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

The three particles of y-Fe,O;, Ppy and Ppy-oxit with very small sizes obtained by chemical
synthesis are incorporated in epoxy to form protective composite films on Ct3 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; oxide 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
in its passive state. So the presence of both y-Fe,O; oxide and Ppy in epoxy films give the best

protective result.

- MO PAU

Polyme dan dién dugc biét dén nhu mot 16p
pht anét, c6 kha nang gitt cho kim loai & trang
thai thu dong. Cac nghién cttu gan day cta Vién
K§ thuat Nhiét d6i da chi ra rang mang Ppy va
nano-compozit Ppy/oxit da dugc téng hop bang
phuong phap dién héa, c6 do dan dién cao va
kha nang bao vé kim loai tot trong moi truong
chita ion clorua, c¢6 kha nang st dung lam cac
16p phu 16t thay thé cho céc 16p cromat trong hé
son phu, giam thiéu 6 nhiém moi trudng [1, 2].
Vi mong mudn mé rong pham vi st dung, Ppy
va cdc nano-compozit trén co s& Ppy va oxit y-
Fe,0; da dugc téng hop bing phuong phap héa
hoc, phéi tron véi epoxy va phu trén bé mat kim
loai. Bai bdo nay trinh bay cac két qua bao vé
chong an mon kim loai dat duoc trén hé 16p phu
compozit epoxy/polyme dan dién Ppy téng hop
biang phuong phdp hoéa hoc c6 va khong c6 mat
v-Fe, 0.

II - THUC NGHIEM

Oxit y-Fe,O,, Ppy va Ppy/y-Fe,O; lan luot
duoc téng hop boi phuong phdp héa hoc, phoi
tron véi epoxy va dugc phun trén bé mat thép
Ct3, kich thuéc 10x15 (cmx*cm). Trude khi phun
phu, cac mau thép duogc tdy ddu md, rira sach va
lau kho, sau d6 danh bong co hoc trén may mai
dén do min 600.

D¢ so sanh va ddnh gia hiéu qua bao vé cua
16p phu, ching toi ti€n hanh nghién ciu 4 xeri
mau:

- Epoxy (mdu trang): mang son gém epoxy
va déng ran.

- Epoxy/oxit: mang son goém epoxy, dong
ran va 3% oxit y-Fe,0;.

- Epoxy/Ppy: mang son gébm epoxy, dong
ran va 3% Ppy.

- Epoxy/Ppy-oxit: mang son gébm ¢ epoxy,
dong ran va 3% Ppy/y-Fe,0;.

Phan tich cau trdc va thanh phan oxit va
polime dan dugc thuc hién trén kinh hién vi dién
ti truyén qua (TEM) 200 kV Joel, c6 kha niang
chup anh nhiéu xa tia X va thiét bi nay dugc
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ghép néi véi thiét bi phan tich phé tan xa tia X
theo nang luong (EDX) tai phong thi nghiém Bé
mat va Hé thdng dién hod, Dai hoc Paris 6,
Phép.

Kha nang bam dinh giita 16p phu véi kim
loai nén dugc dédnh gid nho thiét bi Adhesion
Tester Mode 525 (Erichsen). Thir nghiém an
mon dugc ti€n hanh tai Vién Ky thuat Nhiét déi
trong th mi mudi theo tiéu chudn ASTM B117
Salt Spray va do téng tré dién héa duoc tién
hanh trén thiét bi Autolab (Ha Lan), trong t€ bao
dién hoa hé ba dién cuc véi dién cuc lam viéc I1a
mau son can nghién ctu c6 dién tich lam viéc
25,5 cm?, dién cuc doi 1a luéi platin c6 dién tich

bé mat 16n hon nhiéu so vé6i dién cuc lam viéc
va dién cuc so sanh la calomen bao hoa KCl.

111 - KET QUA VA THAO LUAN

1. Chuén bi mau

a) Tong hop Ppy va Ppyl y-Fe,O; bang phuong
phap héa hoc

Oxit y-Fe,0, st dung trong nghién cttu nay
la san pham duoc téng hop trong phong thi
nghiém bing phuong phdp két tha hda hoc [3],
¢6 cdu trdc hat hinh cdu, kich thuéc trung binh
khoang 15 nm nhu mo ta trén hinh 1.

b. Anh nhiéu xa dién tir

Hinh I: Hinh thai hoc cua oxit y-Fe,O;

Ppy va nano Ppy/y-Fe,O; dugc t6éng hop
bing phuong phdp héa hoc trong dung dich
chia pyrol monome va chiat pha tap
benzendodecylsulfonat (BDS) cé va khong cé

nano y-Fe,0; v6i tic nhan oxy héa (NH,),S,0;.
Céic polyme dan thu dugc duéi dang bot min,
mau den duoc rira nhiéu 1an bang nudc cét va
tich khoi dung dich nho quay ly tam.

