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COMPOZIT EPOXY/Ppy-y-Fe,0, BAO VE CHONG AN MON
KIM LOAI

DénToa soan 18-5-2006
NGUYEN THI LE HIEN', TRINH ANH TRUC!, V(I KE OANH', NGUYEN DANG PUCE
Vién K¥ thugt Nhiét doi, Vien KH&CN Viét Nam
*Pai hoc Thdi Nguyén

SUMMARY

The three particles of y-Fe,0,, Ppy and Ppy-oxit with very small sizes obtained by chemical
synthesis are incorporated in epoxy to form protective composite films on C13 steel. The result of
corrosion test show that these composite films can protect metal much better than epoxy films in
the same thickness. The y-Fe,0;o0xide has a posibility of adherence improvement of the films. Ppy
can self-heal by supply of its positive charge at corrosion metal possitions to maintain the metal
tn its passive state. So the presence of both y-Fe,0, oxide and Ppy in epoxy films give the best

protective result.

1- MG DAU

Polyme dan dién duge biét dén nhu mot 1op
phu andt, cé kha nang giit cho kim loai & trang
thdi thu dong. Cédc nghién ctu gin diy cla Vién
K¥ thuat Nhiét déi da chi ra rang mang Ppy va
nano-compozit Ppy/oxit d dugc t6ng hop bing
phuong phdp dién héa, ¢é do6 dan dién cao va
kha nang bao vé kim loai 5t trong méi trudng
chita ion clorua, ¢é kha nang sir dung 1am cic
16p phi 16t thay thé cho cédc 16p cromat trong hé
son phd, giam thiéu 6 nhiém moi trudng [1, 2].
V&1 mong muén md rong pham vi sir dung, Ppy
vd CAC nano-compozit trén co s& Ppy va oxit -
IFFe, O, di dugc tdng hop bang phuong phdp héa
hoc, phéi trén véi epoxy va phi trén bé mat kim
loai. Bai bdo nay trinh bay cdc két qua bao vé
chéng an mon kim loai dat dugc trén hé 16p phl
compozit epoxy/polyme dan dién Ppy tdng hop
bang phuong phap héa hoc ¢6 va khong ¢6 mit
y-Fe, 0.,

I1 - THUC NGHIEM

Oxit y-Fe,(0;, Ppy va Ppy/y-Fe,O, lan luot
duge téng hop bdi phuong phip héa hoc, phéi
tron véi epoxy va duge phun trén bé mit thép
C13, kich thudc 10x15 (cmxem). Trude khi phun
pht, cdc miu thép duge tdy ddu md, rira sach va
lau kho, sau d6 danh béng co hoc trén may mai
dén do min 600.

Dé 50 sdnh va ddnh gi4 hiéu qua bio veé cla
16p phu, ching t6i ti€n hanh nghién citu 4 xeri
mau;

- Epoxy (méu tréng): mang son gém epoxy
va dong ran.

- Epoxy/oxit: mang son gém epoxy, déng
rdn va 3% oxit y-Fe, O,

- Epoxy/Ppy: mang son gém epoxy, déng
rin va 3% Ppy.

- Epoxy/Ppy-oxit: mang son gém c¢6 epoxy,
déng rén va 3% Ppy/y-Fe, 0.

Phéan tich cdu tric va thanh phdn oxit va
polime dén dugc thyc hién trén kinh hién vi dién
1l truyén qua (TEM) 200 kV Joel, ¢é kha nang
chup anh nhiéu xa tia X va thiét bi ndy dugc
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ghép noi véi thiét b phan tich phd tin xa tia X
theo nang luong (EDX) tai phong thi nghi¢m Bé
mat va He thong dién hod, Dai hoc Paris 6,
Phip.

Kha néng bam dinh gifta 16p pht véi kim
loai nén duge ddnh gid nho thiét bi Adhesion
Tester Mode 525 (Erichsen). Thir nghiém an
mon dugc tién hanh tai Vien K¢ thuat Nhiét déi
trong tu mi mudi theo tiéu chuidn ASTM B117
Salt Spray va do téng tr& dién héa duoc tién
hanh trén thiét bi Autolab (Ha Lan), trong t& bao
dién héa h¢ ba dién cue vdi dién cue lam viéc 1a
mau son cén nghién cifu ¢6 dién tich lam viec
25,5 cm?, dién cuc déi 1a ludi platin ¢6 dién tich

7 & e
a. Anh TEM

bé mat 16n hon nhiéu so véi dién cuc lam viéc
va dién cuc so sanh 13 calomen bao hoa KCl.

