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KHA NANG BAO VE CHONG AN MON CUA LOP PHU LOT
EPOXY CHUA POLYPYROL
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Vién K3 thudt nhiét doi, Vién Khoa hoc va Céng nghé Viét Nam

SUMMARY

Conducting polymer electrodeposited base on Ppy and nano iron oxide have a possibility in
protecting the metal against corrosion by anodic galvanic mechanism, but this is difficult to apply
it in side or in a large surface of metals. In order to test in more realistic condition, powders of
Ppy and composite Ppyloxide obtained by chemical synthesis have been incorporated into an
epoxy to form primary coatings on the carbon steel. This paper presents some firsts results of
corrosion test obtained by electrochemical impedance method.

1- MG DAU

Polypyrol (Ppy) 1a mot trong ciac polyme
din dang dugc quan tam nghién citu nham bao
vé kim loai khéi &n mon, thay th& cho cdc 16p
pho 16t chita crom doc hai. Cic két qua nghién
ciu gin day da chi ra ring mang Ppy va
compozit Ppy/oxit sit dugc tong hop bang
phuong phap dién hod cho kha nang bao vé sat
thép rat 16t trong méi trudng chita ion clorua
theo co ché€ anot galvanic [I]. Tuy nhién,
phwrong phap nay chi cho phép tao duge cac 1op
phil bao vé ¢6 dién tich gi6i han va khong thé
thuc hién dugc & hién trudng. Nhim khac phuc
céc kh6 khan wén va m& rong khid nang img
dung cia polyme din, trong nghién cifu nay
ching t6i nghién ciu tdng hop cdc bot Ppy va
Ppy/oxit bang phuong phdp hod hoc va sit dung
nhu cdc chat phu gia &c ch& an mon trong 16p
phu 16t epoxy.

I - PIEU KIEN THUC NGHIEM
Ppy va Ppy/oxit dugc tdng hop bing cich

nho tir tir dung dich oxy héa amoni persulfat vao
dung dich chita pyrol va chit hoat dong bé mit
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dodecylbenzen sulfonat axit khéng cé va cé oxit
duéi tic dung ciia khudy tir & nhiét do 25°C.
Polyme dan két 1a duge tich khoi dung dich
nh& Li thm, rira sach nhiéu l4n bing nudc cat va
lam kho trong til sdy chan khéng & 40°C,

Oxit duge sir dung trong nghién citu nay 1a
a-Fe,0; va Fe 0, cé dang hat nhd, kich thudc
trung binh tuong tng 12 10 nm va 30 nm, 1a san
phim cha Aldrich.

Cic bot polyme dan sau khi tong hop duoc
quan st hinh thdi hoc bé mat bang kinh hién vi
dién tlr truyén qua 100-kV Jeol, duoc thuc hién
tai phong thi nghiém Bé mat va hé théng dién
hod, Dai hoc Paris 6, Cong hoa Phap.

Cac bot polyme din thu duge duge phan tan
véi ham lugng 3% (kh&i lugng) trong epoxy
X175 véi chat déng rdn A53 (san phdm cha Thai
Lan) va tao mang trén mu thép cacbon thip ¢é
kich thudc 3x4 (cmxcm) biang phuong phdp
spin-coating véi chiéu day trung binh 15 pm.
Ngoai ra, dé danh gid hidu qua bao vé anot
galvanic cia polyme dan trong 16p phl I6t,
ching t6i tao bén ngoai 16p phit ndy mot 16p phii
epoxy ciing chiéu day nhung ving mat polyme
dan.



Céc mau thép phi epoxy sau khi déng rén
hoin toan dugc dinh gid do bam dinh bang
phuong phdp ké vach theo tiéu chuin ASTM
D3359, 4o ngam nudc vd khd nang bio vé
chdng an mon bang cdch do 1dng tré dién hod
trén thiét bi Autolab dat tai Vien K§ thuat nhiét
déi trong he dién hod ba dién cuc véi dién cue
so sanh la calomel bio hod KCI, di¢n cyc doi la
Audi plalm va dién cuc lam viéc la méiu epoxy
phi trén nén thép c6 dién tich 1am vige la 7 cm®.

Do ngdm nude coa lép phit duge xdc dinh
thong qua su bién thién dién dung cha 16p phi
theo thdi gian ngam miu bang tong tré dién hod
tai tdn s¢ 20 kHz [2]. Khi l6p phu hiftu co ngdm
nuéc, hing s dién moi tong cla 16p phu s€ tang
lén tuan theo quan hé logarit nhu sau:

¢ 9 ¢

stpp.sww.aaa (IL.1)

Véi g, €, €,, £, lan lugt 12 hang s6 dién moi cua
lép phu, cta polyme clia nuéc va cua khong
khi. ¢ 12 thong s6 thé tich tuong mg.

