién trong hinh 3.6. Trong ving tan
s6 thap tir 0,01Hz dén 1Hz, gi tri tong tré cua
mau thép dugc phi bai SiO2/Ppy-epoxy cé gia



tri cao hon khoang 8 lan so véi thép chi dugc
pha mang epoxy. Tai tan s6 100 mHz, gia tri
t6ng tro cua SiO./Ppy-DoS-epoxy dat 1,51x107
Q.cm? cao hon nhiéu so v&i mau SiO./Ppy-
epoxy (2,28x10° Q.cm?). Tong tré tai ving tan
s6 nay dic trung cho qua trinh dn mon tai mat
phan céch caa I6p pha va nén thép, gia tri tong
tro cao khang dinh su c6 mit cua anion dbi cai
thién kha nang bao vé cua I6p phu epoxy ddi
véi thép trong dung dich NaCl 3%. Ngoai ra,
tir tan s6 khoang 10Hz, duong tong tré cua cac
mau SiO,/Ppy-DoS-epoxy c6 dang duong
tuyén tinh, khing dinh kha ning che chin tot
cua lép pha.
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Hinh 3.6. Gidn dé tong tré dién hoa dang Bode
cua vdt ligu mang epoxy cé va khong chia
nanocompozit sau 2 gio ngam

4. KET LUAN

Pa tong hop thanh céng nanocompozit
SiO,/PPy va SiO,/PPy-DoS. Céc két qua phan
tich didc trung tinh chat khing dinh sy c6 mat
ctia anion d6i DoS trong phan tir nanocompozit
SiO,/PPy. Bong thoi phan tich kinh hién vi
dién tr quét cho thay anion ddi khdng lam anh
huéng téi hinh  thai
SiO,/PPy. Két qua do dién hoa cho thay anion

cia nanocompozit

d6i DoS di cai thién dang ké kha niang bao vé
chéng an mon cho thép cacbon cua I6p phu
epoxy, mé ra trién vong ung dung trong 16p
pha epoxy bao vé chéng an mon cho cac ciu
kién thép.

Loi cdm on

Nghién ctru nay duogc thuc hién véi su hd tro
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kinh phi tir VAST (M4 s: TDVLTT.01/21-23)
va dé tai Khoa hoc va Cong nghé truong Dai
hoc Giao théng van tai, ma s: T2020-CB—
008.
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