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NGHIEN CU'U ANH HUONG CUA CAU TRUC KHOANG SET
H(O'U CO BEN KHA NANG BAO VE CHONG AN MON CUA
LOP PHU EPOXY KHOANG SET NANOCOMPOSIT

TO THI XUAN HANG, TRINH ANH TRUC, VU KE OANH, PHAM GIA VU

1. MO PAU

Coéng nghé nano d3 tao ra cic vit lidu co6 tinh chit thay dbi vuo’t béc so vai vit liéu thong
thudong [1 - 2]. Khoang sét polyme nanocompos:t 14 mét vi du dién hinh cta cong nghc nano.
Trong khoang sét polyme nanocomposit, cic ciu tric 1op khoang sét dugc phan tan riéng ré, do
d6 céc 16p khoang sét co tac dung higu qua ting cac tinh chét cia polyme Mon hat khoang sét co
s6 hrgng céc lop khoang sét 1én dén hang tram, hing nghin. Vi vy chi voi nong d6 dudi 5% ma
hang loat c4c tinh chit co li clia vt liéu tang 1én déng ké nhur: mdun dan hoi, do dan dai, chéng
chdy, kha nang chju mai mon, bao vé chéng &n mén [3 - 6]. Lép phil nanocomposit trén co s&
sét bién tinh hiru co dd dugc Vién TNO ciia Ha Lan nghién ctru tir nim 1999 [7 - 8]. Trong cic
cong trinh da coéng bd trude ddy ching t6i da nghién ciru ché tao 16p phi epoxy khoang sét
nanocomposit trén co s& khoang sét 25A dugc hiru co hda trong phong thi nghle;m Céc két qua
thu duge cho thdy chi v&i ndng do khoang sét hiru co rit nhé (3%) da ting dang ké kha ning bio
vé chéng an mon cia mang epoxy [9]. Cac két qua ndy mé ra trién vong img dung khoang sét

#hiru co trong ché tao lép phi bao vé chong an mon kim loai.

Bai bdo niy trinh biy mét s6 két qua nghién ciru ché tao 16p phi khoang sét epoxy
nanocomposit trén co ¢& ba loai khoang sét duge hitu co hoa bdi cac alkyl amonium ¢6 cdu tric
khac nhau. Kha néng bao vé chéng in mon ciia 16p pht dugc danh gia bﬁnfg phuong phap tbng
tro dign hoa. Chu tric cba 16p phit duge phan tich bing phd hdng ngoai, phd nhidu xa tia X va
kinh hién vi dién tir quét.

2. THU'C NGHIEM S
2.1. Nguyén liéu

Céc loai khodng sét hitu co sir dung la: khoang sét 20A; khoang sét 25A khoang sét 30B do
vién KIST, Han Quéc cung cap. Day la san pham khodng sét hitu co hoa bé’ cac akylamonium
tuong ing sau:

C Cis ?18

H,C —1i1+—CH3. H,C —1|~1+— CH, (HCH,CH,CH.CH,  HOH,C —Iil"—CHz(‘leoH
Cps CH, CH, CH,

(Khoang sét 20A) {Khoang ;ét 25A) . (Khoang sét 30B)

Nhya epoxy sir dung 1a logi Epikote 828 va chét dong rén la Dlmethylammopropylamm cia
hiang Ciba, trong d6 ti 1€ déng rén 1a 11%.
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Dung méi sir dung 13 hdn hop toluen, xylen, butanol ctia Trung Quéc, loai P.
22 Ché tao 16p phia khodng sét nanocomposit

Khodng sét hitu co dugc phén tan trong dung moi. Sau d6 dugc ph01 trén v&i nhya bing
nghién bi, chit déng rin dugc trén trude khi phi 1én bé miat kim loai dé tao thanh lép phu
khoang sét epoxy nanocomposit. Nong dé khoang sét hiru co trong 16p phia 1a 3%. Nén kim loai

si dung 14 thép CT3, ¢6 kich thuée 10 cm x 15 cm x 0,2 em. Miu thép duoc rira sach bang xa
phong cho t0'1 khi hét diu, sau d6 dugc danh bing gidy rap SiC dén do mijn 400, rira sach miu
bang nuéc, con, dé khé va phun son. D§ day trung binh cia 16p phi sau khi khé [4 25 pm. Do
day cta 16p phi duge do bing may do d6 diy MINITEST 600 cia ERICHEN.

