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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 (PFPy) film can be electrodeposited on carbon steel
surface in the agueous 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 abour 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.

- MO PAU

Tir nam 19835, sau phdt hién clia DeBerry vé
khda ning thu dong héa bé mit sit cha
polyanilin, cdc nha nghién cifu trong va ngoai
nudc dic biét quan tim t6i kha nang baoe vé kim
loai c¢ha polymer dan. Cung vdi thoi gian ngudi
ta tim duoc cdc diéu kién ché tao mang polyme
din (chl yéu 1a polyanilin, polypyrrole) bao vé
chéng an mon cho sit, thép mbi ngay mét hiéu
qua hon {1 - 10]. Tuy nhién van con nhiéu bat
cap do quy trinh tong hgp con twong déi phic
tap va khéd nang bao veé chua cao.

Nhitng nghién citu gdn day cha chiing toi vé
qud trinh tdng hop dién héa truc ti€p mang
polypyrrol (PPy) trén nén kém cho thay viéc su
dung ion salicylat lam chét kich hoat 10 ra rét
hiéu qua [9, 10]. Trong bai bao nay, ching toi
trinh bay tiép tuc ¢dc két qua nghién ciu g
dung ion d6i salicylat trong trudng hop kim loal
nén 1la thép cacbon: nghién ciu qud trinh
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polyme héa dién hoa va cdc tinh chat clia mang
PPy tao thanh, nhat 1a kha nang bao vé chéng an
mon trong moi trudng clorua.

I1 - THUC NGHIEM

Mang Polypyrrol dugc téng hop 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 sdnh
14 calomen bio hda (SCE), dién cuc déi 12 tAm
luéi platin.

Phuong phdp dién héa sit dung dé tdng hop
PPy la phuong phip dp dong khong déi.

Chét hoat héa sit dung la axit salicylic
(SacH) va salicylate natri (SacNa).

Kha nang bao vé cia mang PPy dugc nghién
ctru danh gid bang phuong phdp do dién thé
mach ho (E,) theo thot gian ngdm mau trong
dung dich NaCl 0,1 M.



Cdu trdc hinh thdi hoc cha vat liéu duoc
phan tich bang kinh hién vi dién tlr quét (SEM)
trén mdy JSM 5300-Jeol.

I - KET QUA VA THAO LUAN

1. Mang Polypyrrol téng hop trong moi
truong axit

a) Téng hop dién héa

Qua trinh polyme héa dién hoa pyrrol (Py)
duge thuc hién bing phuong phap idp dong
khong doi trong dung dich nudc ¢é chita SacH
0,01 M va Py 02M. Hinh 1 biéu dién cic
dudmg bi¢n thien dieén thé (E) theo thoi gian (1)
thu dugc trén dién cuc thép cacbon véi cic gid
tri dong 4p dat khic nhau.

Tir hinh 1 ta thay néu d4p mot dong dién véi
cudng do j = 1 mA/em® lén dién cuc thép, dién
thé E s€ tang 1én nhanh chdng tir gid trj dién thé
an mon cua thép tran (khoang -0,5 V theo SCE)
va giit 6n dinh & khoang -0,1 V. Gid tri nay qud
thap so véi dien thé oxy héa pyrrol (tir +0,6 V
theo SCE). Di¢u nay chiing to trén bé mat dién
cyc lam viéc chi ¢ qud trinh thu déong héa ma
khong ¢6 qua trinh polyme héa dién ra. Thuc t&
khéng ¢é mang polyme nio tao thanh trén bé
mét dién cuc. Trong cdc trudng hop j > 1
mA/em’®, gid tri dién thé én dinh clia dién cuc

lam viéc dat trén 0,8 V, chimg t6 qu4 trinh anot
héa pyrrol. Ta c¢é thé quan sit thiy mang
polypyrrol mau den, rdt bong va déng nhat phi
1én bé mat dién cuc. Chiing bim dinh rit 6t lén
bé mat thép, dé bam dinh dat 100% theo tiéu
chudn DIN 53151.
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Hinh I: Dudng bién thién dién thé theo
thii gian cia dién cuc thép trong dung
dich SacH 0,01 M + Py 0,2 M véi cdc gia
tri dong dp dat khac nhau

Hinh 2 trinh bay cdc anh SEM vdi do phéng
dai 1000 (a) va 20000 i4n (b) cha mang PPy ché
tao dugc trong moi trudong SacH. Ta thdy r6 rang
¢ day mang PPy lién tuc va rat ddong nhat.

