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NGHIEN CUU KHA NANG BAO VE CHONG AN MON CUA LGP PHU
HUU cO CHUA POLYME DAN DIEN TREN NEN THEP PHU
HOP KIM NHOM KEM
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NGUYEN THI LE HIEN, NGUYEN THU PHUONG, LE THU QUY, TRINH ANH TRUC
Vién Ky thudt nhiét doi, Vién Khoa hoc va Cong nghé Viét Nam

ABSTRACT

In this work, we have studied the duplex coating on carbon steel (steellZn-Al/(epoxy+CP)), in
which the epoxies used are ES28 and X75 and the CP is the conducting polymers of Ppy,
Ppy/Fe,O; and Ppyl/Fe;0,, for protection against corrosion of the metal. The results obtained by
electrochemical impedance show the galvanic protection effect of Zn-Al alloy and the influence of
the epoxy coatings, which delay the penetrability of electrolyte and reduce galvanic dissolution of
Zn-Al alloy, so the protective effiency will be improved. Among these conducting polymers, the
Ppy without oxides who give the best protection resultal disperses well in both ES28 and X75

epoxies to form homogenous coatings.

- MO DAU

An mon va bao vé kim loai luon 13 van dé
dugc quan tadm clia moi quoc gia trong d6 c6
Viét Nam. Gan day, cac phuong phéap bao vé két
hop dang dugc nghién ctu va tng dung rdng rai,
mang lai hiéu qua to 16n so véi cac phuong phap
bdo veé riéng ré. Cac 16p phun pht hgp kim kém
nhom (Zn-Al) c¢6 kha nang bao vé chong an
mon tét cho thép theo co ché anot; tuy nhién,
trong qud trinh hinh thanh 16p pht xay ra hién
tugng lam nguodi dot ngodt do cdc hat kim loai
néng chay ti€p xic v6i bé mat thép nén, lam
tang Ung suat noi, gy nén cac vét nit ngay trong
qué trinh phun phu. Dé han ché€ t6c do6 an mon
anot, kéo dai thoi gian bao vé clia 16p phun phu,
chiing ta c¢6 thé tao mot 16p phu hitu co 1én trén
bé mit hop kim Zn-Al. Lic nay hé phu lién hop
¢6 tac dung bao vé kép: Lép son phti hitu co dong
vai tro 16p ph che chén, khi c6 su khuéch tén tac
nhan an mon qua 16p pht hitu co thi hop kim Zn-
Al s€ phat huy tac dung bao vé anot [1, 2]. Dai
vG6i vat lieu phu hitu co, mot trong cdc hudng

dang duogc chu trong nghién cttu hién nay la dua
phu gia polyme dain vio trong mang son nhim
tang do bam dinh giita vat liéu vo co va hitu co
[3, 4], ciing nhu lgi dung kha nang “tu sua
chita” cta polyme dan gép phan céi thién kha
nang bao vé chong an mon cta hé pht bao vé
[5]. Khi st dung hé phu lién hop, su tuong thich
gifta cac 16p phu vo co va hitu co 1a mot trong cac
yéu t6 quan trong nhat, quyét dinh céc tinh chat co
Ii cling nhu kha nang bao vé chong an mon cta hé
16p pht [3, 4]. Do d6 trong bai bao nay, phuong
phép téng tr& dién héa da dugc st dung nghién
citu nhim dénh gid kha niang bao vé chéng an mon
cua 16p phli epoxy chita polyme dan dién trén nén
thép pht hgp kim Zn-Al.

Il - THUC NGHIEM

Polyme dan duoc st dung trong nghién citu
nay la polypyrrol (Ppy), compozit Ppy/Fe,O; va
Ppy/Fe;0, lan luot dugc téng hop bang phuong
phdp héa hoc v6i ion d6i la
dodecylbenzensulfonic axit (DBSA) va chit oxy
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héa la amoni persulfat (APS) [3].

