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TOM TAT

Mang polypyrrole pha tap salicylate (PPy/salicylate)
diege tong hop trén nén thép carbon bang phwong phdp
dién héa dong khéng doi trong dung dich pyrrole 0,1 M
chita sodium salicylate ¢ cdc nong dé 0,05-0,15 M. Mang
thu dwoc dwoc dic trung bang SEM, FTIR va TGA, dong
thoi danh gid kha ndang bdo vé chéng dn mon trong dung
dich NaCl 3% bang OCP, phén cuc Tafel va EIS. Két qua
SEM cho thdy mang PPy/salicylate hinh thanh twong doi
dong déu trén bé mat thép; FTIR xdc nhdn sw xudt hién
cua cdc tin hiéu dac trung cua PPy va salicylate. TGA cho
thdy mau N2 ¢é khoi lwong con lai 6 700 °C cao nhat, dat
28,00%. Két qua dién héa cho thday N2 duy tri thoi gian
bao vé OCP dai nhat, dat 25,42 gio, va co dap ung tro
khdng tot hon, trong khi NI ¢6 dong dn mon thap nhat
theo Tafel, dat 522 x 108 A/em? Cdc két qua chimg
minh salicylate dnh hwong dang ké dén sw hinh thanh va
hiéu qua bao vé cua mang PPy trén thép carbon.

ABSTRACT

Salicylate-doped polypyrrole films (PPy/salicylate) were
synthesized on carbon steel substrates by constant-current
electrochemical methods in a 0.1 M pyrrole solution
containing sodium salicylate at concentrations of 0.05-
0.15 M. The resulting films were characterized by SEM,
FTIR, and TGA, and their corrosion protection in 3%
NaCl solution was evaluated using OCP, Tafel
polarization, and EIS. SEM results showed that the
PPy/salicylate films formed relatively uniformly on the
steel surface; FTIR confirmed the presence of
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characteristic signals of PPy and salicylate. TGA showed
that the N2 sample had the highest residual mass at 700
°C, reaching 28.00%. Electrochemical results showed that
N2 maintained the longest OCP protection time, reaching
25.42 hours, and had a better impedance response, while
N1 had the lowest corrosion current according to Tafel,
reaching 5.22 x 107° A/cm?. The results demonstrate that
salicylate significantly affects the formation and protective
efficacy of PPy films on carbon steel.

1. MO DAU

TAt ca cac san phém kim loai dac biét 1a Thép carbon trong qua trinh sir dung déu
tiép xuc voi khong khi am uét hodc cac méi truong gdy an mon manh khac nhu nudc
bién, acid,... Vi vay, qud trinh an mon trén bé mat kim loai ludn xdy ra. Do do, viéc
kiém soat va han ché an mon kim loai c6 ¥ nghia va tim quan trong rat I6n trén toan
thé gidi, nhat 1a & Viét Nam voi diéu kién khi hau néng am, moi truong bién giau ion
chloride va nhu cau st dung thép carbon rong rai trong xay dung, giao théng, co khi va
cong nghiép ven bién.

C6 nhiéu phuong phap bao vé kim loai dugc st dung nhu phuong phap bao vé
cathode, bdo v¢ anode, st dung céc chét (rc ché an mon, tao thanh chat khong tan trén
bé mat kim loai va 1am thanh 16p thu dong, son 16p phu hitu co 1én bé mat kim loai.
Thuec té 16p pht chromium dic biét 1a cac hop chat Cr(VI) ¢o tac dung trc ché dn mon
rat tot [1]-[3]. Tuy nhién da s hop chét chira chromium trong 16p phii khi bi rira troi
déu gy ra thiét hai va anh huong nghiém trong dén méi truong didu do da khuyén
khich cac nha khoa hoc khong ngung nghién ctru dé tim ra cac hop chat chéng an mon
than thién véi méi trudng hon. Nhiéu cong trinh nghién ctru cho thay polymer din lam
glam tde do an mon k1m loai [4]- [1 1]; tuy nhién, thoi gian bao vé kim loai cua polymer
dan con ngén nén van dé dat ra can phai ting thoi gian bao vé ciia mang polymer dan,
dic biét khi xuat hién nhitng khuyét tat trong mang polymer. Viéc sir dung cc anion
pha tap dé ting kha ning bao vé ctia mang polymer din di duoc biét trong nhiéu
nghién ctru vé str dung polymer dan trong viéc bao vé dn mon kim loai. Chét pha tap
dugc dua vao mang polymer bang phuong phap dién héa hoic hoa hoc. Qua trinh giai
phong anion pha tap ra khoi mang polymer trong qué trinh khir cia mang lam cho
polymer c6 dac tinh ty stra chira [12]-[16].

