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Toém tat - Polymer dan dién rat dwoc quan tdm nghién clru trong
thoi gian gan day do nhitng tinh chat dac biét cta chang.
Polypyrrole (PPy) 1a mét trong nhitng polymer dan dién c6 do bén,
dd dan dién cao. Anion déi hay anion pha tap trong polymer dong
vai trd quan trong trong bdo vé kim loai ciia mang polymer. Trong
nghién ctru nay, anion T|F62 dwoc pha tap vao polypyrrole béng
phu@ng phéap dién héa. Phé tbng tré dién hoa cho thdy anion nay
c6 thé di chuyén ra khdi mang polymer trong qua trinh khir va
khéng phu thudc kich thwéc cation trong dung dich. Thi nghiém
quét thé Kelvin cho thay anion TiFs® c6 kha néng cai thién do bam
dinh mang polymer trén nén dién cuc Au/ thay tinh. Két qua phan
tich XPS cho thay tai diém boc tach, lwgng Ti trong PPy it hon so
Vi vi tri khac do da di chuyén ra kh0| mang. Béng cach trao ddi
anion pha tap, mang polypyrrole pha tap bang TiF¢* da dwoc pha
Ién nén thép thwdng. Kha ndng tw bdo vé &n mon clia mang duoc
thé hién qua thi nghiém do thé hé mach.

Tir khéa - polypyrrole; haxafluorotitanate; trao déi anion; tw bao
vé, béc tach mang.

1. D3t vén d@é

Polypyrrole (PPy) dugc biét 1a mot polymer dan dién
¢6 do bén trong méi trudng, tinh chat dan dién t6t. Nhiéu
Ung dung cua loai PPy dugc nghién ctru va mo rong kha
nang Ung dung trong céng nghiép. Diéu kién tong hop, cdu
trac 1a nhitng thong sd quan trong anh hudng dén tinh chat
cua PPy [1].

Nhiéu tac gia cho ring, d6 dan cia PPy bi anh hudng
boi loai anion dugc pha tap trong polymer. Anion pha tap
vao polymer s€ tuong tac tinh dién véi cac tam tich dién
trén mach polymer. Vi vay, tinh chit oxi hoa khir dan dén
kha ning bao vé ctia mang c6 thé diéu khién bang sy di
chuyén vao ra cta anion. Cac tng dung ciing dugc mo
rong hon.

Chon lya dung loai anion pha tap 1a hét stc can thiét,
¢6 thé cai thién mot vai tinh chit cua PPy. Anion oxalate,
molybdate dugc biét 1a nhitng anion c6 tinh trc ché an mon
thép, do vay khi dugc pha tap trong PPy co thé cai thién
tinh bao vé cho mang. Co ché tu bao vé kim loai c6 thé
dung véi cac loai anion nay khi st dung PPy lam 16p phu
bao vé kim loai. Kha ning bi boc tich mang ciing thay d6i
theo loai anion [2, 3].

Mic du nhiéu cong trinh thao luan cac phuong phap tao
mang voi cac loai anion khac nhau, st dung cac anion
thuong gap nhu oxalate, molybdate. Nhung nghién ctru anh
huong ctia anion nhu TiFe>, van chua dugc nhiéu. Cac thi
nghiém khao sat so bd ban dau cho két qua kha quan.

Bai bio nay trinh bay cac két qua thu dugce voi mang
PPy dugc pha tap bang anion TiF¢>. PPy dugc két tiia dién
hoa trén dién cuc Au/ thuy tinh dé nghién ctru kha ning boc
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known as stable and high conductivity polymer. Counter-ion or
dopant anion has played an important role for corrosion protection
of polymer. In this study hexafluorotitanate anion (TiFs*) has been
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tach mang. Bang phuong phéap trao doi anion mang PPy
dugc tao ra thanh cong trén nén thép thuong. Sy c6 mit clia
TiF¢® da gop phan cai thién kha ning chong dn mon cua
mang PPy trén nén thép thuong.

2. Thue nghiém

Mang PPy pha tap boi anion TiFs> (PPy/TiF¢) bang
phuong phap dién hoa trong dung dich chira 0,1 M monomer
pyrrole, & nhiét d6 phong. Binh dién phan gém 3 dién cuc:
dién cuc lam viéc 1a dién cyc Au/ thiy tinh véi dién tich
lcm?, dién cuc so sanh calomen (SCE), dién cuc dbi1a dién
cuc thép khong gi. Monomer pyrrole duoc cung cép tir hing
Aldrich 98%, bao quan lanh & 4°C. Sau khi tong hop, miu
PPy duoc rua sach trong nude cét, sdy kho trong dong khi
H,. Mang thu dugc c¢6 d§ day khoang 150 micromet.

Phd tong tré dién hoa dugc do trén thiét bi IM6
Impedance cua Zahner Elektrik (CHLB D). Dai tan sb tir
100 kHz dén 0,1 Hz. Mang PPy/TiFe> bi khir tir dién thé
+0,1 V dén -1V trong dung dich (C4Ho)sNBr 0,1M, thoi
gian chd & mdi gia tri dién thé khir 1a 10 phut.