2.3. Po téng tri dién hoa

Phd té‘mg’i tré clia mang son duge thuc hién véi hé 3 dién cuc: dién cuc lam viée la mau thép
phit mang son. Mau phu son duge chup éng PVC hinh try ¢6 chira dung dich NaCl 3%, dién tich
bé mit tiép xuc v&i mbi trudng xam thire [a 28 cm?, dign cuc so'sanh la dién cuc calomen bdo
hoa, dién cuc dbi 12 dién cuc platin. Phd téng tr& duge do trén may AUTOLAB P30. Cac phép
do dat & ché dj quét ty dong trong dai tan sé tir 100 kHz dén 10 mHz.

2.4. Phrong phﬁp phd hdng ngoai

Phé hong 7ngoai cua 16p pha va khoang sét duge dotrén may Nicolet Nexus 670 ¢ ving
burée song tir 4000 cm’' dén 400 cm™ cia Vién K§ thudt nhiét déi.

2.5. Phan tich nhiéu xa tia X *
Khoang c4ch 16p clia khodng sét ban dau vi trong mang nanocomposit dugc phén tich bang
pho nhiéu xa tia X trén mdy Siemen D5000 st dung tia nhiéu xa Cu K.

2.6. Phuong phap kinh hién vi dién tir quét

Chu tric cila lop phu duge quan sat bang kinh hién vi dién tor quét (SEM) trén may
JSM-5300.

3. KET QUA VA THAOQ LUAN
3. 1 Khi ning bie vé chong in.mén

Qua céc két qua nghién ctru anh hudng cia n-fmg d6 khoang sét dén tinh chét cua 6p phi
khoang sét nanocomposit truoc ddy ching toi thay nong do khoéng sét 3% cho mang c6 tinh
cht bao vé cao nhit [9]. Vi viy ching t6i chon nong d6 3% dé nghién céu anh huéng clia cdu
tritc khodng sét hiru co dén tinh chét cua l6p phu khoang sét nanocomposit. Lép phu khoang sét
epoxy nanocomposit duge ché tao trén co s& epoxy va cac loai khoang sét khac nhau: khoang sét

20A, khoang sét 25A va khoang sét 30B. Trong dé khoang sét 20A dugc bién. tinh bing
alkylamonium c6 alkyl 13 cacbua hydro mach thing dai, khoang sét 25A c6 alkyl mach nhanh,
ngin-hon, khoang sét 30B cé mach alkyl ngén hon 2 loai trén va c6 chira 2 nhém hydroxyl.
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Cic 16p phu nanocomposit duge ki hiéu twong dng voi khoang s€t hitu co la: EN20A,
EN25A, EN30B. Mang epoxy khdng chira khoang sét d& d6i chirng dugce ki hiu [ epoxy.

Kha ning bao vé chdng &n mon cuia céc 16p phi duge nghién ciru bing phuong phap tdng
tro. Hinh 1 trinh bay phé tro cia cac mau thép phtl cic mang epoxy va epoxy nanocomposit sau
8 tuan ngam trong dung dich NaCl 3%.
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Hinh 1. Phd tdng trér ciia miu thép phii mang epoXy va epoxy nanocomposit véi cac loai
khodang sét hitu co khéc nhau sau 8§ tudn ngm trong dung dich NaCl 3%

Quan sat phd téng trd ta thiy so véi mang epoxy khong cé khoang sét, pho tdng trd clia
mang epoxy nanocomposn c6 dang khac han, tong trér ¢6 gia tri rat hon rat nhiéu. Véi mang
epoxy khong cé khoang sét phd tdng trd c6 2 cung xac dinh 5 rang, trong khi v&i 3 mang epoxy
nanocomposit, cung thir nhit dic trung cho tinh chit cia Iorp phu déu duge xac dinh rd rang,
cung thir hai dic trung cho qua trinh &n mén xay ra trén bé mit tiép xie kim loai/lép phi chira
x4c dinh r5. Diéu nay chlmg t6 chua ¢ qua trinh &n mon xay ra trén bé mat kim loai. So sanh
c4c mau nanocompossit voi nhau ta thiy miu EN30B c6 cung tin s6 cao 16n nhét, sau d6 dén
mau ENATMP va miu EN20A, thap nhit 12 miu EN25A. . g

Tur pho tong trg cac thong sb dién tro mang (Ry) va dién trd phin cuc (Rp) duo‘c xac dinh
bang phan mém cia AUTOLAB. Su thay déi cla céc gid trj Reva R, theo thoi gian ngém trong
dung dich NaCl 3% duqc trinh bay trén hinh 2.