Trong bai bao nay Mang polypyrrole (ppy) véi viéc pha tap anion salicylate
duoc nghién ciru ing dung 1am mang phu bao vé chdng dn mon thép carbon. Mang thu
duoc dugc dic trung bang anh SEM (SEM), ph6 hong ngoai bién doi Fourier (FTIR)
va phan tich nhiét trong lvong (TGA), dong thoi dénh gia kha nang bao vé chdng in
mon trong dung dich NaCl 3% bang thé mach ho theo thoi gian (OCP), d6 phan cuc
dién hoa (Tafel) va pho tré khang dién hoa (EIS). Khi c6 mat anion salicylate, mang
polymer c6 do bam dinh cao va hinh thanh tryc tiép trén bé mat thép carbon ma khong
¢o su hoa tan kim loai.
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2. PHUONG PHAP/ VAT LIEU NGHIEN CUU

2.1. Ho4 chiat

Monomer pyrrole (Py) (98%), sodium salicylate (99.5%) Trudc moi thi nghiém
pyrrole dugc chu’ng cat lai nham loai bo oligomer va cac san pham oxy hoa, sau d6 bao
quéan trong chai tdi mau & 4°C trude khi sir dung. Nhitng hoa chit con lai dugc sir dung
ma khong can tinh ché thém. Dung dich dién phan duoc chuan bi bang nudc cat hai 1an.

2.2. Chuin bi mang

Nén thép carbon thap (LCS) (TISCO Com., Thai Nguyén, Viét Nam, Mn:
0,62%; C: 0,16%; Si: 0,15%; S: 0,042%; va P: 0,010%, theo GOST 001-2001- Tiéu
chuan TCVN 1656-75) dugc sir dung c¢6 bé day 0,8 mm va cat thanh timg miéng voéi
cac kich thude 2 cm x 2 cm; 2 cm x 5 cm. Chung duoc danh bong co hoc voi cac loai
gidy SiC khac nhau (600, 800, 1000, 1200, 1500 grit) va tay nhon trong bé siéu am
trong 5 phut bang acetone, rira sach bang nudc cat va cudi cung 1am kho ¢ nhiét do
phong dudi dong khi N» trong budng kin. My do dién thé/dién luong Zennium (Pirc)
da duoc st dung. Cac thi nghiém dién hoa duoc thuc hién trong mot té bao ba dién cuc
thong thuong v6i ludi Pt 1am dién cuc ddi va dién cuc bio hoa bac (SSE) lam dién cuc
tham chiéu. Dién tich dién cuc lam viéc khoang 1,1 cm?. Dung dich dién phan duogc
chuan bi nhu trinh bay trong Bang 1. Mot mang PPy duoc hinh thanh trén bé mit thép
mém véi dong dién khong d6i & mic ImA cm trong 60 phiit. Sau khi tong hop, mang
PPy dugc rira nhidu lan bang nudc cit va say kho ¢ 50°C trong diéu kién chan khong.