Thép thudng véi dién tich 4cm? duge danh bong béng
gidy nham loai 600, rdi 2000. Sau d6 rira sach bang ethanol
trong bé khudy siéu am.

Kha ning boc tach mang duge danh gia bang thiét bi
Scanning Kelvin Probe. Maiu duogc do trong do am 95%,
dung dich an mon tdch mang 1a KC1 0,1M. Sau khi mang
bi boc tach, mang duoc do phd quang electron (XPS) dé
phan tich ham lugng Ti c6 trén mau sau khi mang bi boc
tach. Cac thi nghiém nay tién hanh tai Vién Nghién ctru Sit
Dusseldorf, CHLB buc [4].
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3. Két qua va thao ludn

3.1. Tong hop dién héa mang PPy pha tap boi TiFs
Mang PPy dugc tong hop dién hoa bang phuong phap

ap dong khong doi 0,5 mA/cm? trong dung dich 0,1M

H,TiFs va 0,1M monomer pyrrole ¢ nhiét d ph(‘)ng, dién

cyc lam vi€c 1a Au/ thuy tinh. Buong cong thé - thoi gian

duoc thé hién trén Hinh 1.
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Hinh 1. Puong cong thé - thoi gian ciia qud trinh
polymer hoa dién hoa PPy trong dung dich H>TiFs
Trong thoi gian rat ngin, gan nhu ngay tic thoi, gia tri thé
dién cuc ting nhanh chong dén gia tri khong dbi. Py chinh
1a thé oxi hoa monomer pyrrole. Qué trinh tao mang c6 thé
nhin thiy bing mét thuong qua thay d6i mau séc cua dién cyc.
Mang dong nhét, khéng quan sat thiy vi tri bong troc nao. Cau
triic té vi cia mang c6 thé quan sat trén Hinh 2.
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Hinh 2. Céu triic té vi ciia mang PPy/TiF s

3.2. Phé tong tré dién héa

Kha ning di chuyén ra khoi mang PPy cua anion :l"ifsz'
trong qué trinh khir duge danh gia bang thi nghiém pho tong
tr¢ dién hoa. Pho dugc ghi trong cac dung dich ¢6 loai cation
16 (cation trong mudi (C4Ho)4NBr) va nho (cation trong muoi
KCIl). Thé dién cuc dugc thay déi tr -0,1V dén +}V (so voi
dién cuc calomen SCE). Sy thay doi dién dung va tong tr¢ cua
mang trong qua trinh khir dugce thé hién trén Hinh 3. Céc gia
tri nay thu duoc sau kl“li tién hanh ghép s6 liéu vao m6t md
hinh vt 1y, thuc hién bang phan mém ctia may do.

Két qué trén Hinh 3 cho thdy, khi mang bi khir dién hoa
trong ca hai dung dich, anion c6 thé di chuyén dugc ra khoi

mang. Piéu nay duoc thé hién qua dién tré cua mang
polymer Rpy tang dan, dong thoi voi dién dung mang Cem
(6 ving tan sb cao) giam dan. Anion TiFs> di chuyén ra
khoi mang duong nhu khong phu thuge do linh dong cua
cation trong dung dich [3, 4].
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Hinh 3. Su thay déi dién tré- mang (@) va dién dung (0J) ciia mang
PPy/TiF§ trong hai dung dich (C4Hy)NBr (a) va KCI (b)

3.3. Khd ndng boc tach mang

Kha ndng boc tdich mang dugc nghién ciru qua thi
nghiém quét thé Kelvin trong dung dich KCI 0,1M. Mang
PPy dugc phu trén dién cuc Au/ thuy tinh. B9 boc tach
mang theo thdi gian duoc biéu dién trén Hinh 4.
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Hinh 4. Téc dg tach mang PPy trong dung dich KCI 0,1M
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Ban dﬁu, mang con bam dinh rat tdt voi nén kim loai
nén chua xdy ra hién tuong béc mang do cac phan tng
cathode. Thé dién cuc do duogc ndm & vung dién thé duong,
chinh 1a dién thé oxi hoa khir ciia PPy. Theo thoi gian, qua
trinh boc mang xdy ra, khoang cach tich mang 16n dan 1én.
Tuy nhién, sau 15 gio thi nghiém, vung tach mang chi
khoang 250 micromet. So voi cac mang PPy pha tap
molybdate, téc do nay nho hon nhiéu [4]. Su c6 mit TiFe>
da cai thién kha nang boc tach mang khi phan cuc dién hoa.

Sau khi boéc tach, mang dugc guri di xac dinh lugng
nguyén t& Ti con lai trong mang bang phép do XPS. Pho
XPS dugc thé hién trén Hinh 5.
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Hinh 5. Ph6 XPS xdc dinh Ti trong mang PPy 1) mdng
PPy/TiFs; 2) 6 cach xa diém béc tach; 3) tai diém boc tach
Két qua XPS cho thiy néng dd Ti tai diém boc tach
mang nhé hon ¢ vung khéc. Dleu nay cho thay, TiF¢> da
di chuyén ra khoi mang nén ndng do Ti thip hon & cac vi
tri khac.