Mat khdc, ta lai c¢é dién dung cla tu dién
phang dugc xdc dinh:

Cf=81.80.5/1

(11.2)

Véi gia thi€t 16p phi khong bi truong hay
phéng rot, tir phuong trinh (I1.1) va (IL.2), ching
ta ¢6 thé thu duoc cong thic Brasher va
Kingsbury vé do ngdm nudc:

= [100.log (CI/C1.0))/log(e..)

Trong d6 X,: Phdn tram thé tich nudc trong
polyme; Cg Dién dung 16p phi; C;: Dién dung
1dp phi khi chua ngadm nudc.

101 - KET QUA VA THAO LUAN

1. Hinh thai hoc cia Ppy va Ppy/oxit téng
hop bing phuong phip hoa hoc

Hinh thdi hoc bé mat cua cic bot Ppy va
Ppy/ox:t sat dugc quan sit bang kinh hlén vi
dién tir truyén qua (TEM) trén hinh 1. Khi ving
mit oxit, bot Ppy thu dugce ¢6 cdu tric hat, hinh
dang khong xdc dinh, voi kich thudc trung binh
khoing 200 - 500 nm. Trong dung dich tao
mang cé mat nano oxit sit, Ppy hinh thanh
dudmg nhir bac xung quanh cdc hat nano oxit tao
cdc hat composit Ppy/oxit kich thudc vai chuc
nano mét, nhd hon nhiéu so véi trudmg hop Ppy
vang mat oxit.

Ppy/a-Fe,(h

Ppy/Fe,0,

Hinh I: Hinh thai hoc bé mit ca cdc bot polyme dan dugc quan sit bang TEM

2. Pac tinh caa 16p phii 16t epoxy chira
polyme din

a) Pé bam dinh
o bam dinh coa 16p phi duge danh gid can

cit vao dién tich bong tréc xung quanh vél cit
nhu miéu ta trén hinh 2.

Tiéu chuin ASTM D3359 cho phép phan

loai mitc do badm dinh cha 16p phi nhu dugce
biéu dién trén bang 1.

Cic két qua thu dugc di chi ra ring, nhin
chung 16p phu epoxy ¢6 kha ning bim dinh
tuong déi t6t véi bé mat kim loai nén, khi ving
mat polyme dén, 16p pht c6 d6 baim dinh 3B.
Khi c6 mat Ppy c6 va khong ¢6 oxit sat, d6 bam
dinh cia 16p phi epoxy 1ang lén, tuong ng véi
d6 bam dinh 4B va dudng nhu su cé mat cia
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Fe,0; cho do bam dinh cao hon so véi Fe,0, va

cao hon so vdi 16p phu chita Ppy khong ¢6 oxit.

Epoxy Epoxy+Ppy Epoxy+Ppy/Fe,0, Epoxy+Ppy/Fe,O,
Hinh 2: B¢ mat cua 16p phi sau khi giat bang dinh
Bang I: Do bam dinh clia 16p phi 16t epoxy chita polyme din
Mau son Di¢n tich bong tréc xung quang vét cit Do bam dinh

Epoxy 6 - 7%, bong tréc doc theo vét cit 3B
Epoxy+Ppy 4 - 5%, bong tréc doc theo vét cat 4B
Epoxy+Ppy/a-Fe,0, 2 - 3%, bong tréc & giao diém clia hai vét cit 4B
Epoxy+Ppy/Fe,O, 3 - 4%, bong trée & giao diém cia hai vét cit 4B

b) D¢ ngdm nude cia lop phi

 Cdc két qui biéu dién phan tram thé tich

nudc trong 16p phu theo th&i gian ngdm mau
trong dung dich NaCl 3% dugc thé hién trén
hinh 3,

Cac két qua thu duge cho thdy tai cdc thdi
diém ddu ngam mau, lugng nudc ngdm tang
manh va dat gid tri bio hoa sau hon 1000 gidy,
tuong Ung vdi phin tram thé tich nudc trong 16p
phl 6 - 10%. Gia tri thu duge hoan toan phii hop
voi cac két qua ngdm nude cua 16p phit epoxy di
dugc cong bé [2]. Hinh 3 ciing chi ra ring su ¢6
mit clia polyme dan trong epoxy di tao ra céc
kénh dan dung dich, 1am tang hé s& khuéch tén
cla l6p phi do d6 dan dén lam ting do ngdm
nudc cua 1ép pha.

c) Téng tro dién hod

Hinh 4 biéu dién gidn d6 téng trd Nyquist
cua cdc 16p pht 161 epoxy chifa polyme dan trén
nén thép sau 3 gi ngam méu trong NaCl 3%,
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trong khodng tan s6 100 kHz - 10 mHz, tai dién
thé mach hd.