Bang 1. Thanh phén dung dich polymer héa pha tap salicylate trén nén thép carbon

TT | Mau dién phan | Sodium salicylate (M) | Pyrrole (M) N{iigﬁ)cfn%r)lg
1 N1 0,05 0,1 1
2 N2 0,10 0,1 1
3 N3 0,15 0,1 1

2.3. Nghién ctru dac tinh ciia mang PPy

Phé EDX va Anh SEM cia mau duoc chup trén thiét bi: SEM- Hitachi-4800
(Nhat Ban), Phd hong ngoai bién déi Fourier (FTIR) ctia cac mau dugc quét tir 16 dén
32 lan trong vung 4000 - 500 cm™ trén may IR Prestige - 21, hiang Shimadzu (Nhat
Ban) phan tich nhiét trong lLrO’ng (TGA) dugc thuc hién bang may Ghimashu-60H v&i
toc do quét 10°C min™' trong diéu kién khi quyén.

2.4. Thir nghiém bao vé chdng in mon

Puong cong OCP, Tafel va pho trd khang dién hoa (EIS) duoc thir nghiém trong
dung dich NaCl 3% trén Zennium (Zaehner, Puc). Cac phép do EIS dugc thuc hién
trén mang PPy & cac dién thé DC khac nhau (sau day goi 1a Edc) bang cach ap dung
dong dién xoay chiéu 5 mV vao dién thé DC & cac tan sO tir 100 kHz dén 10 mHz toc
d6 quét 0.5-0.1mV/s, khoang thé -0.8-0,4 V, thoi gian 6n dinh 30 phit. Dung cu do
tinh chat dién héa duge trinh bay ¢ Hinh 1.
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Hinh 1. Dung cu do tinh chit di¢n héa clia mang PPy

Dung cu cling gém 2 phén duoc kep chat véi nhau baéi 4 vit kim loai ¢ 4 goc. O
gitra 1a dién cuc lam viéc. Bé mat dién cuc 1am viéc khodng 0,5cm?, dugc 1am kin béng
miéng dém silicon. Mot dng thuy tinh mot ddu dugce gin vao phia trén dé chira dung
dich dién li. Mot cai ludi béng Pt dugc sir dung lam dién cuc ddi. bién cuc so sanh van
1a dién cuc Ag/AgCI(KCI).

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Tong hop dién h6a mang PPy/salicylate

Mang PPy tong hop bang phuong phap dién hoa ciia cic mau N1, N2, N3 dugc
trinh bay ¢ Hinh 2.

Su bién dbi thé theo thoi gian ciia mang PPy pha tap salicylate (trén thép carbon)
duoc téng hop & mat do dong dién 1 mA/cm? trong dung dich chira néng do sodium
salicylate khac nhau va monomer pyrrole 0,1 M dugc biéu thi trong Hinh 2.
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Hinh 2. S bién dbi thé theo thoi gian cda qua trinh téng hop PPy trén nén thép carbon
ciia cac miu N1, N2, N3

C6 thé thay kha nang trung hop mang pylrole O cac mau N1, N2, N3 c6 sy khac biét
gia tri dién thé. Mau N2 thé hién dién thé cao hon cic miu khéic, gan 0,75 V (so voi
Ag/AgCl). Piéu nay co thé duoc giai thich 1a do sy c6 mit cia anion salicylate, 16p thu
dong trén thép da mong dé bao vé cho nén thép nhung khong tic ché qua trinh téng hop tao
mang cua pyrrole. Salicylate trong chat dién phén c6 tic dung tot d6i véi thép thu dong.
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3.2. Pic trung hinh thai, ciu tric va dd bén nhiét ciia mang PPy/salicylate
3.2.1

T i/ e

Hinh thai bé mét mang PPy/salicylate

N1

Hinh 3. Anh SEM ciia mang PPy/ salicylate trén nén thép carbon

Anh SEM cua mang PPy thu duoc dudi tac dung tinh dién (1 mA.cm™) trong
thoi gian 60 phiit trén mau thép carbon. Mang PPy tong hop rat mong (bé day khoang
50um), min, den va déng nhat. Diéu nay co thé duoc nhin théy tor cac anh SEM trong
Hinh 3. Mang PPy trén thép carbon thu duoc c6 ciu tric sup lo kha dién hinh, twong tu
nhu cac cong bd khac [17][18].

