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NGHIEN CUU CHE TAO PHU GIA UC CHE AN MON
HALLOYSITE NANOTUBES CHUA BENZOTRIAZOLE
VA THU NGHIEM HIEU QUA TRONG LOP PHU EPOXY

Pham Thanh Hai’, Nguyén Trong Cuong, Nguyén Dinh Chinh, Pham Hong Thach

Tém tit: Phu gia irc ché dn mon halloysite nanotubes (HNTS) chita benzotriazole
(BTA) di duwoc ché tao va thir nghiém hiéu qua trong 16p phu epoxy. Két qua phan tich
XRD va SEM cho thay HNTSs nguyén liéu co thanh phan chinh la Halloysite-TA va
HaIonS|te 104, ¢6 cau tric dang ong nano voi duong kinh ngoai khoang 30- 80 nm, chiéu
dai ong khoang 0,5-1,2 um. Phwong phdp xu Iy nhiét va bién tinh bang ion Zn** da dwoc
st dung dé ndng cao dung lwong hap phu BTA trong HNTS. Két qud cho thdy, dung long
hdp phu BTA trong HNTS sau khi xit [y va bién tinh dat 15,46%KL, tang lén nhiéu lan so
véi trong HNTS ban dau. Bude dau thir nghiém cho thdy phu gia irc ché dn mon trén cé
hiéu qua chong an mon nhat dinh trong 16p phii epoxy.

Tir khéa: Uc ché dn mon; Benzotriazole; Halloysite nanotube.
1. MO PAU

Son phu la mdt trong nhiing bién phap hiu qua dé bao vé chéng an mon cho vat li€u kim
loai. Trong d6, phu gia wc ché an mon dong vai tro /quan trong dé dam bao kha ning bao vé
chbng dn mon cua mang son [1, 2]. Trude day, cac chat trc ché an mon v co nhu cromat hay chi
d6 thuong duoc phdi tron truc tiép vao 16p phu dudi dang pigment cho hiéu qua chbng an mon
cao, tuy nhién hién nay phuong phap nay da bi han ché str dung boi doc tinh cua chung [2]. Hién
nay, nhiéu hop chit hiru co da duoc phat hién cho hiéu qua trc ché an mon tt va than thién véi
mdi trudng hon, tuy nhién néu tron truc tiép cac hop chét hitu co nay vao 16p phu lai khong cho
hiéu qua t6t nhu cac chat e ché dn mon vo co, mit khac co thé lam giam tinh ning cua 16p phu
hoic khong dat duoc hidu qua bao vé chéng an mon mong muén [3, 4]. Tir d6, mot trong nhimg
hudng nghién ciru dugc quan tdm hién nay la ché tao cac hé phu gia Grc ché dn mon trén co s6 két
hop gitra chit e ché an mon hitu co vé&i cac vat lieu vo co cd cac mao quan trung binh
(nanocontainer). Cac chét trc ché an mon hiru co dugc chira bén trong cic mao quan cua
nanocontainer va duoc tiét ra dé bao vé vat liéu kim loai. Nhiéu nghién ctru cho thﬁy viéc su
dung nanocontainer chira chét tc ché an mon sé mang lai hiéu qua chéng an mon t6t hon so véi
phuong phap sir dung truc tiép chét trc ché an mon [3, 4].

Trong cac vat li¢u nanocontainer thuong dugce st dung nhu SiO, mao quan trung binh,
layered double hydroxides (LDH), HNTs, ong nano TiO,,... vat liéu HNTs co6 nhiéu vu diém noi
bat nhu c6 san trong tw nhién, gia thanh ré, trit lugng 16n, it doc tinh, vi vay, c6 kha ning tmg
dung cao [5]. Tuy nhién, HNT ciing c6 diém han ché 1a dung lugng hip phu chét trc ché in mon
con thap. Néu sir dung HNTs chua qua xir 1y, dung lugng hap phu BTA chi dat 4.5%KL [6], 2-
Mercaptobenzothiazole (MBT) dat 3%KL [7]. Chinh vi vay, viéc ning cao dung luong hap phu
chat trc ché an mon 1a van dé dit ra d6i véi HNTs. Da c6 mot s chién lwoc nham cai thién dung
luong hap phu cia HNTs duge dé xuat nhu xir 1y bang axit hodc bazo, xir 1y nhiét, bién tinh bé
mat [8-10].

Trong bai bio nay, ching t6i sir dung phuong phap xir Iy nhiét két hop bién tinh bé mit bang
ion Zn®* dé tang dung luong hap phu BTA trong HNTs. Sau d6 tién hanh khao sat hiéu qua ciia
phu gia rc ché dn mon trong 16p phu epoxy.

