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TRUNG HOP DIEN HOA MANG BAO VE POLYPYRROL
TRUC TIEP TREN NEN THEP CACBON SU DUNG SALICYLAT
LAM ION POI
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SUMMARY

A homogeneous and adherent Polypyrrole (PPy) film can be electrodeposited on carbon steel
surface in the aqueous media using salicylate counter-ion. Protective properties of obtained PPy
films were studied in the solution NaCl 0.1 M by following the open circuit potential of system vs.
immersion time. The influence of synthesis medium (pH value, monomer and electrolyte
concentrations) and of applying current density was investigated. The protection time of the best
PPy film electrosynthesized in acidic medium was about one week, whereas it was two weeks in
the case of neutral synthesis medium. The result observed on the iron surface was about 3
months. It is very interesting to notice that the best protective PPy film can be obtained by a soft
procedure, e.g. neutral medium and grand applying current density, which is well suitable for

industry application.

- MG DAU

Tir nam 1985, sau phat hién ctia DeBerry vé
kha nang thu dong héa bé mat sit cula
polyanilin, cdc nha nghién cttu trong va ngoai
nudGc dac biét quan tam téi kha nang bao vé kim
loai ctia polymer dan. Cung véi thoi gian nguoi
ta tim dugc cdc diéu kién ché tao mang polyme
dan (chu yéu la polyanilin, polypyrrole) bao vé
chong an mon cho sét, thép méi ngay mot hiéu
qua hon [1 - 10]. Tuy nhién van con nhiéu bat
cap do quy trinh tong hgp con twong doi phitc
tap va kha nang bao vé chua cao.

Nhiing nghién ctu gan day cua ching toi vé
qua trinh téng hop dién héa truc ti€p mang
polypyrrol (PPy) trén nén k&m cho thdy viéc su
dung ion salicylat lam chat kich hoat td ra rat
hiéu qua [9, 10]. Trong bai bdo nay, ching toi
trinh bay ti€p tuc cac két qua nghién ciu ung
dung ion doi salicylat trong truong hop kim loai
nén la thép cacbon: nghién ctu qud trinh
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polyme héa dién héa va cac tinh chat cia mang
PPy tao thanh, nhat 1a kha nang bao vé chéng an
mon trong moi trudng clorua.

II - THUC NGHIEM

Mang Polypyrrol dugc tong hgp trén mdy
potensinstat-galvanostat AUTOLAB trong binh
dién héa ba dién cuc: dién cuc lam viéc la dia
thép cacbon hinh tron ¢5 mm, dién cuc so sanh
la calomen bao hoa (SCE), dién cuc d6i 1a tdm
ludi platin.

Phuong phép dién héa sir dung dé tong hop
PPy la phuong phdp dp dong khong doi.

Chat hoat hdéa st dung la axit salicylic
(SacH) va salicylate natri (SacNa).

Kha nang bao vé cua mang PPy dugc nghién
ctu ddnh gid bang phuong phdp do dién thé
mach h& (E,.) theo thoi gian ngdm mau trong
dung dich NaCl 0,1 M.



Cau tric hinh thai hoc cua vat liéu duoc
phan tich bang kinh hién vi dién tir quét (SEM)
trén may JSM 5300-Jeol.

11 - KET QUA VA THAO LUAN

1. Mang Polypyrrol téng hop trong moi
truong axit

a) Tong hop dién héa

Qud trinh polyme héa dién héa pyrrol (Py)
dugc thuc hién bing phuong phdp 4p dong
khong doi trong dung dich nuéc ¢6 chita SacH
0,01 M va Py 0,2 M. Hinh 1 biéu dién cic
duong bién thién dién th€ (E) theo thoi gian (t)
thu dugc trén dién cuc thép cacbon véi cac gia
tri dong 4p dat khac nhau.

Tit hinh 1 ta thady néu ap mot dong dién véi
cudng do j = 1 mA/cm® 1én dién cuc thép, dién
th€ E s€ tang 1én nhanh chdng tir gia tri dién thé
an mon cua thép tran (khoang -0,5 V theo SCE)
va gift 6n dinh & khoang -0,1 V. Gi4 tri nay qua
thap so véi dién th€ oxy héa pyrrol (tir +0,6 V
theo SCE). Diéu nay chiing to trén bé mat dién
cuc lam viéc chi ¢6 qua trinh thu dong héa ma
khong c6 qua trinh polyme héa dién ra. Thuc t&€
khong ¢6 mang polyme nao tao thanh trén bé
mat dién cuc. Trong cidc truong hgp j > 1
mA/cm?, gid tri dién thé 6n dinh cha dién cuc

lam viéc dat trén 0,8 V, chiing t6 qua trinh anot
héa pyrrol. Ta c6 thé quan sit thdy mang
polypyrrol mau den, rat bong va dong nhat phu
lén bé mat dién cuc. Ching bam dinh rat t6t 1én
bé mat thép, do bam dinh dat 100% theo tiéu
chuén DIN 53151.
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Hinh 1: Duong bién thién dién thé theo
thoi gian cha dién cuc thép trong dung
dich SacH 0,01 M + Py 0,2 M véi cac gia
tri dong 4p dat khac nhau

