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TOM TAT

Polypyrrole (PPy) duwoc tong hop trén thép CT3 bang phwong phdp tring hop dién héa
trong dung dich chita monome pyrrole, natri molybdat trong méi truong axit sucxinic. Trudc do,
bé mdt thép da dwoc thu déng bang phwong phdp dién héa trong sw ¢é mdt ciia anion molybdat.
Phé Raman va IR chi ra rang mang PPy ¢ trang thai oxi héa. P bén nhiét ciia mang PPy duwgc
nghién citu bang phép phan tich nhiét TGA, cho thdy PPy bén nhiét dén hon 480°C. Tinh chdt dién
héa ciia mang PPy dwoc nghién ciu bang cach do thé mach hé OCP, dwong phén cue Tafel va
phép do tong tré. Kha nang chong dan mon thép CT3 ciia mang PPy da duwoc khao sat trong dung
dich NaCl 3%.

Keywords: Polypyrrole, axit sucxinic, polyme dan, chéng an mon, téng tr& dién hoa,
molybdat.
ABSTRACT

Corrosion protection of molybdate doped Polypyrrole film prepared in succinic acid solution
Polypyrrole (PPy) was prepared on the mild steel substrate by electrochemical
polymerisation in the solution containing pyrrole monomer, sodium molybdate and succinic acid.
The mild steel surface could be passivated before and during electropolymerisation by molybdate.
The morphology of the PPy film was studied with SEM. The typical cauliflower structure of PPy
was observed. Raman and IR spectroscopy show that the obtained PPy was in oxidised state. The
thermal stability of PPy was investigated by TGA, showing that PPy was stable at higher than
480°C. The electrochemical property of the PPy film was performed by open circuit potential
(OCP), polarisation curves (I/E), and electrochemical impedance spectroscopy (EIS).The
corrosion behaviour of mild steel (CT3) with PPy film in 3% NaCl solution were studied.
Keywords: Polypyrrole, succinic acid, conducting polymers, corrosion protection,

electrochemical impedance spectroscopy, molybdate.
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1.  Giéi thiéu

Polyme dan thuong duoc ding 1am mang bao vé chdng an mon. Tuy Vdy, co ché bao
vé chéng dn mon cua polyme din van cOn nhiéu tranh luin. Mot sb tic gia cho ring
polyme dan déng vai trd 1am chét trung gian trong viéc van chuyén electron, xic tic cho
qua trinh khir oxi. Trong nhiéu trudng hop, co ché bao vé anot duoc thao luan nhiéu hon.
Nhiéu cong trinh nghién ciru cho thiy polyme dan 1am giam tdc d6 an mon kim loai; tuy
nhién, thoi gian bao vé kim loai ctia polyme dan cOn ngin nén van dé dit ra can phai ting
thoi gian bao vé cia mang polyme dn, dic biét khi xuat hién nhitng khuyét tat trong mang
polyme. Viéc sir dung céc anion pha tap dé ting kha ning bao vé cia mang polyme dan da
dugc biét trong nhitng nghién ciru vé sir dung polyme dén trong viéc bao vé an mon kim
loai. Chét pha tap dugc dua vao mang polyme bang phuong phap dién hda hodc hoa hoc.
Qua trinh giai phong anion pha tap ra khoi mang polyme trong qué trinh khir cia mang lam
cho polyme c6 dic tinh ty stra chita, vi viy polyme dan c6 thé bao vé chd can sira chita khi
can thiét [1]. Anion pha tap c6 mit trong dung dich chira monome pyrrole, axit oxalic va
axit dodecylbenzensulfonic hinh thanh mang phi nhu mong muén trén bé mit hop kim
Cu-Zn hoic chi trén bé mit Zn [2,3]. Két qua 1a, mang polypyrrole (PPy) ting kha ning
chdng an mon cho céc kim loai nay [4,5]. Khi ¢ mit cuia ferrocianat pha tap trong mang,
PPy dé& dang hinh thanh trén bé mit Mg, Zn. Diéu d6 lam ting d6 bam dinh cia mang. Mot
s6 tac gia tao mang polypyrrole trén thép cacbon trong dung dich chira KNOs, K;C,04
hodc Na,SO4. Mang PPy bam dinh trén bé mit thép nhu hinh thanh lién két cong hoa tri
VGi cacbon. [6-10]. Troch-Nagels va cong sy d tong hop mang PPy trong dung dich
Na,SO, trén bé mat thép cacbon ma khdng can xir 1i bé mit thép [11]. Beck va cong su da
lam tang kha nang bao v€ thép cacbon vdi anion pha tap oxalat [12].