3.2.2. Phé FTIR ciia mang PPy/ salicylate

Mang PPy pha tap sodium salicylicate sau khi tong hop di xac dinh bang phd
FTIR dé phat hién cic nhom chirc c6 trong PPy, khang dinh su ton tai ctia PPy. Pho
FTIR quan sat dugc cta cac mau pha tap anion salicylate cho thay: N1, N2, N3 c¢6
dang va vi tri phé twong tu nhau. C4c dinh & khoang 1646 cm™ ! (N1), 1667 cm™ ! (N2),
1667 cm™ ! (N3) dic trung cho lién két ciia C = O ctia phéan tir sodium salicylate.
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Hinh 4. Phé FTIR ciia mau N1, N2, N3
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Phé FTIR cua cac miu: N1, N2, N3 ¢6 cac dinh ¢ 1524 - 1531 ecm’!, dic trung
cho vc = ¢ thom, ve = n. Ngoai ra, cac dinh ¢ 1448 - 1451 ecm™ dic trung cho dao dong
ctia lién két N — H (8x - n) trong phan tir pyrrole hodc cac dao dong ctia O — H (80 - 1)
trong phan tir sodium salicylate. Dinh ¢ 1016 - 1023 cm™ 1a dién hinh cho dao dong
hoa tri C-O. Két qua phan tich phd FTIR cta cac mau duoc trinh bay ¢ Bang 2.

Bang 2. Phin tich phd FTIR ciia cic chit

Van phd N1 (cm™) N2 (cm™) N3 (cm™)
V=0 1646 1667 1666
V C=C aromatic, C=N 1524 1531 1529
SN_H 1451 1449 1448
vCo 1016 1023 1023

Phan tich phd FTIR cac mau N1 - N3 cho thiy ngoai cac tin hiéu dic trung cua
PPy con c6 céc tin hiéu phd dic trung ciia sodium salicylate. Piéu nay chimg to di xay
ra qua trinh pha tap anion salicylate.

3.2.3. D6 bén nhiét ciia mang PPy/ salicylate

Hinh 5 hién thi két qua phan tich nhiét TGA cua ciac mau N1, N2, N3. Dudi
120°C, su giam khéi lugng do nudce bén trong mau bay hoi. Trong khoang 200-500°C,
su phan hiy PPy ctia miu tao ra sy giam khéi luong 16n quan sat duge trén duong
TGA. Trong khoang nhiét d¢ nay, khéi lugng cua cac mau N1 - N3 giam lan luot 1a
31,46, 26,23, 30,96 % khdi lwong, chimg té mang PPy da bi phan hay. Khi nang nhiét
d6 1én gan 700°C, cac mau N1 - N3 bi phan huy tir 72 dén 91,23% vé khéi luong. Cac
dinh DTG chinh, twong tng v4i nhiét d§ phan hily manh nhat, xuat hién tai khoang 601
°C d6i v6i N1, 611 °C dbi véi N2 va 578 °C dbi v6i N3. Nhu vy do bén nhiét duoc
sap xép theo thir ty: N2 > N1 > N3.
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Hinh 5. Phan tich TGA ciia mau N1, N2, N3
Bang 3. Két qua phén tich TGA ciia cic miu N1, N2, N3.

. Métkhéiluong | Métkhéilugng | Longmat | Khoiluong | T dinh
Mau (%)< 200°C  |(%)< 200°C - 500°C khoi luong con lai & DTG
B - (%) 700 °C | (%) 700 °C | chinh (°C)
N1 2,19 31,46 91,23 8,77 601
N2 4,95 26,23 72 28 611
N3 4,96 30,96 89,71 10,29 578

Tir bang phan tich trén cho thay & 700°C N2 6n dinh nhét, khdi luong PPy con
lai 28% khdi lugng mang, trong khi 2 mau con lai chi con 10,29 va 8,77% khdi luong
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mang. Tir két qua TGA thdy duogc sy tac dong cua 16p PPy 1én bé mit thép 1a khac
nhau, hay di c¢6 sy anh hudng cua ndng do salicylate pha tap 1én mang PPy.