II - KET QUA VA THAO LUAN

1. Chuan bi mau

a) Tong hop Ppy va Ppy!y-F e,0, bdng phitong
phdp héa hoc

Oxit y-Fe,O; sit dung trong nghién citu nay
la san pham duce tong hop trong phong thi
nghiém bang phuong phdp két tia héa hoc [3],
¢6 cdu tric hat hinh cdu, kich thudc trung binh
khoang 15 nm nhu mé ta wén hinh 1.

b. Anh nhiéu xa dien tit

Hinh I: Hinh thai hoc ca oxit y-Fe,0,

Ppy va nano Ppy/y-Fe,0, duoc téng hop
bang phuong phdp héa hoc trong dung dich
chita pyrol monome va chat pha tap
benzendodecylsulfonat (BDS) c6 va khéng ¢é

mm J—
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Hinh 2: Anh TEM ciia (a) Ppy va (b) Ppy/y-Fe,0,
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nano y-Fe,O, v6i tic nhan oxy héa (NH,),S,0,.
Céc polyme dan thu duge dusi dang bot min,
mau den dugc rita nhiéu ldn bing nudc cat va
tach khoi dung dich nhd quay ly tam.
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Hinh thai hoc cha polyme sau tong hop dugc
mo ta trén hinh 2. Khi ving mit oxit, cdc hat
Ppy hinh thanh ¢é hinh dang khong nhit dinh va
¢6 kich thudc ¢d um nhu duoc chi ra trén anh
TEM (hinh 2a). Trong dung dich ¢6 mit nano y-
Fe,0,, Ppy hinh thanh bao xung quanh cdc hat
nano-oxit y-Fe,O, hinh cdu tao cdc hat compozit
kich thudc nho ¢& vai chuc nano mét (hmh 2b),
nhé hon nhiéu so véi trudng hop Ppy ving mat
OXit.

Cac ket qua nghién cdu thanh phan nho pho
tin xa nang luong tia X da chi ra sir ¢c6 mat cla
Fe trong mau Ppy/oxit, mot lan nita khang dinh
s tham gta cua Fe,O, trong thanh phan clia
polyme. Trong cd hat trudng hgp mau Ppy ¢ va
khong c6é oxit déu xuat hién pic dac trung clia S
cho phép chi ra sy pha tap clia anion BDS trong
polyme.

b) Mdng compozit trén co so epoxy va polyme
ddn

Céac polyme dan thu duge duge phan tin
dong nhét trong epoxy va tao mang trén bé mat
thép bing phuong phip phun phu Cac két qua
thu duge dugc so sdnh v6i két qua miu tring va
miu compozit epoxy/y-Fe,0; trong cung diéu
kién tao mang véi ciing chiéu day 20 pm.

2. Kha nang bae vé chéng an mon clia mang
son

a) Thit nghiém bdam dinh

Kha ning bdm dinh cla 16p phii duge xdc
dinh bing cich din cic nim thep trén bé mat
16p phu va kéo cho dén khi cdc nim thép tich
rdi khoi bé mat kim loai. Luc kéo va dién tich
viing ]crp phl bi bong tréc (bing 1) cho phép
danh gid do bam dinh cla 16p phu.

Cic két qua thir nghiém bidm dinh da chi ra
viéc cho oxit sit vao trong thanh phdn cia
epoxy da tang déng ké d6 bam dinh cta 16p phil
$O Vi mang epoXy vang mat oxit, vdi luc kéo 5
N/mm’, toan bd bé mat 16p phi hoan toan khong
bi bong tréc. Trong khi d6 4nh hudng cila Ppy
din dén kha nang bdm dinh cia Iép phu chua
thét rd rang: V6i mot luc kéo 3 N/mm? di cho
phép kéo cdc nim thép ra khdi bé mat miu thir
nghi¢ém nhung dién tich viing 16p phl bi bong
troc lai nho hon nhiéu so v6i mang epoxy ving

mit Ppy.