_| E203FF1/ 85
M FPO283 200 9Ky

HSaK | d8nm

Hinh 2: Anh TEM clia (a) Ppy va (b) Ppy/y-Fe,O,
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Hinh thai hoc clia polyme sau tong hop dugc
mo ta trén hinh 2. Khi ving mat oxit, cdc hat
Ppy hinh thanh ¢6 hinh dang khong nhit dinh va
c6 kich thudc ¢ Pm nhu dugc chi ra trén anh
TEM (hinh 2a). Trong dung dich c6 mét nano -
Fe,O;, Ppy hinh thanh bao xung quanh cac hat
nano-oxit y-Fe,O5 hinh cdu tao cdc hat compozit
kich thuée nhé ¢& vai chuc nano mét (hinh 2b),
nho hon nhiéu so véi trudng hgp Ppy ving mat
oxit.

Cic két qua nghién cttu thanh phan nhd phé
tan xa nang lugng tia X da chi ra su ¢c6 mat cta
Fe trong mau Ppy/oxit, mot 1an nita khang dinh
su tham gia ctua Fe,O; trong thanh phan cla
polyme. Trong ca hai truong hop mau Ppy c6 va
khong c6 oxit déu xuat hién pic dac trung cua S
cho phép chi ra su pha tap ctia anion BDS trong
polyme.

b) Mang compozit trén co so epoxy va polyme
dan

Cac polyme dan thu dugc dugc phan tin
dong nhat trong epoxy va tao mang trén bé mat
thép bang phuong phép phun phii. Cic két qua
thu dugc dugc so sdnh vé6i két qua mau tring va
mau compozit epoxy/y-Fe,O; trong cling diéu
kién tao mang véi cung chiéu day 20 pm.

2. Kha nang bao vé chong an mon ciia mang
son

a) Thir nghiém bdam dinh

Kha nang bam dinh cta 16p phl dugc xéac
dinh bang céch ddn cdc ndm thép trén bé mat
16p phu va kéo cho dén khi cdc nim thép tach
roi khoi bé mat kim loai. Luc kéo va dién tich
vung 16p phu bi bong tréc (bang 1) cho phép
danh gid do bam dinh cua 16p phu.

Cac két qua thir nghiém bam dinh da chi ra
viéc cho oxit sit vao trong thanh phan cua
epoxy da tang dang ké do bam dinh ctia 16p phu
so v6i mang epoxy vang mit oxit, vé6i luc kéo 5
N/mm®, toan bo bé mat 16p phti hoan toan khong
bi bong tréc. Trong khi d6 anh hudng cua Ppy
dan dén kha nang bam dinh cta 16p phi chua
that rd rang: V6i mot luc kéo 3 N/mm* da cho
phép kéo cdc nim thép ra khoi bé mat mau thir
nghiém nhung dién tich ving 16p phli bi bong
tréc lai nho hon nhiéu so v6i mang epoxy vang

mat Ppy.

Bang I: Két qua thir nghiém bam dinh trén
thiét bi Adhesion Tester mode 525

Mang son phil LI\L,ITC ké(z)’ Dign tich
/mm bong tréc, %
Epoxy 3,7 40
Epoxy/oxit 5 0
Epoxy/Ppy 3 10
Epoxy/Ppy-oxit 4 10

b) Thit nghiém mu muoi

Dé giam thoi gian thir nghiém, ciing nhu
nghién cttu do bam dinh va kha nang tu sta
chita cia cic mang polyme tao thanh, cic mau
son sau khi déng rin hoan toan duoc rach theo
duong chéo dén sat bé mat kim loai va sau dé
thtr nghiém an mon trong ti mu mudi. Bé mat
mau theo thoi gian thir nghiém dugc mo ta nhu
trén hinh 4. Trong di€u kién thu nghiém mu
muodi NaCl 5%, tai cac vét rach khong c6 16p
son pht bao vé, kim loai bi an mon manh. Khi
mang son bam dinh khong t6t, qua trinh khuéch
tan ion Cl" dudi 16p phu xung quanh vét rach
dién ra nhanh, mang son bi bong tréc thé hién
bdi ving dan mon kim loai sdu va rong xung
quanh vét rach. Do d6, quan sat vi tri xung
quanh cdc vét rach, cling nhu céc diém dn mon
trén toan bo bé mat mau thir nghiém theo thoi
gian cho phép chiing ta danh gia do bam dinh va
kha nang bao vé cta 16p phu.