Cic polyme dén sau khi tdng hop c6 dang
bot min, kich thugec <200 nm, dugc phoi tron véi
epoxy X75 va E828 vdi chat dong ran tuong ting
1a PA66 va TD961 (san pham Thai Lan) va phun
trén bé mat thép cacbon thdp pht hop kim Zn-
Al (85%Zn va 15%Al), kich thuéc 10x15
(cmxcm). Trude khi phun pht cdc mau hop kim
dugc trang sach bé mit bang axeton.

Céc 16p phu hitu co tao thanh c¢6 chiéu day
90 + 100 um. Hiéu qua bao vé ctia 16p phi duge
o sanh véi cdc mau epoxy khong chita polyme
dan trong cing diéu kién tao mang. Hai loai
epoxy E828, X75 va ba bot polyme dan khéc
nhau duoc stt dung trong nghién cttu dé danh gid
kha nang bao vé chong an mon ctia cac 16p phu.

Kha nang bam dinh giira 16p phu hitu co véi
bé mit kim loai duoc dédnh gid bing phuong
phap ké vach theo tiéu chuin ASTM D3359 trén
dung cu Elcometer (Pitc). Thir nghiém an mon

dugc tién hanh tai Vién K§ thuat nhiét déi bing
phuong phdp téng tr& dién hod trén thiét bi
Autolab (Ha Lan), trong binh do dién hod hé ba
dién cuc vé6i dién cuc lam viéc 1a miu son can
nghién citu c6 dién tich lam viéc 7 cm?, dién cuc
d6i 1a 1luéi platin c6 dién tich bé mat 16n hon
nhiéu so véi dién cuc lam viéc va dién cuc so
sdnh la calomen bao hoa KCI.

III - KET QUA VA THAO LUAN

1. Nghién citu dic tinh dién héa cia hop kim
Zn-Al

Trudéc khi nghién ctu kha nang bao vé
chéng an mon cua 16p phi hitu co trén nén thép
pht hop kim Zn-Al, cic dac tinh dién héa cta
16p phti Zn-Al trén nén thép dugc nghién ciu
bang phuong phép téng tré. Gian d6 Nyquist
ctia 16p pht hgp kim Zn-Al trén thép tai dién thé
mach hé theo thoi gian ngdm méu trong NaCl
3% duoc biéu dién nhu trén hinh 1.
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Hinh I: Gidn d6 Nyquist ctia 16p phti Zn — Al/NaCl

Tai thoi diém ddu do mau (10 phut), téng trd
dién héa bao gom hai ban cung dién dung: Bin
cung th nhat & tn s6 cao, tuong tng vGi dién
trdé cua mang oxit (~10 Q); ban cung thd hai &
tan s6 thap hon dic trung cho qua trinh Faraday
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dién ra trén bé mat hop kim (~13 Q). Theo
thdi gian (> 6 gi0), nong do chat dién ly tai giao
dién dung dich/hop kim Zn-Al giam xuéng
nhanh, qué trinh Faraday trén bé mat Zn-Al lic
nay duoc thay thé€ bdi qud trinh khuéch tan va



duoc thé hién rd trén gian d6 Nyquist & tan s6
thap bing su xudt hién mot dudng gin nhu
thang c6 do doc xap xi 45°. Trong truong hop
ndy, so d6 mach dién tuong duong clia hé c6 thé
dugc mo ta nhu hinh 2.

Két qua téng tré do duoc cho phép xéc dinh
cdc gid tri dién tr& mang oxit (R,) khoang 7-30
Q, tuong tng v6i dién dung (C,) khoang 1-2
mF. Gid tri R, nho va C, I6n cho thdy rd mang
oxit hinh thanh tu nhién trén Zn-Al tuong do6i
rd, x6p va kha niang bao vé chéng an mon chua
cao.

Toéc d0 an mon cua hop kim Zn-Al ciing
dugc xac dinh bang phuong phép do dudng cong
phan cuc v6i téc do quét th€ 5 mV/s, qud thé
khoang 200 mV xung quanh dién thé mach hd
(hinh 3). T quan hé Tafel, van dung phan mém
ctia thiét bi do Autolab cho phép xdc dinh duoc
cac thong s6 an mon nhu duogc biéu dién trén
bang 1.

