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ANH HUGNG CUA ION BOI PHA TAP BPEN KHA NANG BAO VE
CHONG AN MON CUA LGP PHU EPOXI CHUA POLYPYROL
DAN DIEN
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Vién Ky thudt nhiét doi, Vién Khoa hoc va Cong nghé Viét Nam

SUMMARY

The conducting polypyrrole doped by thee different dopant (dodecylbenzensulfonic acid,
aminotrimethylene phosphonic acid and molydate) was prepared by chemical oxidative method
using ammoniumpersulphate. The polymer obtained was characterized by SEM, TEM and Raman
spectra. The polymer was dispersed in epoxi resin and the corrosion protection property of the
coating for steel has been evaluated by open circuit potential measurements and EIS. The result of
corrosion test showed that Ppy had a posibility of adherence improvement of the epoxi coating
and can self-heal by supply of its positive charge and couter-ions dopant at corrosion metal
possitions. So the epoxi coating in the presence of Ppy had protection time more durable than the

coating without Ppy.

- MG DAU

Polyme dan néi chung va polypyrol (Ppy)
nodi riéng dang dugc nghién ciu rat rong rai vi
cdc dac tinh quang, 1y, hod va dién cling nhu
kha nang tng dung rong rdi cua né. Bao vé
chong an mon kim loai 1a mot trong cic nghién
cltu ing dung c6 trién vong. Bang phuong phép
dién ho4, polyme dan c6 thé duogc tong hop truc
ti€p trén bé mat kim loai, cho phép tao ra cic
16p pht 16t c6 d6 bam dinh cao va bao vé kim
loai t6t, c6 kha nang thay th€ cho céac 16p phu 16t
cromat doc hai [1, 2]. VGi mong mudn don gian
hod qud trinh tao mang vé va mé& rong pham vi
ting dung, cic polyme din da duoc téng hop
bing phuong phdp hod hoc ton tai dudi dang bot
min, dugc phéi tron véi son phu hitu co tao cac
16p phu 16t ¢6 kha nang tc ché€ chong an mon
cho kim loai [3 - 5].

Quan diém vé co ché bao vé chong an mon
nho polyme dan rdt khdc nhau, tuy thudc vao
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trang thdi oxi hda khir cling nhu cac ion déi pha
tap trong polyme, nhung khong nim ngoai 4 co
ché sau: (i) Bao vé che chan: d6i véi cdc polyme
dan ¢ trang thdi khi, kém déan dién. (ii) Bao vé
anot: cdc polyme dan thuong cé dién thé mach
h& duong hon nhiéu so véi dién thé ctia kim loai
nén déng vai tro 16p phu anoét. (iii) Bao vé
galvanic: truong hop nay tuong tng véi cac
polyme dan & trang théi oxi hod, khi cé hién
tuong an mon xay ra, polyme cé kha nang tu
cung cap dién tich duong va gitt cho kim loai &
trang thdi thu dong. (iv) Bao vé tc ché: khi qua
trinh an mon xay ra, polyme bi khir va céc ion
doi pha tap trong polyme c6 kha ning tic ché an
mon dugc giai phéng va lam cham qua trinh an
mon kim loai tai cdc vi tri dang bi an mon.
Trong khuon khé bai b4o nay, ching toi nghién
ctru anh hudng clia cac ion dai pha tap trong Ppy
duoc téng hop bing phuong phdp hod hoc dén
kha nang bao vé chdng an mon cia 16p phu
epoxi chita Ppy tao thanh.



I - PIEU KIEN THUC NGHIEM

Ppy dugc tong hop bing phuong phdp hoa
hoc v6i tdc nhan oxi hod la amoni persulfat
(APS) trong dung dich chia pyrol va chit pha
tap. C4c chit pha tap dung trong nghién ctu nay
la dodecylbenzen sulfonic axit (DBSA), amino
tris-methylen phosphonic (ATMP) va molidat
(MoO,?). Bot Ppy tao thanh dugc tdch ra khoi
dung dich nho li tam, rira nhiéu 14n bang nudc
cét va sdy nhe & 40°C trong tu siy chan khong.

Ppy sau khi téng hop dugc phoi tron véi
epoxi X75 va chat déng rin PAS53 (san phdm
cta Théi Lan) va tao mang phu trén bé mat thép
cacbon thap bang phuong phdp spin-coating trén
thi€t bi Filmfuge paint spinner Refl110N
(Sheen-UK). Dé danh gia hiéu qua bao vé cua
16p pht 16t chita Ppy, bén ngoai chiing t6i phu
thém mot mang epoxi dugc tao trong cung diéu
kién nhung ving mat Ppy. Hé 16p phu c6 chiéu
day t6ng 1a 30 pum.