2. THUC NGHIEM

2.1. Nguyén li¢u, héa chit va thiét bi thi nghiém
Céc héa chat sir dung trong thi nghiém dugc liét ké ¢ bang 1:
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Bing 1. Cdc héa chat sir dung dé thi nghiém.

STT  Tén héa chat, nguyén li¢u Cong thirc héa hoc Do tinh khiét Xuit xir

1  Halloysite nanotube Al,Si,05(0H)4.nH,0  Nguyén liéuthd  Trung Quoc
(HNT-NL)
2 Benzotriazole CeHsNs 99% Trung Qudc
3 K&m sunfat ZnS0,.7H,0 99% Trung Quéc
4 Etanol C,HsOH 99,5% Viét Nam
5  Nhua epoxy - Cong nghiép Viét Nam
6  Chat dong rin polyamide - Cong nghiép Viét Nam
7 Butyl axetat CsH120, Cong nghiép Viét Nam
8  Natri clorua NaCl 99,5% Trung Qudc

Céc thiét bj chinh dung trong thi nghiém nhu sau: may khudy tir, bé rira siéu am, ti sfi'y, may
ly tam, 16 nung, thi€t bi phén tich nhiét trong lugng (TGA/DSC 3?, Me~tt|er Toledo), thiét bi do
hap phy - giai hap khi N, (BET-201-A, PMI), thi€t bi phan tich pho nhicu xa tia X (D8, Bruker),
kinh hién vi dién tir quét phan giai cao (SU 8010, Hitachi).

2.2. Quy trinh thi nghiém
a) Xur Iy nhiét

Can 5 g HNT-NL cho vao chén st chiu nhiét va nung & nhiét do 400 °C trong 3 gio, dé ngudi
va bao quan, ky hi¢u 1a HNT400.
b) Bién tinh HNT400 bang Zn**

Can 3 g HNT400 cho vao coc thity tinh, cho tir tir 60 ml dung dich ZnSO,.7H,0 0,06 M vao
va khuay déu, sau do cho vao bé siéu 4m 2 gio. Hon hop thu duoc mang di ly tAm, rira 3 1an bang

nudce ct, va sdy kho ¢ nhiét do 110 °C. Sau d6 dé ngudi, nghién min va bao quan, ky hiéu 1 Zn-
HNT400.

¢) Dung nap BTA vao trong Zn-HNT400

Can2g Zn-HNT400 cho vao cbe thuy tinh chira 40 ml dung dich BTA/etanol véi n’c;)ng‘ do
BTA 80 mg/ml, khuay tay r6i cho vao bé si€u am trong vong 2 gi¢. Sau do, thu phén ran bang
cach tach ly tdm, rira 3 lan bang etanol, va sy kho ¢ nhiét do 65 °C. D€ ngudi, nghién min va
bao quan, ky hiéu 1a BTA/Zn-HNT400.

e) Ché tao lé’p phii epoxy chira phu gia BTA/Zn-HNT400

Xtr 1y nén thép: chudn bi mau nén thép cacbon CT3 c6 kich thudc 15%7,5%0,1 (dai x rong x
day, cm), mai mon cac goc canh, rira sach ddu md bam trén bé mit bang xa phong, sir dung gidy
mai v6i kich thude hat 180 va 320 lan lugt danh sach gi sét bé mit, sau do rira sach bang nudc
cét, etanol rdi siy kho.

Ché tao 16p phu: pha epoxy véi dung méi butyl axetat (ti 18 khdi luong 1:1), thém 3%KL (so
v6i khdi lugng nhya epoxy) BTA/Zn-HNTA400, lan lugt khiy co 15 phat, rung siéu am 30 phut,
khdy co 15 phiit thu dugc hdn hgp phan A. Pha chat déng rén v6i dung moi (ti 18 khéi lugng 1:1)
duoc phan B. Phdi tron phan A v6i phan B theo ti 1¢ khéi luong A/B = 4/1, khudy déu khoang 15
phdt, diéu chinh d6 nhét, son 1én tAm nén thép da xur 1y, chiéu day mang sau kho khoang 55-65 pm.
2.3. Phwong phap phan tich va thir nghiém