Quan sat tai vi tri cdc vét rach, cdc miu son
déu c6 hién tugng an mon. Tuy nhién mdc do an
mon cla cdc mau theo thoi gian rit khac nhau.
Sau 1 tuan thlr nghiém mu mudi, cic miu son
epoxy da cé hién tugng an mon sau va rong
xung quanh cdc vét rach, cic vét gi vang xuat
hién, d4u hiéu clia cic san pham an mon sat ton
tai dudi dang hidrat hidroxit. Sau 2 tuén thu
nghiém, dién tich an mon xung quanh vét rach
da phat trién tuong doi rong va sau. Sau 5 tuén
thir nghiém, cdc diém gi sau va rong xuat hién
gan nhu trén toan bo bé mat mau. Trong khi dé,
cac mau compozit c6 mat oxit, ciing nhu Ppy va
Ppy/y-Fe,O; cho cidc két qua kha quan hon
nhiéu. Xung quanh vét rach, cdc 16p son it bi
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bong tréc, ving kim loai bi an mon phét trién
cham hon, nhat 1a d6i véi cac mau epoxy/oxit va
epoxy/Ppy-oxit. Két qua nay cho phép khing
dinh su ¢6 mat cha oxit sit trong epoxy ¢ tdc
dung cai thién rd rét dd bam dinh gifta mang son
va bé mat kim loai, do d6 lam tang kha ning
bao vé chéng an mon clia epoxy.

So sanh bé madt mau epoxy/oxit va
epoxy/Ppy-oxit v6i mau epoxy chia 10%
cromat cung chiéu day (mau e),

mang

epoxy/oxit va epoxy/Ppy-oxit ¢c6 ving an mon
xung quanh vét rach hep hon va cic diém gi trén
bé mat mau ciing it hon, diéu d6 chiing to kha
nang bao vé kim loai cua céc 16p phu nay tot
hon so v6i mang cromat. K& qua nay md ra
trién vong ting dung c4c mang compozit trén co
s& epoxy va oxit sit y-Fe,O; hoidc Ppy/y-Fe,0,
thay thé 16p phu 16t chita cromat doc hai trong
hé son phtt ma van dam bao dugc do bam dinh
tot va kha nang chong an mon cao.

Sau 1 tudn thir nghiém mui mudi

Sau 2 tudn thit nghiém mu mudi

i mr

Sau 5 tudn thir nghiém mui mudi

Hinh 4: Bé mat mau son theo thoi gian thir nghiém mi mudi
a. Epoxy; b. Epoxy/oxit; c. Epoxy/Ppy; d. Epoxy/Ppy-oxit; e. Epoxy/cromat
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c) Tong tro dién héa

Dé d4nh gid chinh x4c hon kha nang bdo vé chéng an mon kim loai béi cdc mang son,
chiing t6i da st dung phuong phap téng trd dién héa. Phép do téng trd dugc thuc hién trong dung
dich NaCl 3%, tai dién thé mach hd, trong khoang tan s6 tir 100 kHz dén 10 mHz. Hinh 5 gi6i thiéu
su bién déi phé tdng tré dang Nyquist clia cdc mau epoxy, epoxy/oxit, epoxy/Ppy va epoxy/Ppy-oxit

theo thoi gian ngdm mau.
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Hinh 5: Pho tong trd Nyquist ctia cdc mau son theo thdi gian ngdm mau