Ta théy dién tr& mang ban diu cua cac mau EN20A, EN2SA, EN30B khéng khéc nhau
nhiéu, déu cao hon dién tré mang cua mang epoxy hang trim lan. Trong 1 fudn dAu ngdm trong
dung dich NaCl 3 % dign tré mang cua tit ca cac miu déu giam nhleu Su g1am dién tr& mang
thé hién sy suy gidm tinh chét bio vé cta 16p phi do cac chat_ dién li ngim vdo mang.

Sau do vai mﬁu EN30B dién tro mang giam khong dang ké va sau 8 tuan ngdm trong dung
dich NaCl 3% van gilt & mirc cao 13 3,9.10° Q.cm®. Trong khi do v&i cac miu EN20A va EN25A
dién tr& mang tlep e, glé,m nhanh khi thO’l ngam tang Sau 8 tudn ngam dién tr& mang clia mau
ENZOA va EN25A thap hon han hai mau trén (Rycua mau EN20A la 8,6.10" Q.cm’ va Ry cua
méu EN25A 13 3,6.10" Q.cm?).

- Céc két qua do téng trdé cho thay kha ning ngin. cach clia lorp pht phu thuéc vao loa1
khoang sét hitu co sir dyng. Trong 3 loai khoang sét nghién ciru khoang sét 30B cho 16p phi ¢6 .

95



kha ning che chén cao nhit, sau d6 dén khoang sét 20A. Lop phu epoxy nanocomposit trén co
s& khodng sét 25A c6 kha ning che chin thap nhit trong 3 mang epoxy nanocomposit.
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Hinh 2. Sy thay ddi gia tri dién tr& mang va dién phéan cuc ctia miu thép phii mang epoxy nanocomposit
theo thdi gian ngdm trong dung dich NaCl 3%

Twong ty nhir dién tré mang, ta thdy dién tré phan cyc cia cic miu ciing giam theo thoi
gian ngam trong dung dich NaCl 3%. Sy thay ddi cta dién trg phén cyc ciing phy thuge vio loai
khoang sét hiru co sir dung. Dlen trd phan cyc cila cac mau EN20A, EN25A, EN30B khong
khéc nhau nhiéu va déu cao hon rét nhiéu dién tré' phén cuc ciia mau epoxy. Tuy nhién theo thei
gian ngam trong dung dich NaCl 3% dl¢n trér phan cuc cia cidc mau EN20A va EN25A giam rat
nhanh, nhanh hon mau EN30B. Sau 8 tuan ngim trong dung dich NaCl 3% dle;n tr& phén cue
clia miu EN30B c6 gia tri cao nhit, miu EN25A c6 gia trj dién trd phan cuc thip nhét trong 3
mang epoxy nanocomposit nghién ciu.

Céc két qua do tong tré cho thdy kha ning bao vé ciia mang epoxy nanocomposit phu thudc
vio loai khoang sét hiru co sir dung. Trong 3 loai khoang sét hiru co nghién ciru, khoédng sét 30B
la loai khodng sét dugc hitu co hoa boi alkylamonium ¢6 mach alkyl ng:in hon va 2 nhom
hydroxyl cho mang nanocomposit ¢6 kha ning bao vé cao hon hai loai con lai. Trong 2 loai
khoédng sét 20A va 25A dugc hitu co hoa bai alkylamonium khéng chira nhom hydroxyl, khoang
sét 20A c6 mach alkyl dai hon va thing cho mang nanocomposit ¢é kha ning bao vé cao hon.

3.2. Phén tich ciu triic

Céu tric clia mang epoxy nanocomposit v&i cac loai khoang sét hiru co khac nhau dugc
nghién ciru be"mg phd héng ngoai, phd nhifu xa tia X va kinh hién vi dién tir quét.

Hinh 3 trinh bay pho hén ngoal cla cac mang epoxy va khoang sét epoxy nanocomp051t
Quan sat phd hdng ngoai, ta thay tit ca cac phé ciia khoéng sét €poXy nanocomp0s1t déu c6 céc
pic dic trung cia epoxy. Khong cé sy khéc nhau rd rét trong cAu tric clia cdc maing epoxy
nanocomposit. Phd hdng ngoai clia cac mang epoxy nanocomposit khic véi phd clia mang
epoxy 13 d8u c6 pic 468 cm™ dic trung cua lién két Mg-O trong khoang sét [10]. Diéu nay cho
thiy khoang sét hiru co dua vao khong thay dbi céu tric ctia mang epoxy.
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Hinh 3. Phd hdng ngoai clia mang epoxy va cic mang epoxy nanocomposit voi

cac loai khodng sét khic nhau

Mang epoxy nanocomposit ciing dugc phan tich bing phé nhiéu xa tia X. Hinh 4 trinh bay
phd nhiu xa tia X clia khoang sét hiru va cic mang epoxy nanocomposit.