Nhin chung, gian d6 tong trd Nyquist cia
cdc 16p phu déu ¢6 dic diém chung, bao gém
mot bin cung & tdn sG cao dac trung cho di¢n
tr& mdng, t1ep d6 1a mot dudng thang cé do déc
x&p x1 45" & tan s6 thap dac trung cho qué trinh
khuéch tdn qua l6p phu Két qua do téng tro
hoan todn phi hgp véi két qua do dd ngdm nudc
& phin trén, nghia 12 su ¢6 mat clia polyme dan
dad 1am tdng dé dan cha 16p phi, 1am gldm dién
tré mang va giam kha nang che chin cia 16p
phil. Theo cc nghién citu [3] da cho thdy co ché
bdo vé clia polyme din néi chung va Ppy néi
rieng déu bao vé kim loai theo co ché anot
galvanic, tic 1a gilt cho kim loai & trang thdi thu
dong bing cich tu khir nhim cung cip cac dién
tich duong cho kim loai tai vi tri dang bj #n
mon. Do d6, d€ ¢6 thé danh gid kha nang bio vé
chéng an moén cua 16p phi 6t epoxy chuwa
polyme dan, h¢ 16p phil epoxy hai 16p véi 16p 1ot
la epoxy chita polyme din vi ldp phil ngoai 1a
epoxy cung thanh phan nhimg vang mit polyme



din di duoc tao trén nén thép va thir nghiém an
mén trong dung dich NaCl 3% nhd do tong trd
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3. Téng tro dién hoa cua hé 16p phi epoxy co
16p phu 16t chira polyme dan

Hinh 5 biéu dién su bién thién cla gian do
Nyquist ciia hé 16p phil epoxy theo thdl gian
ngam miu trong NaCl 3%.

Téng trd Nyquist c6 dang dac trung cho 16p
phii bao vé theo ca ché che chan, bao gém bin
cung thi nhit & tdn s cao dac trung cho dac
tinh 16p phi. Khi c6 sy khuéch tén cha dung
dich qua 16p phii d&én bé mat kim loai gdy an
mon, gian dé téng trd xust hién them mot bdn
cung & tin s6 thap dac trung cho qué trinh
chuyén dich dién tich trén bé mat kim loai.

Hinh 6 gi6i thiéu sy bién thién cla dién trd
mang va dién dung mang theo thoi gian ngam
mau dugc xdc dinh tir ban cung & tin s6 cao trén
gian dd Nyquist.

Nhin chung, d6i v6i 16p pha epoxy khong
chita polyme dén, dién tré mang gilf gid tr

dién hod theo thoi gian.
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Hinh 4: Téng trd Nyquist clia 16p 16p epoxy
chita polyme dan sau 3 gio ngadm méu trong
NaCl 3%

tuong d6i én dinh khodng 1 MQ.cm® va gian do
tng tré d xuat hién ban cung & tin s6 thap chi
sau | ngay thir nghiéem (Puong 1 - hinh 5).
Trong khi dé cdc 16p pht epoxy chifa polyme
dan trong 16p pha 161 ¢6 dién tr& mang rat 16n
hon va chua bi an modn sau hon 90 ngay thu
nghiém. Trong cdc 16p phi 16t chita polyme dan,
16p phii cé chiia Ppy/Fe,0, cho kha nang bao vé
cao hon ca, dién trd mang >100 MQ.cm® sau 90
ngay thit nghiém.

Su bién thién dién dung theo thoi gian thir
nghiém ciing cho cdc két qua dong nhét véi ket
qua téng tro. Dien dung cila cdc 16p phit déu c6
gid tri tuong d6i nho va én dinh trong khodng tur
1,5 - 2nF.cm? dac trung cho khé nang che chin
cta |6p phi. Sy tang nhe ciia dién dung theo thoi
gian thé hién sy suy giam cha 16p phu. Trong
cdc 16p phl khio sit, 16p phu chia Ppy/Te,0;
cho kha nang che chan t6t hon ci va rdt én dinh,
khong thay ddi theo thoi gian thir nghiém.
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IV - KET LUAN

Cic bot polyme din trén co s polypyrol va
cic polypyrol/oxn téng hop biang phuong phdp
hod hoc duoe sir dung nhu céc tic ché chong an
mon trong iép phit 16t epoxy da cho cdc két qua
ban ddu rat kha quan. Polyme din c6 kha néng
bao vé kim loai theo co ché anot galvanic, do do
vii mét 16p phu epoxy rat mong khoang 15 pm,
su ¢6 mat cta polyme din lam tang khi nang
din dién ciing nhu dé ngdm nudc cha 16p pho.
Tuy nhién khi sir dung lép phu nay nhir lofp 16t
trong hé phi epoxy thi di cai thién dang ké kha
nang bao vé chéng an mon kim loai cta 16p phi.

Trong céc polyme din khéo sét, polypyrol/Fe,0,
cho kha nang béo vé tot hon ca.
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