1. Epoxy 2. Epoxy/oxit

3. Epoxy/Ppy

4. Epoxy/Ppy-oxit
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Nhin chung, su bién ddi tong trd clia cic
mau son theo thoi gian ¢6 ciing mot quy luét.
Tai céc thdi diém ddu tién, khi dung dich dién li
chua khuéch tin qua mang, hé¢ dién héa chua
dan dién, phé téng trd c6 dang gin nhu dudng
thang, chi dugc xdc dinh & tin s6 cao. So do
mach tuong duong trong trudng hgp nay chi bao
gébm mot dién tré dung dich mic néi ti€p voi
mot tu dién. Theo thoi gian, khi dung dich dién
li khuéch tdn qua mang, dudng thing mang dic
tinh dién dung c6 xu huéng chuyén din thanh
mot ban cung. Gidi han phén thuc clia tong trd &
tan so thap tuong ing véi dién trd clia mang son
trong dung dich NaCl 3% va tai thoi di€ém
nghién cutu. Tié€p theo d6, dung dich dién li
khuéch tdn dén bé mat kim loai, ngoai ban cung
tuong Gng véi téng tré clia mang son, téng trd
con xudt hién thém ban cung thit hai tuong tng
véi cdc qud trinh dn mon xay ra trén bé mat kim
loai.

Quan sit bé mat cac mau thir nghiém, chi sau
hai ngady ngadm mau, mang son epoxy da xuét
hién cdc diém gi den trén bé mat. Sau khoang 1
tudn thir nghiém, cdc di€ém gi chuyén sang mau
vang dic trung cha céc san phdm an mon cla
thép. Sau hai thdng thir nghiém, téng tr& mang
epoxy giam chi con vai chuc kQ, mang khong
con kha nang bao vé kim loai nita. Trong khi do,
kha nang bao vé kim loai clia cdc 16p compozit
dudng nhu t6t hon nhiéu. Két qua thu dugce cho
phép khang dinh viéc dua oxit sat y-Fe,O, ¢6 tdc
dung tang dang ké kha niang bam dinh clia mang
son, bén canh d6 Ppy lai c6 kha ning tu stra chita
tai cac vi tri kim loai bi an mon nho viéc cung
cp cac dién tich duong clia polyme va giit cho
kim loai & trang thai thu dong [4]. Chinh vi vay,
sau hon hai thang thlr nghiém méi chi xuét hién
cic diém gi den, nhung chua xuét hién san phidm
an mon cua thép.

So sanh 4 loai son thit nghiém tai cing mot
thoi gian ngdm mau, nhin chung cac gid tri tong
tré dac trung cho kha nang bao vé clia mang
tang dan theo thi tu: epoxy, epoxy/oxit,
epoxy/Ppy va epoxy/Ppy-oxit. Su két hop gilta
Ppy-oxit va epoxy da cho phép hinh thanh mang
compozit epoxy/Ppy-oxit vira c6 do bam dinh
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tot lai c6 kha nang bao vé chéng an mon cao.
Sau 3 thang ngdm mau trong NaCl 3%, mang
son epoxy/Ppy-oxit van c6 gia tri dién trd mang
tuong doi 16n (hon 600 kQ), ching t6 mang van
¢6 kha nang ti€p tuc bao vé chdng an mon cho
kim loai.

IV - KET LUAN

Cic oxit sat y-Fe,Os, Ppy va Ppy/oxit ¢6 kich
thudc rat nhd duoc téng hop bang phuong phép
héa hoc da dugc dua vao trong 16p phl epoxy
nhim bao vé chong an mon cho thép. Céc két qua
thir nghiém an mon gia t6¢c trong tt mu mudi
ciing nhu phuong phép téng trd dién hoéa da chi ra
rang: Viéc dua mot ham lugng rat nho oxit y-
Fe,0,, Ppy va Ppy/y-Fe,0, vao epoxy da lam cai
thién kha ning bao vé chéng an mon cta 16p pha.
Oxit sét ¢6 tac dung tang dang ké kha nang bam
dinh ctia mang son, bén cach d6 Ppy lai c6 kha
nang tu stra chita tai cc vi tri kim loai bi an mon
nho viéc cung cap ciac dién tich duong cla
polyme va giit cho kim loai & trang thai thu dong.
Chinh vi vay, su két hop giita Ppy/y-Fe,O; va
epoxy da cho phép hinh thanh mang compozit
epoxy/Ppy-oxit vita ¢6 d6 bam dinh t6t lai c6 kha
nang bao vé chong an mon cao, md ra kha nang
thay thé€ cho céc 16p 16t c6 chita cromat doc hai,
giam thiéu 6 nhiém moi trudng.
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