Hinh 2: Anh SEM ciia mang PPy ché tao trong moi trudng SacH véi Q = 1C/cm?

Kha nang bao vé thép ctia cic mang PPy tao
thanh dugc dédnh gid bing phuong phép do dién
the¢ mach hd E,, theo thai gian ngam trong dung
dich NaCl 0,1 M. Hinh 3 trinh bay mét vi du
trong s8 két qua thu dwgc trong trudng hgp

mang PPy ché tao trong dung dich SacH 0,015
M + Py 0,3 M, j = 2 mA/cm®. Tir hinh 3 cho
thdy, dau tién E,, dat khoang 0,1 V, day chinh 12
gid tri dién thé can bang do phan ing oxi héa
khir cia mang dan PPy, rét cao so v6i B, cha
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thép tran. E,. sau dé giam nhanh xudng khoang
-0,2 V 16i lai ddn dén tdng lén trd vé gid tri dién
thé ban ddu. Hién tugng ndy c6 thé giai thich do
quéd trinh thu déng héa bé mat thép nho hoat
dong oxi héa khir clia polyme din (phuong trinh
1 va 2). Thoi gian bao vé chinh 14 khodng thoi
gian mang PPy c6 kha nang giit dién thé & gid
tri cao hon gid tri an mon cha thép trin, trong
trudng hop nay 1a 170h hay 7 ngay.

Phan @ng oxi héa khir ciia PPy thu dong héa
bé mat thép ¢6 thé dugc biéu dién nhwr sau:

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

PPy + (m/4) O, + (m/2) H,O >
PPy™ + mOH (2)
Dé khio sat anh hudng diéu kién téng hop
t¢i kha nang bao vé cia mang PPy, ching téi
thay déi néng dé monome va gid tri dong dp dat
trong khi gilt nguyén gid tri dién tich khong doi
Q = 1C/cm” (dé tao nhimg mang PPy cé chiéu
day bang nhau). Néng d¢ chat dién ly SacH giir
nguyén 1a 0,01 M vi kha nang tan trong nuéc
cua SacH rat thap. Két qua khao sdt thdi gian
bdo vé clia mang PPy tong hop duéi cic diéu
kién khdc¢ nhau duge trinh bay & bang 1.
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Hinh 3: Su thay déi E,, clia dién cuc thép phii
PPy theo thoi gian ngam trong NaCl 0,1 M.

Tir cdc két qua trinh bay trong bang | cho
thdy, img véi méi trudong hgp néng do monome
Khic nbau, gid tri j t6i uu ciing c6 thé khic
nhau, Trong trudmg hop [Py] = 0,2 M, mang PPy
c6 kha nang bao vé tot nhdt 1a 2h khi j = 2
mA/cm?®. Cling nhu vay d6i véi trudng hop [Py]
= 0,3 M, thoi gian bao vé rat cao: 7 ngay. Trong
khi d6 néu tang noéng d¢ Py ién 0,4 M, gid tri j
161 wu 13 4 mA/cm’® va thdi gian bao ve 12 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®
c6 kha nang bao vé thép tot nhat.

Bdng 1: Thoi gian bao vé ctia mang PPy (6ng hop trong méi trudng axit salicylic
Vi cdc thong s6 dién héa khac nhau

[Py] =02 M [Py]l=03 M [Pyl =0.4M
j=1mA/fem’ khong c6 mang 5h 1h
j=2mAfcm’ 2h 7 ngay 1 ngay
j=3mAfem’ 15 phut 5 ngay 6,5 ngay
j =4 mA/cm’ 10 phit | 1 ngay 2 ngay

Ming PPy tong hop trong méi truéng trung
tinh

Moi trudng trung tinh do ¢é d6 dan thap hon
moi trudng axit nén cin phai sit dung chat dién
ly v6i néng do cao hon, vi du 0,5 M. Trdi véi
axit salicylic, mudi salicylat natri (SacNa) hoa
tan rat 6t trong nude. Nong do Py lua chon la
0,3 M la n6éng do t61 uu trong trudng hgp SacH.
Hinh 4 biéu dién cdc dudng bién thién dién thé
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(E) theo thdi gian (t) thu duoce trén dién circ thép
cacbon trong dung dich nay vdi cic gia tri dong
dp dat khdc nhau.