Ry, - Dién trd dung dich.

R, va C, - Dién trd va dién dung cua 16p oxit
kim loai.

R, va G, - Dién tr& chuyén dich dién tich va dién
dung 16p kép.

Zy, - Tong tré khuéch tan.

Hinh 2: So d6 mach tuong duong ctia
Zn-Al/ NaCl

Bdng 1: Céc gia tri dac trung cho qua trinh an
mon hop kim Zn-Al

Céc thong s6 an mon Gia tri
Ee.. (V/SCE) -1,076
R, (©) 131
Lorr ( Afem?) 2,15¢e-5
Vo (mm/nam) 6,72e-1

Dién th€ —1,076 V/SCE thu dugc chinh la
dién th€ mach hé cua Zn, chiing to sy ¢6 mat

ctia Al (15%) cho phép tao hgp kim déng nhat va
dudng nhu khong 1am thay déi dic tinh dién héa
cta Zn. Téc d6 an mon hop kim Zn-Al 1a tuong
do6i 16n (> 0,67 mm/nam) va s& con 16n hon nita
néu nén thép bi hd. Lic ndy hop kim Zn-Al va
thép dong vai trdo nhu mot cap pin va dién thé
mach hé thu duge 1a dién th€ hon hop gitta hai
cap Zn**/Zn va Fe**/Fe cao hon so v6i dién thé an
mon Zn, do d6 toc do an mon Zn s& tang 1én
déng ké. Chinh vi vay, dé tang thoi gian bao vé
chéng dn mon cha 16p phu kim loai ma van dam
bao dugc kha nang bao vé anoét cia nd, 16p phu
hitu co trén co sO epoxy chita polyme dan da
dugc nghién ctu st dung.
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Hinh 3: Dudng cong phan cuc cua Zn-Al/NaCl
(—) duong thuc nghiém, (---) duong 1y thuyét

2. Po bam dinh cua l6p phu hitu co chia
polyme dan

Két qua danh gid do bam dinh cta 16p pha
duoc biéu dién trén bang 2 da chi ra ring 16p
pht epoxy E828 va X75 khong cé polyme dan
¢6 do bam dinh tuong d6i tot v6i bé mat kim
loai nén, tuong tng vGi do bam dinh 3B va 4B.
Lép pht E828 c6 Ppy va Ppy/oxit, d0 bam dinh
cta 16p phu tang, dac biét 1a 16p phu EP va EP-
Fe,0, c6 d0 bam dinh tuyét d6i & miic 5B.
Trong khi d6, 16p pht X75 ¢6 do bam dinh cao
hon E828 va cé mit ctia polyme dan trong X75
dudng nhu khong lam thay déi do bam dinh cla
16p phd, trir trudng hgp compozit Ppy/Fe O, da
lam tang d6 bam dinh cta 16p phu X75 tir 4B lén
5B.

3. Kha nang bao vé chong an mon cua l6p
pht hiru co

Kha nang bao vé choéng an mon ciing nhu co
ché& bao vé cua 16p pht hitu co dugc nghién ciu
bang phuong phép tdng tr& dién héa tai dién the
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mach hé trong dung dich NaCl 3% véi cac thoi
diém ngam mau khac nhau nhu duoc biéu dién
trén hinh 4.

Nhin chung, gian d6 Nyquist cta cdc 16p
phlt déu c6 dac diém chung: Khi mang chua
ngdm nuéc, 16p phi hitu co che chin hoan toan

ngan can dugc ti€p xuc giita dung dich dién ly
vGoi bé mat hop kim Zn-Al, tuong dng véi dién
tré mang rét 16n (R,— o). Téng tr& dién hoa
chi do dugc chinh x4c & tan s6 cao va gan nhu
duong thing ding mang dic tinh dién dung
thuan. So d6 mach tuong duong nhu duoc mo ta
trén hinh 4B (a).