Hinh thai c4u trac, thanh phan cua vt liéu dugc phén tich bang anh chup kinh hién vi dién tir
quét phat (SEM) véi do phong dai tir 10.000 dén 70.000 1an va phd nhidu xa tia X (XRD) sit
dung detector béng d(‘Sng, bude song A = 1,5406 A. Dién tich bé mat riéng, thé tich va kich thudc
16 x6p cua vat liéu duge phan tich bang phuong phap hap phu - giai hip khi N,. Dung lwong hip
phu BTA duoc x4c dinh bang phuong phap nhiét trong lugng (TGA) & dai nhiét do 25-800 °C,
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Vi toe do gia nhiét 10 °C/min, trong moi truong khi Np. Do bam dinh mang son duoc do bang
phuong phap cat theo ti€u chuan TCVN 2097:2015. Kha nang chong an mon cua 16p phu dugc
khao sat bang phuong phap ngdm mau l6p phu cé vét cat trong dung dich NaCl 3,5%KL.
3. KET QUA VA THAO LUAN

3.1. Hinh thai ciu tric, thanh phan cia HNT-NL

Hinh thai cAu tric, thanh phan cia HNT-NL dugc phan tich bang nh chup SEM va pho
XRD. Anh chyp SEM dugc thé hién trong hir]h la cho thay HNT-NL ¢6 cau truc dang ong nano,
v6i duong kinh ngoai khoang 30-80 nm, chiéu dai ong khoang 0,5-1,2 um. Phé nhi€u xa tia X
duoc thé hién trong hinh 1b cho thay HNT-NL c6 cac dinh ¢ 9,07° (Halloysite-10A, JCPDS No.
24-1489) va 12,17° (Halloysite-7A, JCPDS No. 24-1487) va 20,29" , 25,09°, 35,17°, 38,41°,
54,67°, 62,60° (Halloysite-7A va Halloysite- 10A), ngoai ra c6 mot so dinh cua tap chat ¢ 18,11°,
26, 82° va 30, 13° Nhu Vay, HNT-NL c6 thanh phan chu yéu 1a Halloysite-7A va Halloysite-10A.
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Hinh 1. @) Anh chup SE, b) Phé XRD ciia HNT-NL.
3.2. Tinh chit cia HNT-NL sau xir Iy, bién tinh va dung lwgng hip phu BTA
Bang 2 liét ké két qua két qua thu dugc tir do hép phy N, cia HNT-NL, HNT400 va Zn-
HNT400. Co thé thay sau khi xtr Iy nhiét dién tich bé mat thay doi khong nhiéu nhung thé tich
16 x6p va duong kinh 16 tang 1én r6 rét. Sau khi bién tinh, dién tich bé mat va thé tich 16 x6p cua
Zn-HNT400 deu tang 1én gan 2 lan so véi HNT-NL, tuy nhién, duong kinh 16 trung binh lai
giam xudng. Viée tang dién tich bé mat va the tich 16 x0p s tao di€u kién dé tang dung lugng
hap phu BTA.

Bing 2. Két qua do hdp phu N.

Vit liéu Dién tich bé mit riéng Thé tich 156 xop Puong kinh 16 trung binh
(S, m%g) (V,.cm®g) (4V/S, nm)
HNT-NL 63,17 0,1832 11,6
HNT400 57,18 0,2745 19,2
Zn-
HNT400 110,27 0,3416 12,4

Dung luong hép phu ciia BTA trong HNL-NL, HNT400 va Zn-HNT400 dugc xac dinh bang
phuong phap TGA. Hinh 2 thé hién sy thay doi khéi lugng ctia cac mau vat liéu khi gia nhiét qua
phép do TGA. O khoang nhiét do 120-400 °C, cac miu da hap phu BTA c6 su giam nhiét do
nhét dinh so v6i mau vat liéu ban ddu HNT-NL, day la khoang nhiét do ‘ma BTA bay hoi va phan
hay [11, 12], do do, ti 18 sut giam khéi luong & khoang nhiét do nay gan nhu 14 ti 18 khéi luong
BTA dung nap vao trong vat li¢u. Ti 1€ phan tram sut giam khéi lwong trén BTA/HNT-NL,
BTA/HNT400 va BTA/Zn-HNT400 do duoc lan lugt 1a 3,77%, 7,68% va 15,46%. Co thé thay,
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dung luong hép phu ciia HNT-NL khong chénh léch nhiéu so véi két qua da duoc cong bd
(4,5%) [13]. Tuy nhién, sau khi xu Iy nhiét va bién tinh, dung lugng hap phu BTA tang 1én rd
rét. Sau khi xur ly nhiét, dung luong hép phu ting 1én khoang 2 lan, ti 1& nay ciing kha gan voi sd
lidu duoc cong bd trong mdt cong trinh nghién ciru gan ddy [14], trong cong trinh nay cac tac gia
cling da xir Iy HNT & 400 °C, dung luong hap phu BTA dat 8,3%. Tai lugng BTA trong Zn-
HNT400 da tang 1én khoang 4 1an so véi HNT-NL, két qua nay c6 thé 1a do su két hop giira viéc
tang khong glan dung nap nho xur ly nhiét va tang sy tuong tac gitra BTA voi bé mat nho sy cd
mit ciia Zn** . Dang chu y 1a anh huong ciia mét s6 cation kim loai dén sy hap phu cua BTA cling
da duogc nhic dén trong mot sb cong trinh nghién ctiru gan day [15, 16]. Zn®* ¢6 thé da anh huong
dén ciu trac dién tir cia bé mat HNTs, lam ting cudng su tuong tac gitra BTA v4i bé mit nay.
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Hinh 2. Gidn d6 TGA ciia HNT-NL, BTA/HNT-NL, BTA/HNT400 va BTA/Zn-HNT400.
3.3. Thir nghiém hiéu qué chdéng in mon trén 16p phi epoxy