Tir hinh 4 cho thdy, khic v& rudng hop
SacH, v6i cudng do dong dp dit j = 1 mA/em’ ta
ciing ¢6 thé thuc hién polyme héa pyrrol, & day
gid tri dién thé 6n dinh & khodng 0,5 V. D61 véi
cac truong hop j cao hon, gia tri dién th€ tang
nhe nhung thdp hon nhiéu so véi trudng hop



SacH. So sdnh vdi méi truong axit, mang PPy
tao thanh trong moi truong trung tinh ciing déng
nhdt va bam dinh rat t6t, tuy nhién bang mit
thudng 1a ciing ¢6 thé nhan thiy chiing x8p hon
nhiéu va kém béng rd rét. Mat khdc, trong khi
c6 thé téng hop mang PPy trong dung dich SacH
0,01 M, do6i véi méi trudng trung tinh SacNa
0,01 M qud trinh anot héa Py khong xay ra.
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Hinh 4: Budng bién thién dién thé theo thoi
gian cua dién cuc thép trong dung dich SacNa
0,5 M + Py 0,3 M vdi céc gid tri dong 4p dat
khic nhau

Hinh 5 trinh bay cdc anh SEM clia mang
PPy t6ng hop dugc trong méi trudmg SacNa véi
gia tri dién tich téng hop Q = 0,2 Cfem? (5a) va

Q =1 C/em’® (5b, 5¢). Ta nhan thdy trong trudng
hop nay mang PPy ciing rdt dong nhit. Tuy
nhién, khéc voi trudmg hop st dung SacH, ching
thé hién cdu tric hat ngay tir giai doan ddu cia
qud trinh tdng hop. Bing mat thudng ta ciing ¢6
thé quan sat dugc sy khdc nhau niay, mang PPy
ché tao trong moéi trudmg axit rdt min, bong, dic
xit. Trong khi & trudng hop méi trudmg trung
tinh mang PPy rat xdp, chic chan kha nang che
phit kém hon han trudng hop trén. Nhumg mot
diéu thi vi 1a trén thuc t& chiing lai bao vé thép
t6t hon han, dé 1y gidi diéu nay cdn cdc nghién
ctru phan tich sdu hon nita. Nh& phuong phdp
phin tich SEM ta cling ¢6 thé xdc dinh duoc
chiéu day cua mang PPy 1a khoang 5 pm (hinh
S¢).

Tuwong tu nhu trudng hgp moéi trudng axit, &
day ching t6i ciing tién hanh khao sit anh
hudng clia diéu kién téng hop (i thdi gian bao
vé cia mang PPy, Ndéng d¢ chdt dien ly SacNa
thay déi tit 0,5 téi 2 M, néng do monome Py
thay déi tir 0,3 t6i 0,7 M, gia tri dong dp dat
thay déi tir 1 dén 15 mA/cm?®. Luong dién tich
téng hop duge gilt nguyén 1a 1C/cm? trong moi
truong hop, chiéu day cdc mang cot nhu bang
nhau khoang 5 um (do bang SEM). Két qua
khao sit thoi gian bao vé clla mang PPy téng
hop duét cdc diéu kién khdc nhau duge trinh
bay & bang 2.