Hinh 2 trinh bay cic anh SEM véi do phong
dai 1000 (a) va 20000 lan (b) ctia mang PPy ché&
tao duoc trong moi trudng SacH. Ta thay rd riang
6 day mang PPy lién tuc va rat dong nhat.
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Hinh 2: Anh SEM clia mang PPy ché tao trong moi trudng SacH vé6i Q = 1C/cm?

Kha nang bao vé thép cua cic mang PPy tao
thanh dugc ddnh gid bang phuong phdp do dién
th€ mach hd E, theo thoi gian ngdm trong dung
dich NaCl 0,1 M. Hinh 3 trinh bay mot vi du
trong s6 két qua thu dugc trong trudng hop

mang PPy ch€ tao trong dung dich SacH 0,015
M + Py 0,3 M, j = 2 mA/cm®. Tur hinh 3 cho
thay, dau tién E . dat khoang 0,1 V, day chinh la
gid tri dién th€ can bang do phan tng oxi héa
khlr cia mang dan PPy, rat cao so véi E_,, clua
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thép tran. E . sau d6 giam nhanh xuoéng khoang
-0,2 V r6i lai dan dan tang 1én trd vé gid tri dién
thé ban ddu. Hién tugng nay c6 thé giai thich do
qué trinh thu dong héa bé mat thép nhd hoat
dong oxi hoa khir ciia polyme dan (phuong trinh
1 va 2). Thoi gian bao vé chinh 1a khoang thoi
gian mang PPy c6 kha nang giit dién thé & gia
tri cao hon gid tri an mon cua thép tran, trong
truong hop nay la 170h hay 7 ngay.

Phan tdng oxi hda khir cia PPy thu dong héa
bé mit thép c6 thé dugc biéu dién nhu sau:

M + (n/m)PPy™Sac™ —
M™Sac)™ + (n/m)PPy” (1)

PPy + (m/4) O, + (m/2) H,0 —
PPy™ + mOH" 2)

Dé khéo sat anh hudng diéu kién téng hop
t6i kha nang bao vé cua mang PPy, ching toi
thay doi nong do monome va gi4 tri dong 4p dat
trong khi gift nguyén gid tri dién tich khong d6i
Q = 1C/cm® (dé tao nhitng mang PPy c6 chiéu
day bing nhau). Nong do chat dién ly SacH giit
nguyén 1a 0,01 M vi kha nang tan trong nudc
cta SacH rat thap. Két qua khao sat thoi gian
bao vé ctia mang PPy téng hop dudi cdc diéu
kién khéac nhau dugc trinh bay ¢ bang 1.
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Hinh 3: Su thay déi E,, ctia dién cuc thép phu
PPy theo thoi gian ngam trong NaCl 0,1 M.

Tir cac két qua trinh bay trong bang 1 cho
thay, ting v6i moi truong hop ndng do monome
khac nhau, gid tri j t6i wu ciing c¢6 thé khéac
nhau. Trong trudong hop [Py] = 0,2 M, mang PPy
c6 kha nang bao vé t6t nhat 1a 2h khi j = 2
mA/cm®. Cling nhu vay d6i véi trudong hop [Py]
= 0,3 M, thoi gian bao vé rit cao: 7 ngay. Trong
khi d6 néu tang nong do Py lén 0.4 M, gid tri j
toi uu 12 4 mA/cm® va thoi gian bdo vé 13 6,5
ngay. Nhu vay mang PPy téng hop trong dung
dich SacH 0,015 M va Py 0,3 M, j = 2 mA/cm’
¢6 kha nang bao vé thép tot nhét.