BTA/Zn-HNT400 dugc thir nghiém lam phu gia (rc ché an mon trong 16p son 16t epoxy. Hai
tinh néng quan trong nhat cia 16p son 16t 1a d bam dinh va kha nang chong dan mon da dugc
khao sat.

Két qua thu nghiém d¢ bam dinh theo phuong phép cit dugc thé hién & hinh 3, véi ludi cét co
khoang cach duong cat 1 mm, vét cat hoan toan nhan, khong c6 mang bong ra, cho thay d6 bam
dinh cua 16p phu khi c6 va khong c6 phu gia BTA/Zn-HNT400 déu rat tot, dat diém 1 theo
TCVN 2097:1993. Nhu vay, viéc thém phu gia nay vao trong nhya epoxy khong 1am anh huong
deén d6 bam dinh cuia mang son.

Epoxy BTA/Zn-HNT400+Epoxy
Hinh 3. Po d@é bam dinh bang phwong phdp cdt theo TCVN 2097:2015.
Hinh 4 thé hién két qua ngdm miu son epoxy d6i ching (miu son epoxy thudng, khong chira
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phu gia trc ché an mon) va son epoxy co chira 3% BTA/Zn HNT400 trong dung dich NaCl 3,5%.
C6 thé thiy sau 24 gid ngdm mau, tai cac vét cat da xut hién gi sét, tuy nhién, mic do gi cua 16p
son c6 chirta BTA/Zn-HNT400 it hon so v6i 16p son epoxy thuong. Sau 48 gid, mirc d6 gi ting
1én, van c6 thé thdy mirc d6 gi ciia 16p son c6 phu gia it son so voi 16p son thuong. Bude dau cho
thiy phu gia BTA/Zn-HNT400 c6 kha ning trc ché an mon nhét dinh khi 16p phii b ton thuong.

24 h 48 h

Epoxy

BTA/Zn-HNT400+Epoxy
Hinh 4. Cdc mau son truGe va sau khi ngdm 24 gic va 48 gio trong dung dich NaCl 3,5%.
4. KET LUAN

Trong nghién ciru ndy, chung toi da sir dung phuong phap xir 1y nhiét két hop bién tinh bang
ion Zn®* @é ché tao dugc phu gia irc ché an mon chira BTA trong chit mang halloysite nanotube
v6i dung lugng BTA ting 1én dang ké, dat 15,46 %KL. Budc dau thir nghiém cho thay phu gia
{rc ché an mon trén c6 hiéu qua bao vé nhat dinh trong 16p phi epoxy.

Léi cam on: Nhom tac gia cam on su tdi tro' vé kinh phi tir Chwong trinh Nghién ciru dinh hudng cho
can bo tré nam 2021 cua Vién KHCN QS va Vién Nhiét doi moi trieong.
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ABSTRACT

PREPARATION AND ANTI-CORROSION EFFECT OF BENZOTRIAZOLE-LOADED
HALLOYSITE NANOTUBES IN EPOXY COATING

Benzotriazole (BTA)-loaded halloysite nanotubes (HNTs) was prepared and its anti-
corrosion effect was tested in epoxy coating. The XRD and SEM results showed that the
raw HNTs is mainly composed of Halloysite-7A and Halloysite-10A with the tubule
shapes, which have an outer diameter of approximately 30-80 nm and a length of
approximately 0.5 -1.2 um. The thermal treatment and Zn** modification methods were
used to improve the BTA loading capacity in HNTs. The results showed that the BTA
loading capacity in treated HNTs reached 15.46 wt%, which increased many times
compared to the raw HNTSs. Initial testing shows that the material exhibited a corrosion
inhibitive effect in epoxy coating.

Keywords: Corrosion inhibition; Benzotriazole; Halloysite nanotube.
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