3.3. Khao sat kha niing bao vé chéng in mon
3.3.1. Su bién thién thé mach hé ciia mang PPy/salicylate
Dé nghién ctru kha ning chdng an mon mang PPy/salicylate trén nén thép carbon,
cac phép do thoi gian OCP dugc tién hanh trong dung dich sodium chloride 3% lam moi
truong an mon. Sy thay d6i ciia OCP dugc trinh bay trong Hinh 6 va Bang 4.
0.8
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0.4 -
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&I 0.0 N3
' N2
-0.2 4

-0.4 4

N1

-0.6 4 CT3
T T T T T T T T T
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Thoi gian (2id)
Hinh 6. OCP ciia miu N1, N2, N3
Bang 4. Thé mach hé OCP va thoi gian bao vé ciia miu N1, N2, N3

Mau Thé bat dau (V) Thé két thuc (V) Thoi gian bao vé (gid)
Thép -0,573 -0,645 0

N1 0,022 -0,576 14,82

N2 0,247 -0,554 25,42

N3 0,1 -0,557 12,98

Cac miu N1, N2 va N3 ¢6 xu huéng bién thién OCP twong tu ¢ giai doan déu,
nhung khac biét rd vé thoi gian duy tri thé duong va téc do suy giam OCP. Trong
khoang thoi gian 3 gid dau, OCP dich chuyén vé phia duong, xa hon so véi thé in mon
ctia thép carbon. Piéu nay ching t6 viéc pha tap sodium salicylate da 1am ting kha niang
bao vé thép. Sau d6, OCP ciia N1 va N3 dong thoi gitr ¢ dién thé duong va sau d6 giam
xudng thé an mon ciia thép. OCP ciia N2 duoc duy tri trong thoi gian dai trong giai doan
thir hai. Diéu d6 c6 nghia 13 ndng do sodium salicylate d3 tac dong dén kha ning bao vé
thép ctia mang PPy. Tham chi & mau N2 OCP con chuyén sang hudng tich cuc hon [19-
21]. Sau gan 26 gio, mang PPy ctia mau N2 khong con kha ning bao vé thép nira.

C6 thé két luan rang mang PPy chtra 0,1 M sodium salicylat da lam ting kha
nam bao v¢ cua mang PPy trén thép carbon.
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3.3.2. Puong Tafel cuia mang PPy/salicylate
Mau thép carbon phi mang PPy/salicylate duoc do do phan cuc dién hoéa
(duong Tafel) trong dung dich sodium chloride 3% cho két qua nhu Hinh 7 va Bang 5.

1E-4
CT3

1E-5 A
N3

I( Alem2)

1E-6 4
N2

N1
1E-7 4

T T T T T )
0.8 0.6 0.4 0.2 0.0 0.2 0.4
E ()

Hinh 7. Pwdng cong phan cwc trong dung dich sodium chloride 3% cta thép carbon
va cac mau N1, N2, N3

Tat ca cac mau N1, N2, N3 déu c6 thé an mon duong hon mau thép carbon trong
dung dich sodium chloride 3%. Diéu nay chung t6 16p phu PPy téng hop trong dung
dich sodium salicylate c6 kha nang chdng an mon va bao vé nén thép. Nhu vay, nghién
ctu dién hoa da chung minh cd 3 mang PPy tong hop trong sodium ahcylate hinh
thanh trén nén thép déu cho thdy kha ning @rc ché an mon tdt cho thep Tur két qua do
mach hé OCP, dudng cong phéan cuc I/E ta nhan thiy 16p phu PPy tong hop trong dung
dich sodium salicylate & nong d6 0,1 M mau N1, N2 ¢6 két qua chong dn mon tot hon
mau N3 va thép CT3. DPidu nay ciing chimg minh vai trd quan trong cila salicylate
anion trong viéc trc ché dn mon va bao vé thép.