Bdng 2: D6 bam dinh ctia 16p pht hitu co xéc dinh theo tiéu chudn ASTM D3359

TT Lép phti trén nén thép Ky hiéu Do bam dinh
1 E828/Zn-Al/Thép E 3B
2 | (E828 + Ppy)/Zn-Al/Thép EP 5B
3 | (E828 + Ppy/Fe,04)/Zn-Al/Thép EP-Fe,0, 4B
4 | (E828 + Ppy/Fe,0,)/Zn-Al/Thép EP-Fe,0, 5B
5 X75/Zn-Al/Thép X 4B
6 | (X75 + Ppy)/Zn-Al/Thép XP 4B
7 | (X75 + Ppy/Fe,0,)/Zn-Al/Thép XP-Fe,0, 4B
8 | (X75 + Ppy/Fe;0,)/Zn-Al/Thép XP-Fe,0, 5B

Theo thoi gian, dung dich dién ly khuéch
tan qua cdc 16 x6p hodc cac khuyét tat ctia 16p
pht dén bé mat kim loai lam giam dién tro
mang v6i mic do phu thudc vao dién tich cia
céc 16 x6p hodc cdc khuyét tat. Néu gid thiét cac
16 x0p va cdc khuyét tat ¢6 thiét dién hinh try, ta
s€ c6 dién trd 16 (R,,,,) duoc tinh nhu sau: R, ~
R ores = Po /A4 (V61 P, 12 dién trd sudt clia dung
dich dién ly, d 1a chiéu dai cta cdc 16 va A, la
dién tich khuyét tat).

Khi dién tr6 mang giam, nudc ngdm trong
16p pht d3 lam tang hing s6 dién moi cla
polyme s€ lam tang dién dung mang. Trong
trudng hop nay téng try dién hda bao gom mot
ban cung & tan s6 cao dac trung cho dac tinh cla
16p pht hitu co, tuong tng v6i so d6 tuong
duong nhu hinh 4B (b).

Khi 16p phu bdo hoa dung dich dién ly, cé
su ti€p xuc truc tiép giita dung dich dién ly va
hop kim Zn-Al tai ddy cac 16 dan dung dich gay
nén qua trinh an mon kim loai. Lic nay trén
gian d6 Nyquist, ngoai ban cung & tan s6 cao
con xuat hién thém béan cung & tan so thap, dac
trung cho qué trinh Faraday xdy ra trén bé mat
Zn-Al, tuong duong véi so d6 dién hinh 4B (c).

Hinh 4A (a) cho thay, ngay tai céc thoi diém
ddu ngam mAu, tong tr& dién héa cha 16p phu
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epoxy E828 da xuat hién hai ban cung ching td
¢6 qué trinh an mon xay ra trén hop kim Zn-Al.
Tuy nhién theo thoi gian, cdc san phdm an mon
tao ra da bit cdc 16 dan dung dich, ngin can
phin nao quéd trinh an mon ti€p tuc xay ra.
Chinh vi vay dién tr6 mang cé phan tang lén va
tai nhiéu thoi diém, tdng trd dién hoéa lai mang
dic tinh dién dung thuéan. Trong trudng hop 16p
pht E828 c¢6 polyme dan, quan sat duoc rat rd
su khéc biét: oxit trong polyme dan da lam giam
ddng ké téng try dién hoa, ching to su suy gidm
kha nang bao vé chéng an mon cua 16p phu khi
c6 mat Ppy/oxit. Trong khi d6 cac 16p phu hitu
co chia Ppy khong c6 oxit lai cho két qua ngugc
lai, nghia la Ppy di lam tang dang ké téng tr&
dién hoa do Ppy phan tin t6t trong epoxy, tao
16p phu sit chat. Sau 38 ngay thlr nghiém 16p
phtt E828 chita Ppy van mang dac tinh dién
dung thuén. Khi c6 thém oxit sét, Ppy/oxit phan
tdin kém lam giam su tuong hop gilta polyme
dan va epoxy, do d6 lam giam kha nang che
chin va kha ning bo vé chong 4n mon cia l6p
pht hitu co.