Hinh thai hoc bé mat ctia bot Ppy tao thanh
duoc phan tich nhd kinh hién vi dién tr quét
(SEM) trén thiét bi Leica Stereoscan 440 va kinh
hién vi dién ti truyén qua (TEM) trén thiét bi

200kV Joel. Trang thai oxi hoa khu cua Ppy
dugc x4c dinh bing phé Raman, sit dung buéc
song He-Ne mau dé (A = 632 nm).

Céc phép do dién hod dugc thuc hién trong
binh dién hoa hé 3 dién cuc. Pién cuc doi: ludi
platin, dién cuc so sdnh: calomen bdao hoa KCIl
va dién cuc lam viéc la thép cacbon hoac thép
cacbon dugc pht epoxi chita Ppy.

Do bam dinh cta 16p phu dugc xac dinh
bang phuong phdp ké vach, theo tiéu chuin
ASTM D3359.

III - KET QUA VA THAO LUAN

1. Pac tinh dién hoa cua kim loai nén trong
dung dich chia chat pha tap

Ton d6i pha tap trong Ppy dan la mot trong
cdc yéu t6 rat quan trong quyét dinh cdc tinh
chat co 1y hod ciing nhu co ché€ bao vé chong an
mon cua Ppy tao thanh. Hinh 1 gidi thiéu dudng
cong phan cuc dang Tafel cta thép trong dung
dich NaCl c¢é mat cac ion DBSA, ATMP va
MoO,>.
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Hinh I: Dudng cong phan cuc Tafel clia thép trong dung dich
NaCl chita DBSA 0,001M, ATMP 1,5.10*M va MoO,” 0,035 M

Cic két qua thu duoc da chi ra ring, su c6 mat clia cdc ion DBSA, ATMP va MoO,” trong
dung dich da c6 tdc dung lam dich chuyén dién thé an mon vé phia duong hon va dong an mon gidm
s0 vGi trudong hgp thép nhiing trong NaCl vang mat cdc ion nay (bang 1).
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Bdng I: Dién th€ an mon (E,,,) va mat do dong an mon (I,,,) cla st trong cac dung dich khao sat

Dung dich E.. (V/SCE) Lo (A/cm?)
NaCl 0,5M -0,597 9,632.10°
NaCl 0,5M + DBSA 0,001M -0,417 1,195.10°
NaCl 0,5M + ATMP 1,5.10*M -0,480 4,391.10°
NaCl 0,5M + MoO,* 0,035M -0,403 3,267.10°

2. Pac tinh cua Ppy tao thanh
a) Hinh thai hoc bé mdt

Ciac polyme dan sau khi tong hop hod hoc dugc nghién ciu hinh thdi hoc bé mat nho SEM
va TEM (hinh 2).

Ppy/DBSA Ppy/ATMP Ppy/MoO,

Hinh 2: Hinh thdi hoc bé mat clia cdc Ppy

Nhin chung, trén anh SEM cac Ppy tao thanh c6 hinh thdi hoc bé mat rat khac nhau. DBSA
la chat hoat dong bé mat, khi déng vai trd nhu ion déi trong Ppy thudng tao ra polyme c6 dang dam,
khong c6 hinh déng x4c dinh. Trong khi d6 cdc ion d6i ATMP va MoO, cho Ppy c6 céu triic dang
hat nhu sdp-lo, day 1a céu tric dac trung dién hinh cta Ppy.

Anh TEM cho thay Ppy téng hop véi céc chét pha tap khac nhau (DBSA, ATMP va MoO,?)
¢6 kich thudc khong dong nhét ¢d vai tram nm.

b) Phé Raman

Dé danh gia mitc do oxi hoa clia céc bot Ppy sau khi tong hop, ching t6i da st dung phuong

phdp phé Raman.
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Bdng 2: C4c dao dong tuong ting véi cdc dai phd Raman cuia Ppy [6]

S6 séng (cm™)
Ban chit ctia cdc dao dong tuong Gng
Trang thdi khur Trang thdi oxi hoa
1567 1615 Cht yéu la dao dong dan dai cta lién két C,C
C-C Cc=C gifra cac vong pyrol
1416 1412 Dao dong dan dai cta lién két C-N
1316 1320 Dao dong hdn hop cua lién két C-C trong vong
pyrol va giita cdc vong.
1252 1250 Dao dong bién dang lién két N-H
1045 1050 Dao dong bién dang lién két C-H
988, 933 930 Dao dong bién dang ctia vong

Su bién d6i cau tric ctia Ppy khi chuyén tir trang théi oxi hod sang trang thai khir duoc dic
trung bai vi tri va cuong do tuong doi cla cac pic tng véi cac dao dong trong mach polyme nhu

trong bang 2.