Trong bai bio nay, mang PPy duoc tong hop trong dung dich axit sucxinic, c6 mit
cta anion molybdat va dugc nghién ciru tng dung 1am mang phu bao vé chdng ian mon
thép CT3. Kha ning chong an mon caa mang PPy pha tap dwoc nghién ctiru bang cach do
thé mach hg (OCP) theo thoi gian, do duong cong Tafel va do phd tong tré. Khi co mit
anion molybdat, mang polyme c6 d6 bam dinh cao va hinh thanh tryc tiép trén bé mat thép
ma khdng c6 su hoa tan kim loai.

2.  Thwc nghiém
2.1. Vit ligu va hoa chat

Thép CT3 co kich thude 30 mm x 30 mm x 1 mm (san xuét tai Cong ti Gang thép
Thai Nguyén). Bé mit cac miéng thép duoc tdy ddu md bang xa phong, etanol, lam nhin
bang gidy nham (SiC) vdi kich thudc hat 2000, cudi cling rira sach bang nudc cat roi 1am
khd va bao quan trong khong khi.
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Thiét bi dién hoa dugc sir dung trong bai bdo nay 1a may phd tong trd nhin hicu
Zennium (Pirc). Cac thi nghiém nghién ctru vé dién hoéa duoc thuc hién trong binh phan
cuc 3 dién cuc gém:

Dién cyuc 1am viéc 1a tim thép CT3, dién cuc ddi la tim ludi Pt ¢6 dién tich gip doi
dién cuc lam viéc, dién cuc thtr 3 1a dién cuc so sanh (dién cuc Bac). Pién cuc lam viéc ¢
dién tich bé mat khoang 1,2cm? Dung dich phan cuc c6 thanh phan nhu trinh bay trong

Bang 1.
Bdng 1. Thanh phan ciia dung dich phin cuc
Ki hiéu mau AXit Sucxinic Na;MoQ, Pyrrole
PPy-Su 0,15 M - 01M
PPy-Su-Mo 0,15M 0,02 M 0,1M

Dé thy dong bé mit thép CT3, cac mau duoc dp mot thé khong doi 0,5V trong dung
dich Na;M0O4 0,1M. Thoi gian thy dong 40 phat sau d6 rira sach bang nudc cat va bao
quan trong khi quyén nito. Mang PPy duoc hinh thanh trén nén thép CT3 bang phuong
phép phan cyc dong tinh trong thdi gian 60 phut. Sau khi tong hop, mang PPy dugc rira
nhiéu 1an bang nudc ct hai lan sau do sdy kho trong chan khong & 50°C.

2.2. Cdac phwong phdp nghién ciru

Hinh th&i cdu trac mang PPy duoc xic dinh bang chup hién vi dién tir quét SEM
(SEM- Hitachi-4800 - Nhat Ban). Pho tan xa to hgp Raman (Renishaw Invia - Anh) & budc
s6ng 613 nm, ning lugng chim tia laze ImW. Phé hong ngoai IR (IR Prestige — 21, hing
Shimadzu (Nhat Ban)). Thanh phan, ham luong céc chat trong mau duoc phan tich bang
phuong phap tan xa tia X theo nang luong EDX (Hitachi S4800 - Nhat Ban). Do bén nhiét
cta cac mau dugc danh gia trén thiét bi DTG-60H caa hing Shimadzu (Nhat Ban) véi toc
do gia nhiét 5°C/phat. Tinh chit dién hoa va bao vé an mon cua mang PPy dugc danh gia
bang may phd tong trd Zennium (Zaehner, Dic).