Phé nhiéu xa tia X cho thiy céc loai khoéng sét hiru co khac nhau ¢6 cac khoang céch lop
$hac nhau, phu thudc vio loai amonium sir dung dé hiru co hoa. Khoang cach 16p dgo ciia cac
khodng sét hitu co [a 23,38; 22,05 va 18,50 A twong (ng véi cac khoang sét hitu co 20A, 25A va
30B. Tuy nhién phd cia cac 16p phi epoxy véi cac loai khoing sét hiru ¢o khéc nhau déu cho
thiy khéng con pic dic trung & cac ving ciia khodng sét hitu co. DPidu ndy tho thiy trong lop
phii epoxy nanocomposit cac tim khoang sét da bj tach rvi ra va phédn tan trong epoxy.
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Hinh 4. Ph nhidu xa tia X cua céc loai khoéné sét hitu co va 16p phi epoxy nanocomposit
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Ciu tric cia cdc mang epoxy nanocomposit dugc quan sat bang kinh hién vi dién tir quét
(SEM). Hinh 5 trinh bay anh SEM ciia cic mang epoxy nanocomposit.

Hink 5. Anh SEM bé mit cdc mang epoxy nanocomposit v&i cac loai khoang set khéc nhau
A
Quan sat anh SEM ta thdy cé céc céu tric tdm cua khoang sét trén be mjt mang. Mang

EN30B ¢6 cac tim khoang sét phan tan d&u hon hai mang con lai. Sy phén tan cia khoang sét
ndy c6 thé giai thich cho swr khac nhau trong kha ning b4o vé clia mang nanocomposit. Su phén
tan ndy phy thude vao loai alkyamomum str dung d& hiru co hoa khoang sét. Khoang sét 30B
phan tén t6t hon 2 loai con lai, didu ndy chimg té cac nhém hydroxyl trong mach alkyl cia
alkylamonium @4 ting kha nding phén tan ciia khodng sét trong mang epoxy.

o . 4. KET LUAN

\4
4

P nghién clru ché tao mang epoxy nanocomp051t tir 3 loai khoang sét hitu co khéc nhau la
khoang sét 20A, 25A va 30B. Kha ning bao vé chéng #n mon cia cac mang €poxy
nanocomposit d&u cao hon mang epoxy rat nhidu. Kha ning bio vé cia mang epexy
nanocomposit phu thudc vao loai khoéng sét hiru co sir dung. Trong ba loai khoang sét hitu co
nghlen ciru, khoang sét 30B cho mang epoxy nanocomposﬂ c6 kha ning bio vé& chéng in mon
cao nhit. f

Céc két qua phén tich bing phd nhiéu xa tia X cho thrfly v@i ca 3 loai mang nanocomposit
cac tAm khoang sét déu dugc tach ra va phin tin déu trong epoxy. Khodng sét 30B la loai dugc
hiru co hoa bang alkylamonium cé chira 2 nhém hydroxyl cho mang epoxy nanocomposit ¢
khodng sét dugc phén tan déu hon ca.
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SUMMARY

STUDY OF THE INFLUENCE OF ORGANIC CLAY STRUCTURE ON THE CORROSION
PROTECTION PERFORMANCE OF EPOXY CLAY NANOCOMPOSITE COATINGS

Nanocomposite coatings based on epoxy resin and three types of organic clay (clay 20A;
clay 25A and clay 30B) were prepared. The clay concentration was 3% for all nanocomposite
coatings.

The corrosion protection properties of nanocomposite coatings were evaluated and
C@ompared with epoxy coating by electrochemical impedance spectroscopy. The structures of
coatings was analysed by infrared spectroscopy, X-ray diffraction and scanning electronic
microscopy. The results showed that all three organic clays enhanced significantly the corrosion
protectnon of epoxy coatings. The corrosion protection of nanocompos1te cohtmgs depends on
the organic clay used. Among three organic clays studied clay 30B gives the best nanocomposite
coatings for corrosion protection of carbon steel. The analyze by XRD indicated the exfoliation
of silicate nano layers in epoxy matrices. The surface observation by SEM revealed that the clay
30B was better dispersed in epoxy matrices than two other clays. M

Dja chi: ' Nhn bai ngay 2 thang 10 nam 2006
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