Cuong do raman (a.u)

T T
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Hinh 3: Phé Raman ctia cdc Ppy pha tap DBSA (1), ATMP (2) va MoO,” (3)

Nhin chung sau khi tong hop, dai phé
Raman dugc dac trung bdi cdc s6 séng 1590,
1335, 1252, 1053 va 933 cm’ {ing vé6i Ppy &
trang thdi oxi hod mot phan. Cac Ppy dugc pha
tap vGi cdc cdc ion do6i khac nhau khong c6 su
thay d6i ro rang vé trang thai din dién trén phd
Raman.

3. Kha nang bao vé chéng an mon cua lép
phu epoxi chita Ppy

a) Thit nghiém bdam dinh

D6 bam dinh cta 16p pht dugc xdc dinh
bing phuong phap ké vach. Quan sdt bé mat
mau va qua dé danh gid duoc do bam dinh cta
16p phtt nhu biéu dién trén bang 3.

Céc két qua thu dugc chi ra rang 16p phu
epoxi vang mat polyme dan bam dinh tuong doi
tot v6i bé mat kim loai nén, tuong tng véi do
bam dinh 3B. Trong khi d6, khi b6 sung Ppy da
lam tang do bam dinh cua 16p phu, tuong tng
v6i do bam dinh 4B va duong nhu cic anion doi
ATMP va MoO,” trong Ppy cho d6 bam dinh
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cao hon so véi anion d6i DBSA. Diéu nay hira
hen tang kha ning bao vé chong an mon cua 16p
phtt hitu co chita polyme dan dién.

c) Tong trd dién hod

Téng tr& dién hod duoc thuc hién trong dung
dich NaCl 3% do tai dién thé mach hd trong dai
tan s6 100 kHz dén 10 mHz.

Bdng 3: Do bam dinh ctia 16p pht x4c dinh theo tiéu chuan ASTM D3359

Mau son Dién tich bong tréc xung quanh vét cat b6 bam dinh
Epoxy 6-7%, bong troc doc theo vét cit. 3B
Epoxy+Ppy/ATMP 1-2% bong tréc & giao cua 2 vét cit. 4B
Epoxy+Ppy/MoO, 1-2% bong tréc & giao cua 2 vét cit. 4B
Epoxi + Ppy/DBSA 4-5%, bong troc & giao clia 2 vét cat. 4B
Ppy/ATMP Poy/MoO 2
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Hinh 4: Su bién déi t6ng tr&d Nyquist theo thdi gian clia cdc miu epoxi chita Ppy véi cdc chat pha tap
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Su bién thién cdc phéd téng tré Nyquist theo
thoi gian ngdm mau cua cdc mau epoxi chia
Ppy c6 cdc chat pha tap khdc nhau dugc thé hién
trén hinh 5.

Nhin chung dang phé tdng tr& clia cic méu
son phu epoxi chita polyme dan déu c6 cic dac
diém chung: Tai cdc thoi diém dau tién, khi
dung dich dién ly chua khuéch tdn dén bé mat
kim loai, téng tr& dién héa bao gom mot dudng
gan nhu thing diing, mang dac tinh cla dién
dung thuan. Theo thoi gian, ¢ su khuéch tin
cta dung dich dién li qua 16p pht dén bé mat
kim loai, téng tr& gdm mot ban cung it nhiéu
xdc dinh & tan s6 cao trén gian d6 Nyquist, dic
trung cho dac tinh ctia 16p phu. Khi kim loai bi
in mon, ngoai bdn cung & tin s6 cao, téng trd
xudt hién thém ban cung & tin s6 thap dic trung
cho qu4 trinh chuyén dich dién tich dién ra trén
bé mat kim loai hoac xudt hién mot duong thing
c6 do doc xdp xi 45° tuong tng véi téng trd
khuéch tan.

Su bién thién gian d6 Nyquist theo thoi gian
ngam méau trong dung dich NaCl 3% da chi ra
ring, téng trd clia cdc 16p phli déu ¢6 xu huéng
giam dan theo thoi gian, thé hién su suy gidm
céc dac tinh ctia mang ciing nhu su phét trién
ctia qud trinh an mon trén bé mat kim loai

So sdnh vé6i 16p pht epoxi khong chida
polyme dan, tai cing thoi diém thir nghiém céc
16p phli chita polyme din déu c6 dién téng trd
cao hon, ching t6 kha nang bao vé chdéng an
mon hiéu qua hon.

DPé thu dugc thém cdc thong tin vé téng trd
dién hod, chiing toi xdc dinh dién tré 16p pht
Rm va dién dung Cm cua 16p phu tai ban cung &
tdn s6 cao trén gian do Nyquist. Méi thoi diém
do mau tuong ng véi gia tri dién thé mach ho
duoc biéu thi trén truc tung bén trai va cdc gia
tri dién tr¢ 16p phlt R, hodc dién dung C, cla
16p phu dugc biéu dién trén truc tung bén phai
(hinh 5).