Bdng 1: Thoi gian bao vé clia mang PPy téng hop trong moi trudng axit salicylic
V6i cdc thong s6 dién hoa khac nhau

[Py] =02 M [Py] =03 M [Py] = 0,4 M
j=1mA/cm* khong c6 mang 5h 1h
j=2mA/cm’ 2h 7 ngay 1 ngay
j=3mA/cm’ 15 phuit 5 ngay 6,5 ngay
j=4mA/cm® 10 phuit 1 ngay 2 ngay

Mang PPy tong hop trong moi truong trung
tinh

Moi truong trung tinh do ¢6 do dan thap hon
moi truong axit nén can phai sit dung chat dién
ly v6i nong do cao hon, vi du 0,5 M. Trdi véi
axit salicylic, mudi salicylat natri (SacNa) hoa
tan rdt tot trong nudc. Nong do Py lua chon la
0,3 M 1a néng do t6i wu trong trudng hop SacH.
Hinh 4 biéu dién cdc dudng bién thién dién thé

20

(E) theo thoi gian (t) thu dugc trén dién cuc thép
cacbon trong dung dich nay véi cac gia tri dong
ap dat khéc nhau.

Tur hinh 4 cho thdy, khac v6i trudng hop
SacH, v6i cudng do dong dp dat j = 1 mA/cm’ ta
ciing c6 thé thuc hién polyme héa pyrrol, & day
gid tri dién thé 6n dinh & khoang 0,5 V. Dai véi
cac truong hogp j cao hon, gid tri dién th€ tang
nhe nhung thap hon nhiéu so véi truong hop



SacH. So sanh v6i moi truong axit, mang PPy
tao thanh trong moi trudng trung tinh cling dong
nhat vad bam dinh rat tot, tuy nhién bang mat
thudng ta ciing c¢6 thé nhan thay chiing x6p hon
nhiéu va kém bong rd rét. Mat khdc, trong khi
¢6 thé tong hop mang PPy trong dung dich SacH
0,01 M, d6i véi moi truong trung tinh SacNa
0,01 M qua trinh anot h6a Py khong xay ra.

1.0
0.8
4mA/cm?
0'6'% 2mA/cm’
W 0.4 1mA/cm’
(2]
= 0.2
LIJ" .
0.0
0.2+
T T T T T T T T T T
0 200 400 600 800 1000
t, s

Hinh 4: Puong bién thién dién thé theo thoi
gian cua dién cuc thép trong dung dich SacNa
0,5 M + Py 0,3 M véi cac gia tri dong ap dat
khéc nhau

Hinh 5 trinh bay cdc anh SEM cua mang
PPy t6ng hop dugc trong moi trudng SacNa véi
gi4 tri dién tich téng hgp Q = 0,2 C/cm’ (5a) va

Q =1 C/cm? (5b, 5¢). Ta nhan thay trong trudng
hop nay mang PPy ciling rat dong nhét. Tuy
nhién, khac véi truong hop st dung SacH, ching
thé hién cdu tric hat ngay tir giai doan dau cta
qua trinh t6ng hop. Bing mat thudng ta ciing c6
thé quan sat duoc su khdc nhau nay, mang PPy
ché tao trong moi trudng axit rat min, bong, dac
xit. Trong khi & trudong hop moi trudng trung
tinh mang PPy rat x6p, chac chin kha nang che
phtt kém hon hén trudng hop trén. Nhung mot
diéu thu vi 1a trén thuc t€ ching lai bao vé thép
tot hon han, dé 1y giai diéu niy can cdc nghién
ctu phan tich sdu hon nita. Nho phuong phép
phan tich SEM ta ciing ¢6 thé xé4c dinh dugc
chiéu day cua mang PPy 1a khoang 5 pm (hinh
5¢).

Tuong tu nhu truong hop moi truong axit, &
day ching to6i cling ti€n hanh khao sat anh
hudng clia diéu kién tong hop t6i thoi gian bao
vé ctia mang PPy. Nong do chat dién ly SacNa
thay déi tir 0,5 t6i 2 M, néng d6 monome Py
thay déi tir 0,3 t6i 0,7 M, gid tri dong ap dat
thay ddi tir 1 dén 15 mA/cm®. Luong dién tich
tong hop dugc gift nguyén la 1C/cm® trong moi
trudong hop, chiéu day cdc mang coi nhu bang
nhau khoang 5 pm (do bang SEM). Két qua
khdo sdt thoi gian bao vé clia mang PPy tong
hop duéi cdc diéu kién khdc nhau dugc trinh
bay o bang 2.