3.  Két qua va thao luin
3.1. Téng hop mang PPy

Pé thu duoc mang PPy c6 d6 bam dinh t6t, méng, min va bong, bé mit thép CT3
dugc thu dong bang phuong phép thé tinh Epnan oee = 0,5 V/AQCI [13]. Thoi gian thy dong
cho mdi méu thi nghiém khoang 60 phat. Puong biéu dién sy thay doi dong theo thoi gian
trong qué trinh thu dong (Hinh 1).
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Hinh 1. Puwong thu dong thép CT3 trong dung dich Na;M00O4 0,1M
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Pudng biéu dién sy thay dbi thé phan cuc trong qua trinh tong hop mang PPy khi
1=0,9mA/cm? dugc trinh bay trong Hinh 2. Mang PPy téng hop dugc mong, nhin min, mau
den, d6 day déu nhau trén toan bo bé mat. Qua trinh thay doi thé phan cuc trong qua trinh
tong hop mau PPy-Su va PPy-Su-Mo ¢6 su khac nhau. Vi dung dich PPy-Su, polyme hoa
Xay ra v6i dién thé cao hon. Didu ndy c6 thé 1a do phan ung hoa tan sit, thu dong hoa va
polyme hoa PPy xay ra dong thoi. Véi dung dich PPy-Su-Mo , khi ¢6 mit molybdat, bé mat
mau thép dugc thu dong nhanh chéng, thé oxi hda cia PPy xay ra thap hon.
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Hinh 2. Puong phan hoi thé theo thoi gian ciia qud trinh tao mang Ppy

Anh SEM cho thiy bé mit ctia PPy c6 hinh dang hoa sup lo dién hinh (Hinh 3)
[14,15]. Sy c6 mat cua anion molybdat dudng nhu khong anh hudng tdi hinh thai hoc ctia
mang. Hinh 3b cho thdy bé mat thép duoc phu 16p mang thu dong mong, min va bam chic.
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IMS-NKL 5.0kV 4.7mm x2.50k

IMS-NKL 5.0kV 5.1mm x2.50k

(b)

SU3500 0.50kV 5.9mm x2.50k SE

(d)
Hinh 3. Anh SEM ciia thép chua thu déng (a) d4 thu dong (b)
mang PPy duoc tao thanh trong dung dich PPy-Su (c); PPy-Su-Mo (d)

3.2. Phé Raman ciia PPy
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Hinh 4. Phé Raman ciia PPy-Su, PPy-Su-Mo

Hinh 4 trinh bay ph6 Raman ctia mang PPy tong hop trong méi truong axit sucxinic
¢6 va khong c6 pha tap anion molybdat. Pic trung phd Raman ctia PPy xudt hién trong dai
phd 800-1700 cm™. Tur phdé Raman xéc dinh dwoc cac tin hiéu dic trung cua PPy & trang
théi oxi héa trong mau PPy-Su, PPy-Su-Mo. C4c pic ¢ khoang 1569 cm™ tmg vdi tin sb
dao dong hda tri ciia nhom C-C=C- cuiia vOng pyrrol & trang thai oxi hda. Trén phd cia cac
mau xuét hién cac pic & khoang 1365 em™ {mg v6i tan sé dao dong hda tri cia nhoém C-N
va C-C. Tin hiéu dao dong & khoang 1052 cm™ tmg vé6i dao dong bién dang cua lién két -
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N-H [16,17]. Vung tan s6 khoang 966 cm™ tmg voi tin s dao dong bién dang khong
phing ciia vong thom [18].
3.3. Phé hong ngogi IR

Phé hdng ngoai IR ciia mang PPy duoc trinh bay & Hinh 5.
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Hinh 5. Phé hong ngoai ciia PPy-Su (a), PPy-Su-Mo (b)

Quan sat van phé trén 2 mau déu cho thiy céc pic dic trung ung véi cac dao dong
hoa tri cia PPy. Pic ¢ 3438 cm™ dic trung cua lién két N-H trong vong pyrrole. Pic ¢ 2920
cm™ dac trung cho dao dong hda tri cia lién két C-H cua anion sucxinic. Pic & 1640 em™
dic trung cho nhém C=0 trong anion sucxinic; pic & 1558 cm™ dic trung cho lién két C=N
va C=C vong thom; pic & 1376 cm™ dic trung cho lién két N-C. Pic dic trung cho lién két
C-H dao dong khong phing dugc tim thdy & 1022 em™. Phén tich phd IR cho thiy sy c6
mat ctia anion sucxinic trong mang PPy [19, 20].
3.4. Phé phan tich nhi¢t TGA