Quan sat dién th€ mach héd cta céc 16p phu
epoxi chita polyme dén dién, chiing ta c6 thé thay
rit rd su thang gidng cua dién thé ching td kha
nang tu sta chita ctia cia polyme dan. Tai rat
nhiéu thoi diém khi qud trinh &n mon xay ra, dién
thé mach hd giam dén dién th€ an mon cta kim
loai (<-0,6 V/SCE), sau do lai tang lén. Két qua

nay da dugc nhom tic gia S. Syed Azim [4] giai
thich Ia do cdc san phdm an mon tao thanh bit
kin cdc ddy 16 x0p ctia 16p phu hoac polyme dan
¢6 mat trong 16p phu cung cdp dién tich duong
lam thu dong kim loai nén, dong thoi cdc ion
doi c6 kha nang tc ché chong an mon trong
polymer dan dugc giai phéng va ngan can qua
trinh an mon ti€p tuc xay ra. Sau hon 140 ngay
thir nghiém trong dung dich NaCl 3%, dién thé
mach hd clia céc 16p phu epoxi chita polyme dan
van gilt & gia tri duong hon so véi dién th€ an mon
cta kim loai. Trong khi d6, 16p phu epoxi vang
mat polyme dan c6 dién th€ mach hé dat dén gia
tri dién thé an mon cta thép chi sau 20 ngay thi
nghiém.

Su bién thién dién tré mang cua cac 16p phu
epoxi chita polyme trong khoang 10° dén 10°
Q.cm’ tuy thudoc vao trang théi cling nhu loai
polyme dan trong 16p phu. Gia tri nay khong cao
hon so véi gid tri dién trd cia cdc mang phi hitu
co ndi chung, nhung c6 diéu dac biét cua 16p
phti epoxi chita polyme dan la kha nang “tu stra
chita”: polyme dan déng vai trd nhu vat liéu
“thong minh”, chi cung cép dién tich duong
cling nhu cic ion doi tc ché khi kim loai cé yéu
cau (qud trinh an mon xay ra), do dé kéo dai
tudi tho cta I6p phi bao vé. Diéu nay dugc thé
hién ro nhit & su thing gidng cua R,, trong
truong hop 16p pht epoxi chita Ppy/DBSA, su
bién d6i nay hoan toan phit hop véi su bién déi
dién th€, ching to6 do tin cay cao cua cac két qua
thu duoc.

Bén canh dién tr& mang, dién dung mang
cling 1a mot dai luong quan trong ddnh gid kha
nang bao vé kim loai ciing nhu d6 suy giam chat
lugng mang theo thoi gian thir nghiém. Dién
dung cta cédc 16p phu epoxi chita va khong chia
polyme dan déu rat nhd (tir vai chuc dén vai
tram pF/cm?) thé hién duoc dic tinh che chin
ctia 16p pht epoxy. Quan sit su bién thién dién
dung theo thoi gian thr nghiém trong dung dich
NaCl 3% cho thay I6p phu epoxi vang mat
polyme dan c6 dién dung tang dan thé hién su
suy giam cta I6p phu theo thoi gian. Ngugc lai,
d6i véi cac 16p pht epoxi chita polyme dan, dién
dung ¢6 xu huéng giam nhe theo thoi gian. Diéu
nay dugc giai thich 1a do khi dung dich dién ly
khuéch tin dén bé mat kim loai gady an mon,
polyme dan cung cap cic dién tich duong
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va cdc ion d6i tc ché tai cidc diém dn mon, san
phdm clia qud trinh nay thudng bén, khong tan
c6 kha nang bit cdc 16 dan dung dich, do d6 16p
phti c6 cdu tric sit chat hon, dién dung cuta 16p
pht giam.

KET LUAN

Céc bot Ppy v6i cdc ion pha tap khiac nhau
téng hop bing phuong phip hod hoc dia duoc
dua vao trong 16p phu epoxi nham bao vé chong
an mon cho thép. Cic két qua tha nghiém an
mon da chi ra rang: Viéc dua mot ham lugng rat
nho Ppy vao epoxi da lam cai thién do bam dinh
va kha nang bao vé chdng an mon cua I6p phu.
Céc Ppy dugc tao thanh & trang thdi oxi hod,
duoc pha tap bdi cac ion c6 kha nang tc ché an
mon cho kim loai nén c6 kha niang tu stra chita
tai cdc vi tri kim loai bi an mon nh¢ viéc cung
cép cac dién tich duong clia polyme va cdc chit
pha tap tc ché qua trinh an mon kim loai, do dé
kim loai dugc bao vé lau dai hon. Trong ba chat
pha tap khao sit, DBSA cho kha nang tu sta
chita cao nhat. Cic két qua thu dugc md ra kha
nang tng dung thay thé cho céc 16p 16t ¢6 chira
cromat doc hai, gidm thi€u 6 nhiém moi

truong.
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