Bdng 2: Thési gian bdo vé clia mang PPy téng hop trong méi trudng trung tinh véi
cac thong s6 dién héa khic nhau

[SacNa] =0,5 M [SacNa]=1M [SacNa]=2M
JomAfem® ey TPyl | Pyl | Pyl | [Pyl | Pyl (Y] | [By]
6,3M 05M | 03M | O5M 07M | 03M | O5M | 0,7M
1 10 - - - - 2ngay | 12 ngdy | 9 ngay
2 15h 1h Lo lh - 12h 10 ngdy | 5 ngay
3 5h 12h 7h - - - 20h -
4 15’ ~ lh 1 ngay | 2ngay - - 12h -
6 - - 10h | 10 ngay | 3 ngay - 15 -
3 - - - 14 ngay | 10 ngay - - -
10 - - - 12 ngay | 12 ngay - - -
15 - - - 8ngay | 10 ngay - - -
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Hink 5: Anh SEM ciia mang PPy ché tao trong méi trudng SacNa
véi Q = 0,2 C/em? (a) va Q = 1C/em’(b.c)

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

D&i vai mbi trudng hop néng do SacNa va
Py khac nhau, gid tri j t6i uu ciing khic nhau.

Dé ché tao mang PPy c6 kha nang bao vé
t6t, can st dung chat dién ly v6i néng d¢ cao, 1
M hay tham chi 2 M. P6i véi truong hop
[SacNa] = 0,5 M, kha nidng bao vé clla mang
PPy rdt kém, c6 thé moi trudmg nay c6 do dan
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yéu, kha nang kich hoat (doping) polyme khong
d0 manh. V6i ndng do SacNa 0,01 M khong thé
thuc hién dugc quéd trinh anot héa Py, khéng
giong nhu SacH 0,01 M.

Trong cA hai trudng hop [SacNa] =.1 M va
[SacNa] = 2 M, cdn sit dung monome Véi nong
d6 16n hon 0,3 M dé dat két qua tSt hon hén.
Tuy nhién t6t nhét nén diing [Py] = 0,5 M.

D6i véi truong hop [SacNa] = 1 M, cén sur



dung dong dp dat & khoang gid tri cao, tr 6
mA/cm® trd 1én. Nguge lai, d6i véi trudng hop
[SacNa] = 2 M mang PPy bao vé t6t nhat lai
dugc ché tac véi dong dp dat thdp, 1 mA/em?.
Nhu vay sit dung dung dich [SacNa] = 1 M dé
ché tao mang c¢6 loi hon nhiéu, vira 1iét kiém
héa chat, vira giam ddng k€ thdi gian tao mang
(khoang 10 lan).

So sanh két qua thu duge tir hai moi trudng
axit va trung tinh ta thdy tuy mang PPy ché tao
tr moi trudng trung tinh x6p hon nhiéu nhung
kh4 nang chdng dan mon vin cao hon. Thai gian
bao v¢ dat cao nhat 12 2 wan trong trudng hop
[SacNa] =1 M, [Py] =0,5M, j = 8 mA/cm*. Két
qua thir nghiém trén dién cuc sit (d6 sach
99,99%), thon gian bao vé dat dugc la gan 3
thang.

IV - KET LUAN

Ching (o1 da nghién ciiu qué trinh téng hop
truc ti€p mang polypyrrol dién hda lén nén thép
cacbon biang phuong phdp dp dong khéng déi
trong mai trudng axit salicylic va salicylat natri,
Két qua cho thdy mang PPy ché tac duoc rat
dong nhat va bam dinh rat tét 1én bé mat kim
loai. Tuy nhién hinh thdi cau tric cla ching rat
khac nhau: méi trudng axit tao ra mang PPy cd
cdu tric lién tuc, phang nhén, trong khi méi
trudng trung tinh tao ra mang PPy cd cdu tric
dang hat, mang xp hon nhiéu.

Kha nang biao vé& chéng an mon trong moi
trugng clorua cla mang PPy duge nghién ciu
dinh gid bang phuong phap do dién thé mach hé
theo thoi gian. Cac két qua cho thdy thoi gian
bao vé phu thudc nhiéu vio diéu kién téng hop
nhu pH méi trudng, gid tri dong dp dit, néng do
monome, néng d¢ muéi dién ly. Mang PPy téng
hop trong moéi trudng axit ¢é kha nang bao vé
16t nhat 1a 1 tuén, trong moéi trudng trung tinh la
2 tudn. K&t qua thu duge déi véi nén sét tinh

khiét (d¢ sach 99,99%) thoi gian bao vé 1a gin 3
thing. Nhur vay sir dung salicylat lam ion déi ¢6
thé ché tao mang PPy ¢6 kha nang bao vé sit,
thép dic biét tot.
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