Bang S. Thé va dong an mon cda cac méau CT3, N1, N2, N3

CT3 N1 N2 N3
Teorr (A/cm?) 1,0. 10 5,22.10° 9,84. 10 3,03.10°7
Ecorr (V) 20,57 20,1 20,05 -0,01

3.3.3. Pho tro khang dién héa EIS ciia mang PPy/salicylate

=l = impedance/ohm (N2)
—l - impedance/ohm (N1)
=@ = impedance/ohm (N3)
= phase/deg (N2)
= phase/deg (N1)
== phase/deg (N3)

Tong tro(Ohm)

100m 1 10 100 1k 10k 100k
Tén s6 (Hz)

Hinh 8. Phé EIS ciia miu N1, N2, N3 trong dung dich sodium chloride 3%
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Hinh 8 thé hién két qua EIS ciia N1, N2, N3 trong dung dich sodium chloride 3%
duoc do & dién thé nghi. Phé tré khang thu duoc ciia mang polymer c6 thé duoc chia
thanh ba vung: vung 1 (tan sb cao > 1 kHz) gié tri trd khang chu yéu lién quan dén dién
tré dung dich dién ly Rs. Goc pha gan nhu bang khong. Dién tré cia chat dién phan
khoang 50 Q. Ving 2 (tan sb trung binh) hién thi cic dic tinh cia mang polymer.
Mang PPy hoat dong nhu 16p phu dan dién/ban dan c6 dap tng dién dung va dién tro.
Tré khang cua mang & vung nay cang cao thi tac dung bao v¢ ciia mang cang cao.
Ving 3 (tan s thip) dai dién cho twong tac polymer/chit nén. C6 dién dung cua 1op
kép va dién trd truyén dién tich ctia twong tac.

Két qua trd khang cdc mau ¢ tan sd thdp nhu sau: N1 khoang 1.500-2.000 Q,
N2 khoang 8.000-8.500 Q, N3 khoang 500-700 €. R4S rang 1a N2 c6 tré khang cao hon
N1, N3 & ving 2. Nong d6 sodium salicylate dd anh huong dén kha nang chdng an
mon cua PPy. Két qua EIS tuong tu véi két qua khao sat phan cuc va OCP.

4. KET LUAN

Mang PPy/salicylate di dugc tong hop thanh cong trén nén thép carbon bing
phuong phap dién hoa trong dung dich pyrrole 0,1 M chtra sodium salicylate & cac
ndéng d6 khac nhau. Két qua SEM cho thdy mang PPy hinh thanh trén bé mit thép co
ciu tric dic trung cua polypyrrole. Phd FTIR xac nhan sy xuat hién cia cac tin hiéu
dic trung ciia PPy va salicylate, cho thdy anion salicylate dd tham gia vao qué trinh
pha tap mang. Phan tich TGA cho thdy ndng d6 salicylate anh huéng dén d¢ 6n dinh
nhiét ciia mang, trong d6 mau N2 ¢6 khdi lugng con lai & 700°C cao nhét, dat 28,00%.

Cac két qua dién hoa trong dung dich NaCl 3% cho thay mang PPy/salicylate co
kha ning cai thién kha nang bao vé thép carbon. Két qua OCP cho thdy mau N2 duy tri
trang thai bao vé trong thoi gian dai nhét, dat 25,42 gio. Pho EIS cling cho théy N2 ¢c6
tro khang cao hon trong ving tan sb trung binh, phan anh kha ning chan dién ly tot
hon. Tuy nhién, két qua phan cyc Tafel cho thady miu N1 c6 dong dn mon thip nhat,
dat 5,22 x 1076 A/cm?, twong tng hiéu suat bao vé khoang 94,78%.

Nhu vay, salicylate dong vai tro quan trong trong qué trinh hinh thanh va cai
thién hiéu qua bao vé ctia mang PPy trén nén thép carbon. Xét tong hop cac két qua
OCP, EIS, Tafel va TGA, miu N2 véi nong do sodium salicylate 0,1 M c6 thé duoc
xem 12 mau c¢6 hiéu qua bao v¢ tdt nhat trong diéu kién khao sat.
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