Tuong tu, d6i véi 16p phit X75 6 va khong
c6 Ppy va Ppy/oxit, khi ¢6 Ppy trd khang cta 16p
pht tang 1én 1o rét, trong khi Ppy/oxit lai lam
giam tré khang so véi 16p phu X75 khong chia
polyme dan. Tuy nhién so sidnh véi 16p phu
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epoxy E828, 16p pht epoxy X75 c6 téng tr& nhd
hon nhiéu, sau 3 ngay thu nghiém, gian do6
Nyquist clia cdc 16p phii ndy déu xudt hién bén
cung thd hai & tan s6 thap dac trung cho qua
trinh d4n mon x4y ra trén bé mat kim loai. Cac
két qua thu duoc cho phép khiang dinh 16p phi
epoxy trén co sG E828 cé kha nang bao vé
chong an mon cao hon so véi 16p phl epoxy trén
co s6 X75.

Biéu dién su bién thién R, va C,, tai c4c thoi
diém ngam mau khéc nhau, tuong tng véi céc
gid tri dién th¢ mach hé tai thoi diém do miu
dugc trinh bay trén hinh 5.

Cic két qua thu duoc khang dinh su c6 mat
ctia Ppy trong hai loai 16p pht hitu co da tao 16p
pht sit chit va dong nhit do d6 han ché duoc
qud trinh an mon kim loai nén thé hién & gid tri
R,, ting nhiéu lan va C,, giam nhiéu lan so véi
céc gid tri ctia 16p phll epoxy ving mit polyme
dan. Trong s6 8 16p phu epoxy khao sit, 16p pht
EP cho kha nang bao vé chéng an mon cao hon
ca: Sau hon 80.000 phit (trén 55 ngay) thi
nghiém trong NaCl 3%, dién tré6 mang van c6
gid tri rat cao (>10” Q) chiing t6 kha nang che
chan t6t clia 16p pha. Dién dung rat it thay doi
khang dinh tinh én dinh cao, it bi suy gidm cic
dac tinh theo thoi gian va tuong ung véi gid tri
E,., duong hon rét nhi¢u so véi dién the an mon
clia Zn-Al cho phép khang dinh hop kim Zn-Al
van dang trong diéu kién duogc bao vé, chua bi
hoa tan anot.

Kha nang bao vé cua 08 16p phu trong
nghién ctiu nay c6 thé dugc sip xép theo thi tu
giam dan nhu sau: EP > E > XP > X > EP-Fe,0,
> EP-Fe,0, > XP-Fe;0,> XP-Fe,0,.
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IV - KET LUAN

Cic bot polyme dan trén co s& Ppy tong hop
bing phuong phép héa hoc da dugc dua vao trong
16p phii epoxy nham tang do bam dinh va céi thién
kha nang bao vé chéng an mon cta 16p phun phu
anot Zn-Al trén nén thép. Cic két qua thir nghiém
an mon cho thdy Ppy tuong hop t6t véi ca hai loai
epoxy E828 va X75, tao dugc 16p phu c6 kha nang
bao vé chong an mon cao hon so véi 16p phu
epoxy tuong ting nhung ving polyme din. Nguoc
lai, trong trudong hop Ppy/oxit, sw ¢6 mat cua Fe,O,
va Fe,0, kém tuong hop dan dén kha ning bao vé
chdng an mon cta I6p pht giam. Trong s6 8 16p
phu khéo sat, 16p phu trén co sé E828 ¢6 Ppy cho
kha nang béo vé chéng an mon cao hon ca. Sau
gan 2 thang ngam trong dung dich NaCl 3% 16p
phu van hoan toan chua ngam nuGc.
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Hinh 5: Sy bién thién E,,, R,, va C,, cia cdc 16p phti E828 (tréi) va X75 (phai)

chita va khong chita polyme dan
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