Bdng I: Két qua thir nghiém bam dinh trén
thi€t bi Adhesion Tester mode 525

Mang son phl LI\IIJC ké(g, Dién I}'ch
/mm bong tréc, %
Epoxy 3,7 40
Epoxy/oxit 5 0
Epoxy/Ppy 3 10
Epoxy/Ppy-oxit 4 10

b) Thit nghiém mit muoi

D¢ giam thai gian thir nghiém, ciing nhur
nghi¢én ciu do bidm dinh va kha nang tu sira
chita cua cdc mang polyme tao thanh, cdc miu
son sau khi déng rdn hoan toan duoc rach theo
dudng chéo dén sdt bé mat kim loai va sau dé
thir nghiém an mon trong th mi mudi. Bé mat
mau theo thoi gian thir nghiém dugc mé ta nhur
tréen hinh 4. Trong diéu kién thit nghlem mi
muéi NaCl 5%, tai cdc vét rach khong c6 lép
son phu bdo v¢, kim loai bi an mdn manh. Khi
mang son bim dinh khong t6t, qué trinh khuéch
tan ion CI" du6i 16p phil xung quanh vét rach
dién ra nhanh, mang son bj bong tréc thé hién
boi ving an mon kim loai siu va toéng xung
quanh vét rach. Do d6, quan sit vi tri xung
quanh cdc vet rach, cling nhu cdc diém an mon
trén toan bo bé mat méu thir nghiém theo thoi
gian cho phép chiing ta danh gi4 do bam dinh va
kha nang bao vé cia 16p phi.

Quan sat tai vi tri cdc vét rach, cdc miu son
déu c6 hién tugng an mon. Tuy nhién mic do an
mon cla cdc mau theo thdi gian rit khdc nhau.
Sau 1 tuan thr nghiém mu mudi, cic mau son
epoxy da co hién'tucng an mon sau vi rong
xung quanh cdc vét rach, cic vét gi vang xudt
hién, dau hiéu cla cdc san phim an mon sit tén
tai dudi dang hidrat hidroxit. Sau 2 tudn thir
nghiém, dién tich an mdn xung quanh vét rach
da phdt trién tuong d6i rong va sau. Sau 5 tudn
thir nghiém, cdc diém gi su va rong xu4t hién
gén nhur trén toan bo bé mat mau. Trong khi dé,
cdc miu compozit ¢6 mt oxit, cling nhu Ppy vi
Ppy/y-Fe,0; cho cdc két qua khd quan hon
nhi¢u. Xung quanh vét rach, cdc 16p son it bi

59



bong tréc, viing kim loai bi an mon phdt trién
cham hon, nhat la doi vé1 cac mau epoxy/oxit va
epoxy/Ppy-oxit. K&l qua nay cho phép khang
dinh su c6 mat cia oxit sat trong epoxy ¢6 tdc
dung cai thién 1o rét do bam dinh gifta mang son
vad bé mat kim loai, do d6 lam tang kha nang
bao vé chong an mon clia epoxy.

So sdnh bé mat miu epoxy/oxit va

epoxy/Ppy-oxit véi mau epoxy chita 10%
cung chiéu day (mau e),

cromat mang

epoxy/foxit va epoxy/Ppy-oxit ¢6 ving an mon
xung quanh vét rach hep hon va cdc diém gi trén
bé mat méau ciing it hon, diéu dé ching td kha
niang bao vé kim loal cua cdc 1dp pha nay tot
hon so vét mang cromat. K&t qua nay md ra
trién vong (mng dung cdc mang compozit trén co
s epoxy va oxit sit y-Fe,Q, hoac Ppyfy-Fe,0,
thay thé 16p phu 16t chita cromat doc hai trong
hé son pht ma vin dam bao duge do bam dinh
tot vi kha nang chéng dn mon cao.

Sau I tudn thir nghiém mu mudi

g ;l SR

T C

Sau 5 tudn thir nghiém mi mudi

Hinh 4: B& mit mau son theo thoi gian thi nghiém mit mudi
a. Epoxy; b. Epoxy/oxit; c. Epoxy/Ppy; d. Epoxy/Ppy-oxit; e. Epoxy/cromat
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c) Téng tré dién hoa

Dé danh gid chinh xdc hon khd nang bao vé chéng an mon kim loai boi cdc mang son,
ching t6i da sir dung phuong phdp téng tr& dién héa. Phép do tdng tr& duoc thuc hien trong dung
dich NaCl 3%, tai dién th& mach hg, trong khoang tdn s6 tir 100 kHz dén 10 mHz. Hinh 5 gi6i thién
sur bi€n ddi pho téng tr¢ dang Nyquist clia cdc mau epoxy, epoxy/oxit, epoxy/Ppy va epoxy/Ppy-oxit
theo thoi gian ngam mau.
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Hinh 5: Pho tdng tr& Nyquist cha cdc miu son theo thoi gian ngam méiu