3.4. Tao mang PPy/T iFs> trén thép thuwong

Sau nhiéu c6 gang tao mang PPy/TiF¢* béng phuong
phap dién hoa tryc tiép 1én nén thép, mang van khong thé
tao ra dugc. Qua trinh hoa tan thép qua nhanh da ngén can
PPy tao thanh mang trén nén thép.

Phuong phap trao doi anion co thé dua anion TiF¢* vao
trong mang PPy phu truc tiép trén nén thép thuong. Qua
trinh trao d6i anion duoc thyc hién theo ting budc ké tlep
nhau: 1) Tao mang PPy pha tap bang molybdate truc tiép
trén nén thép [2]; 2) Mang bi khtr (phan cuc cathode) trong

dung dich (C4Ho)4NBr 0,1M dé dudi cac anion molybdate
trong mang ra bén ngoai; 3) Mang duogc oxi hoa trong dung
dich H>TiFs 0,1M trong 10 phut ¢ dién thé +0,4V; 4) Mang
rira sach bang nudc cit va do tong trd dién hoa.
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Hinh 6. Su thay giéi 16ng tré ciia mang 1) PPy pha tap
molybdate trén nén thép, 2) Mang PPy ¢ trang thdi khu,
3) Mang PPy sau khi oxi héa tro lai.

Suw thay doi goc pha twong ung la cac dwong 1°, 2’ va 3’

Trén Hinh 6 1a sy thay d6i tong tr ciia mang & céc trang
thai: ban dau; sau khi khir mang va sau khi oxi hoa tr¢ lai.
Ban dau mang c6 d¢ dan dién cao nén tong tro rat thap chi
50 Q (dudng cong 1) Sau khi khtr dién tré mang tang dén
10 KQ, mang chuyen sang trang thai khong dan dién. Tiép
tuc oxi hoa, do dan dién cua mang dugc cai thién tr lai
(téng tré khoang 200 Q). Két qua trén Hinh 6 ciing cho
thdy, goc pha trong ving tan s6 tir 10 Hz dén 100Hz ciing
bién ddi twong tng, goc léch pha tang khi dién tré mang
Rpm tang, giam khi Rpm gidam. Goc 1éch pha ¢ day chinh la
léch pha cua dong dién va dién thé ap dat vao hé dang
nghién ctru, goc 1éch pha nhé (gan bang 0) hé polymer
twong dwong chi v6i mot dién trg thuan. Khi dién tro ting
cao, do dan cua mang kém, goc pha s& chuyén din vé phia
am hon, hé s€ tuong duong véi mot dién tré va mat tu dién
nbi song song nhau va khi dat -90° hay —n/2 hé s& tuong
duong véi mot tu dién. Mang polymer s& khong dan dién
trong ving tan sb nay [2].

Nhu vy bang cach trao d6i anion, mang PPy trén nén
thép thuong da duoc pha tap bdi TiF¢* va do bam dinh cua
mang van con tot [2, 3].

3.5. Thé hé mach ciia mang trong NaCl

Sau khi trao ddi anion, mang PPy trén nén thép thudng
dugc pha tap boi anion TiFe* do thé ho mach trong dung
dich NaCl 0,1M. Két qua dugc thé hién trén Hinh 7.

Ngay ban dﬁu, thé dién cuc cua mang giam manh. Thé
duy tri § -0,1 V trong mdt khoang thoi gian (khoang 1 gio).
Sau d6 tiép tuc giam va dao dong & ving thé -0,3V trong
thoi 2 gio nita. Thé giam nhe va duy tri trong mot khoang
thoi gian nita sau khi giam dén thé an mon cua thép thuong.
Mang PPy khong thé tiép tuc bao vé nén thép nira.

Nhu vay, sy dao dong 6n dinh cua thé dién cuc cho théiy
qua trinh thu dong - pha thy dong kim loai xay ra lién tyc.
Anion TiF¢* c6 thé da tham gia vao qua trinh nay (sau khi
di chuyén ra khoi mang), gop phan kéo dai thoi gian thy
dong cho nén thép thuong.
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Hinh 7. Puong cong thé - thoi gian ciia mang PPy pha tap
bang TiF¢* trong dung dich NaCl 0,1M

4. Két luan

Mang PPy dugc pha tap boi anion TiFe> trong dung
dich H,TiFs 0,1M bang phuong phap dién hoéa. Anion
TiFe> du linh dong dé di chuyén vao - ra khoi mang bang
qua trinh oxi hoa - khr.

Phd tdng trd dién hoa cho thiy su di chuyén ra khoi
mang cia anion TiFe> da lam thay d6i dién tré va dién dung
cua mang.

Béng cach khir va oxi hoa lién tiép, cac anion pha tap
trong mang dugc trao ddi, mang PPy c6 thé phu trén nén
thép thuong bang phuong phap dién hoéa cho du thép
thudng hoa tan kha nhanh khi phan cuc anode.
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