D6 bén nhiét ciia mang PPy duoc xic dinh bang phuong phap phan tich nhiét khdi
luong. Mang PPy duoc tién hanh phan huy trong diéu kién tir nhiét ¢6 phong dén 600°C va
trong &p suat khong khi vai toc do gia nhiét 5°C/phut. Dé thiy rd qua trinh phan huy nhiét
cua PPy, trong phép phan tich nhiét khbi luong tién hanh do 2 chi tiéu TGA va DTA (hinh
6). DPic diém chung trong qué trinh phan hay ciia cac mau PPy la duong TGA c6 nhiéu
bude chuyén, ching t6 trong mau PPy c6 nhiéu thanh phan khac nhau nhu monome du,
chit pha tap du va san phim ciia phan trng triing hop khong hoan toan olygome.

Sy mat khdi lugng trong khoang nhiét do tir 20-100°C 13 do su bay hoi nuéc c6 mit
trong mau. Sy mat khdi luong trong khoang nhiét o 100-400°C 1a do su phan huy caa cac
olygome va thanh phan pha tap sucxinic c6 trong mau. Nhiét d6 phan hiry ciia PPy nim
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trong khoang 400-600°C. G 600°C, mang PPy ung véi mau PPy-Su phan huy hau nhu
hoan toan, con véi mau PPy-Su-Mo sy phan hiy 1a khéng hoan toan va ¢ nhiét phan hay
cao hon mau PPy-Su. Phan con lai chua bi phan hiiy dwoc quy két 1a do natri molybdat pha
tap vao mang. Quan sat phé DTA c6 dinh chuyén nhiét cyc dai tai 313°C (PPy-Su); 515°C
(PPy-Su-Mo). Diéu nay cho thiy anion molybdat pha tap vao PPy khong chi c¢6 tac dung
thy dong thép ma con l1am ting d6 bén nhiét cuia mang PPy.
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Hinh 6. Phé phdn tich nhiét cia cac mau PPy-Su(a), PPy-Su-Mo(b)

3.5. Thé mach hé OCP theo thoi gian

Sau khi duoc tao thanh trén bé mit thép CT3, mang PPy dugc ngam trong dung dich
NaCl 3% dé xac dinh thé mach hé OCP theo thoi gian. Mau thép tran sau khi thy dong
trong dung dich Na,M0040,1M ciing dugc ngam trong méi trudng an mon NaCl 3% dé so
sanh. Puong OCP ciia cic mau dugc trinh bay trong Hinh 7.

Mic du thép CT3 duoc thy dong trong molybdat nhung van khong cé tic dung bao
vé. Thé mach hé ngay lap tirc dat t6i thé in moOn cua thép -0,645V. Kha ning bao vé chdng
an moOn ciua PPy-Su duoc thé hién trén phé OCP. Sau 40 gid thé OCP méi dat toi thé an
mon cua thép. Vi mau PPy-Su-Mo c6 pha tap anion molybdat thi thoi gian bao vé duoc
tang 1én dang ké. Cu thé thoi gian bao vé 1én téi 136,5 gid (Hinh 7). Biéu nay cho thiy vai
trd thy dong, bao vé chdng an moON ciia anion sucxinat va molybdat pha tap vao PPy.