1. Epoxy 2. Epoxy/oxit

3. Epoxy/Ppy

4. Epoxy/Ppy-oxit
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Nhin chung, sy bién déi téng trd cha cic
mau son theo thoi gian cé cling moét quy luat.
Tai cdc thoi diém ddu tién, khi dung dich dién Ii
chua khuéch tin qua mang, hé dién hdéa chua
dan dién, phd téng trd c6 dang gin nhu dudng
thang, chi dugc xdc dinh & tdn s6 cao. Su dé
mach tuong duong trong trudng hgp nay chi bao
g6ém mot dién trd dung dich mac néi tiép véi
mot tu dién. Theo thét gian, khi dung dich dién
li khuéch tin qua mang, dudng thing mang dac
tinh dién dung c¢é xu huéng chuyén din thanh
mot ban cung. Gisi han phan thuc cla téng tro &
tdn s& thap twong dng véi dién trd clla mang son
trong dung dich NaCl 3% va tai thdi diém
nghién cdu. Tiép theo do, dung dich dién li
khuéch tan dén bé mat kim loai, ngoai bian cung
twong {tng véi tong rd clia mang son, tong tré
cOn xudt hién thém ban cung thit hai tuong dng
véi cdc qud trinh an mon Xay ra trén bé mat kim
loai.

Quan sit bé mat cidc méu thir nghiém, chi sau
hai ngdy ngdm miu, mang son epoxy da xudt
hién cdc diém gi den trén bé mat. Sau khoédng 1
tudn thir nghiém, cdc diém gi chuyén sang mau
vang dic trung cha cdc san phdm dn mon cla
thép. Sau hai thang thir nghiém, téng trd mang
epoxy giam chi con vai chuc k2, mang khong
con kha nang bao vé kim loai nita. Trong khi dé,
kha ning bao vé kim loai clla cic 16p compozit
dudng nhu 6t hon nhiéu. Két qua thu duogc cho
phép khing dinh viéc dua oxit sit y-Fe,0; c6 téc
dung tang dang ké kha niing bim dinh cia mang
son, bén canh d6 Ppy lai ¢6 kha nang tu siza chita
tai cdc vi tri kim loai bi an mén nhd viéc cung
cdp cic dién tich duong cta polyme va giir cho
kim loai & trang thdi thy dong [4]. Chinh vi vay,
sau hon hai thiang thit nghiém mdi chi xuit hién
cic di€ém gi den, nhung chwa xuét hién séan phdm
in mon cla thép.

So sanh 4 loai son thit nghiém tai cing mot
thoi gian ngadm mAu, nhin chung cdc gid trj t6ng
trd dic trung cho kha ning bao vé cla mang
taing ddn theo thi tw: epoxy, epoxy/oxit,
epoxy/Ppy va epoxy/Ppy-oxit. Su két hop gilta
Ppy-oxit va epoxy da cho phép hinh thanh méng
compozit epoxy/Ppy-oxit vita ¢c6 do bam dinh
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t6t lai cé kha ning bao vé chdng an mon cao.
Sau 3 thing ngdm mau trong NaCl 3%, mang
son epoXy/Ppy-oxit vin ¢6 gid tri dién trd mang
tuong ddi 16n (hon 600 kQ), chimg 16 mang van
¢6 kha nang tiép tuc bao vé chéng an mon cho
kim loai.

IV - KET LUAN

Cac oxit sat y-Fe,O,, Ppy va Ppy/oxit ¢6 kich
thuée rit nhd duoc téng hop bing phuong phip
héa hoc da duge dua vao trong ldp phiu epoxy
nhdm béo vé chdng an mdn cho thép. Cic két qua
thir nghiém an mon gia toc trong ti mi mudi
ciing nhu phuong phdp téng trd dién hda da chi ra
ring: Viéc dua mot ham lugng rat nho oxit y-
Fe,0,, Ppy va Ppy/y-Fe, O, vao epoxy di 1am cai
thién kha nang bao vé chong an mon cia 16p phu.
Oxit st cé tac dung tang dang ké kha ning bam
dinh clia mang son, bén cach dé Ppy lai ¢6 kha
néng tir stra chita tai cdc vi tri kim loai bl an mon
nhd viéc cung cdp cidc dién tich duong clia
polyme va gilt cho kim loai & trang thai thu dong.
Chinh vi vay, su két hop gitta Ppy/y-Fe,O, va
epoxy di cho phép hinh thanh mang compozit
epoxy/Ppy-oxit vita ¢4 do bam dinh tét lai c6 kha
nang bao vé chdng dn mon cao, m& ra kha nang
thay thé cho cic Iop 16t ¢6 chita cromat doc hati,
giam thi€u ¢ nhiém méi trudng.
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