Bdng 2: Thoi gian bao vé cia mang PPy téng hop trong moi trudng trung tinh véi
cac thong sd dién héa khac nhau

[SacNa]=0,5M [SacNa]=1M [SacNa] =2 M
LmAfem® [y [Pyl | [Pyl | [Pyl | [Pyl | [Pyl | [Pyl | [Py]
0,3M 05M | 03M | 05M 07M | 03M | 05M | 0,7M
1 10€ - - - - 2ngay | 12 ngay | 9 ngay
2 15h 1h 10€ 1h - 12h | 10 ngay | 5 ngay
3 Sh 12h 7h - - - 20h -
4 15¢ 1h 1 ngay | 2 ngay - - 12h -
6 - - 10h | 10ngay | 3 ngay - 15¢ -
8 - - - 14 ngay | 10 ngay - - -
10 - - - 12 ngay | 12 ngay - - -
15 - - - 8 ngay | 10 ngay - - -

21



c)

Hinh 5: Anh SEM ctia mang PPy ché tao trong moi trudng SacNa
v6i Q = 0,2 C/em? (a) va Q = 1C/cm*(b.c)

Tur cdc két qua trong bang 2 ta c6 thé dua ra
mot s6 nhan xét nhu sau:

Doi v6i moi trudng hop nong do SacNa va
Py khac nhau, gia tri j t6i uu cling khac nhau.

Dé ché tao mang PPy c6 kha niang bao vé
tot, can s dung chat dién ly v6i nong do cao, 1
M hay tham chi 2 M. D6i vé6i truong hop
[SacNa] = 0,5 M, kha nang bao vé cia mang
PPy rit kém, c6 thé moi trudng nay c6 do dan
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yéu, kha nang kich hoat (doping) polyme khong
dl manh. Vé6i néng do SacNa 0,01 M khong thé
thuc hién duoc qud trinh anot héa Py, khong
giong nhu SacH 0,01 M.

Trong ca hai trudong hop [SacNa] = 1 M va
[SacNa] = 2 M, cén st dung monome véi ndng
do 16n hon 0,3 M dé dat két qua tot hon hén.
Tuy nhién t6t nhéit nén dung [Py] = 0,5 M.

Dai v6i truong hop [SacNa] = 1 M, can st



dung dong 4p dat ¢ khoang gia tri cao, tur 6
mA/cm® trd 1én. Nguoc lai, d6i véi trudng hop
[SacNa] = 2 M mang PPy bao vé tot nhat lai
dugc ch€ tao v6i dong &p dat thap, 1 mA/cm’.
Nhu vay st dung dung dich [SacNa] = 1 M dé
ché€ tao mang c6 1gi hon nhiéu, vira ti€t kiém
héa chat, vira giam ddng ké thoi gian tao mang
(khoang 10 lan).

So sanh két qua thu dugc tir hai moi truong
axit va trung tinh ta thay tuy mang PPy ch€ tao
tr moi truong trung tinh x6p hon nhi¢u nhung
kha nang chéng an mon van cao hon. Thai gian
bao vé dat cao nhat 1a 2 tuan trong truong hop
[SacNa] = 1 M, [Py] =0,5 M, j = 8 mA/cm®. Két
qua thr nghiém trén dién cuc sat (do sach
99,99%), thoi gian bao vé dat duoc la gan 3
thang.

IV - KET LUAN

Chiing t6i da nghién cu qud trinh téng hgp
truc ti€p mang polypyrrol dién héa 1én nén thép
cacbon bing phuong phdp 4p dong khong doi
trong moi trudong axit salicylic va salicylat natri.
K&t qua cho thdy mang PPy ch€ tao dugc rat
doéng nhat va bam dinh rat tot 1én bé mat kim
loai. Tuy nhién hinh théi cau tric cla ching rat
khac nhau: moi trudong axit tao ra mang PPy c6
cdu tric lién tuc, phang nhén, trong khi moi
trudng trung tinh tao ra mang PPy c6 céu tric
dang hat, mang x6p hon nhiéu.

Kha nang bao vé chong an mon trong moi
truong clorua cua mang PPy dugc nghién ciu
danh gia biang phuong phdp do dién th€ mach ho
theo thoi gian. Cac két qua cho thdy thoi gian
bao vé phu thuoc nhiéu vao diéu kién tong hop
nhu pH moi truong, gia tri dong dp dat, nong do
monome, néng do mu6i dién ly. Mang PPy t6ng
hgp trong moi truong axit c6 kha nang bao vé
tot nhat 1a 1 tudn, trong moi trudng trung tinh la
2 tuan. Két qua thu duoc doi v6i nén sit tinh

khiét (d6 sach 99,99%) thoi gian bao vé 1a gan 3
thang. Nhu vy st dung salicylat 1am ion d6i c6
thé ché€ tao mang PPy c6 kha niang bao vé s,
thép dac biét tot.
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