34



TAP CHi KHOA HOQC - Truwomg PHSP TPHCM Vii Quéc Trung va tgk

0.2+
0.0+

0.1 0.0

-0.2 4

0.3 -0.2 4

PPy-Su-Mo
PPy-Su 0.4

-0.6 _ CT3
-0.6

T T
0 10 20 30 40 T T T T T T T T T

E /V vs. Ag/AgCl Sat. KCI
E /V vs. Ag/AgCl Sat. KCI

€ . T T T T T T
Théi gian (gié) 0 20 40 60 80 100 120 140
Théi gian, gié

Hinh 7. Thé mach hé ciia CT3, PPy-Su, PPy-Su-Mo trong dung dich NaCl 3%
3.6. Do dwong cong phin cuc Tafel
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1E-4 -
NA
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@, PPy-Su
1E-6 cT3
PPy-Su-Mo
T T T T T T T T T T 1
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Hinh 8. Puong phdn cuc Tafel ciia CT3, PPy-Su, PPy-Su-Mo trong dung dich NaCl 3%
Trong Hinh 8, trinh bay dudng phan cuc Tafel. Mau CT3 mic du da thy dong nhung
ciing khong co tac dung bao vé, cu thé thép CT3 trong NaCl 3% c6 mat do dong dn mon
1.29x10® A/cm?, va thé an mon -0.645 V. Chung to chi riéng lop thu dong molybdat thi
hau nhu khong c6 tac dung bao vé chdng an mon.
Béng 2. Bang gid tri thé an mdn va dong dn mon cia CT3, PPy-Su, PPy-Su-Mo
trong dung dich NaCl 3%

CT3 PPy -Su PPy-Su-Mo
l:m10°(A/cm?) 1,29 8 0,536
Eam(V/AQCI) -0,645 -0,26 -0,043
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Tuong ty nhu khi danh gia kha ning bao vé bang OCP. Quan sat dudng Tafel cac
miu PPy-Su, PPy-Su-Mo c6 mat do dong an mon thap (PPy-Su-Mo: 0,536.10°A/cm?) va
thé an mon cao hon thé an mon cua CT3.

3.7. Phé tong tré EIS

Phd tong tré cia mau PPy-Su va PPy-Su-Mo dugc do ¢ tan sb tir 100kHz dén
100mHz trong dung dich NaCl 3% theo thoi gian. Tré cia mang dugc xac dinh ¢ khoang
tan sb thip 1Hz.

1200

1000

T T T T U T T T T T 1
0.1 1 10 100 1000 10000 100000 0.1 1 10 100 1000 10000 100000
frequency / Hz frequency / Hz

(a) (b)
Hinh 9. Phé tong tré ciia PPy-Su (a), PPy-Su-Mo(b) trong NaCl 3%

V6i miu PPy-Su, dién trd ciia mang khi bat dau ngam trong méi truong an mon
khoang 120 €, lGc nay thé mach hd khoang 0,09V (Hinh 9a). Sau 2 gio thé mach ho E =
—0,106V, tré cia mang PPy thap khoang 110 Q ching t6 d6 dan dién cia mang cao. S& di
ban dau tré ciia mang cao 1a do mang chua 6n dinh.

Theo thoi gian thé cia mang PPy giam va tro cua mang PPy ting dan khi mang
chuyén tir trang thai oxi hoa sang trang thai khir (PPy khong pha tap). Theo chung t6i, day
la két qua tat yéu cua qua trinh trao doi: anion sucxinat di ra khi tac nhan dn mon xam nhap
va0. Sau 17 gio mang khong con tac dung bao vé, thé mach hé -0,509V trd ciia mang
khoang 850Q.

Khao sat mau PPy-Su-Mo ciing cho két qua tuwong tw. Tuy nhién, thoi gian PPy
chuyén tir dang oxy hoa sang dang khir 1au hon. Diéu ndy i giai kha ning thy dong tot cia
anion molybdat dan téi tdc do an mon PPy giam.

4.  Kétluan

Mang polypyrrole dugc tong hop trén nén thép CT3 trong dung dich chua axit
sucxinic c6 va khdng pha tap natri molybdat. Két qua phén tich phé Raman va IR cho thiy
cac anion molybdat va sucxinat ¢4 pha tap vao mang. Hinh théi ciu tric dic trung caa PPy
dugc xac dinh bang anh SEM, két qua cho thiy PPy ¢ hinh dang hoa stip lo. Nghién ctru
cau trac PPy cho thdy mang PPy ton tai & dang oxy hoa. Do bén nhiét ctia PPy gia ting khi
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dugc pha tap thém anion molybdat: mau PPy-Su-Mo la 480°C. Nghién ciru tinh chat dién

h6a vé kha ning bao vé chong an mon cho thiy PPy pha tap molybdat cho thoi gian bao vé

lau hon khi khong c6 molybdat. Nghién ctru téng trd khang dinh vai tr0 ctia cc anion pha
tap vao mang.
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