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LOI CAM POAN

To61 xin cam doan luan 4n nay la cong trinh nghién ctru khoa hoc dc 1ap cua riéng
to1, dugc thuc hién dudi sy hudng dan cua TS. Phan Thanh Thao va PGS.TS. Td Thi
Xuan Hang. Tt ca cic két qua nghién ciru cling nhu cac két ludn trong ludn 4n nay 1a
hoan toan trung thuc, va cam két khong sao chép tir bat ky mot ngudn tai liéu nao, dudi
bat clr mot hinh thirc nao. Db véi cac khai niém, phuong phéap phan tich, cac luan diém
va cac két qua nghién ciru duogc tham khao tir tai lidu va cong trinh cong bd trudc day
déu da duoc thyc hién trich din va ghi rd ngudn tai liéu tham khao ding quy dinh.

Tac gia luan an

Tran Boi An
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LOI CAM ON

T6i xin bay to 1ong biét on sau sic va sy kinh trong dén TS. Phan Thanh Thao va
PGS.TS. T6 Thi Xuan Hang. Cac Thay C6 da tan tam gitip d&, dinh huéng nghién ciru,
hudng dan khoa hoc va chi bao tan tinh, dong vién khich 1¢ ciing nhu tao moi diéu kién
thuan lo1i cho t6i trong subt qué trinh thyc hién ludn an tién sy nay.

T61 xin chan thanh cdm on Ban Lanh dao Vién Cong nghé Hoa hoc, Hoc vién Khoa
hoc va Cong nghé — Vién Han 1am Khoa hoc va Cong nghé Viét Nam cuing cac Thay
C0, anh chi cong tac tai Vién, Hoc vién da quan tdm giap do, tao diéu kién thuan loi cho
toi trong subt qua trinh hoc tap va nghién ctru thyc hién luan an.

Téi cling xin cam on cac anh/em dong nghiép tai Phong Hoéa Nong — Vién Cong
nghé Hoa hoc, cac anh/chi tai Phong Son phu bao vé — Vién Ky thuat Nhiét doi da gop
¥, tur van, hd tro gitp t6i vuot qua cac khé khian dé hoan thanh tot nhat mot sb phan cong
viéc trong qua trinh thuc hién cong trinh khoa hoc nay.

Cudi cung va hon hét, t6i xin giri 161 cam on chan thanh t6i nhirng tinh cam quy
gia, nhirng 1061 dong vién khich 1€ cia Cha Mg, gia dinh va ban b¢ than thiét, von ludn la
nhirng diém twa vitng chéc, nhimg ngudi ludn dit va mong mudn va dit niém tin noi toi

s€ hoan thanh tot luan an tién sy cua minh.
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MO DAU

Vit liéu kim loai, dirng dau 1a sat thép, 1a nhom vat liéu dong gop chinh trong hau
hét cac nganh cong nghiép san xuit, dan dung va k¥ thuat cong nghé cao. Nganh cong
nghiép cang phat trién, kéo theo mat do kim loai str dung cang nhiéu. Tt nhitng khao
sat so bo cho thiy gan nhu tat ca cac cong trinh xay dung tir dan dung dén cic toa nha
cao tang va ca cong trinh giao thong cau duong déu sir dung vt lidu 1a sit thép hodc bé
tong cot thép. Trong qua trinh sir dung, cdu triic va tinh chat cua vat liéu kim loai bi
thoai héa ma chu yéu 1 do qua trinh &n mon. An mon giy ra nhiéu ton that trong linh
vuc cong nghiép boi nhitng khoan tién 16n cho cac chi phi thay thé, chi phi lip rap va
sau d6 1a chi phi can chinh céc chi tiét thay mé&i. Udc luong mdi nam trén toan thé gidi
c6 dén 1/5 luong sét thép san xut dugc dung dé thay thé cac bo phan, chi tiét thép bi an
mon, chi phi cho hang muc nay udc tinh 1én dén hang ty USD mdi nam.

Bén canh d6, hién tuong dn mon con 1a nguyén nhan chinh 1am gidm cong suat
van hanh may moéc thiét bi, 1am ro ri cac dudng dng dan chat 16ng, tir 46 lam nhidm ban
san pham (nhat 1a hé thdng din nudc va san xuét thyc pham). Vi vy ma & cac nudce
cong nghiép phat trién manh, mdi nim déu phai sir dung mot khoan kinh phi rat 16n dé
bdo vé cac cong trinh bﬁng kim loai va dé khic phuc céc su ¢d do an mon. Nhu & My,
udc tinh khoan chi phi dé khic phuc cac tén that do an mon gay ra 1a 70 ti d6 la (con sd
nay chiém khoang 4,2% gia tri GDP — tong san pham qudc ndi — cua My). Tuong tu tai
Uc, Nhat Ban va Anh khoan chi phi nay chiém khoang 3—4% gié tri GPD cua cac qudc
gia trén. Cac chi phi cho khic phuc, bao dudng hé théng san xuit do an mon giy ra tai
cac nha may c6 thé giam xudng chi con mot phan ba con sd trén bang cach liwa chon vat
lidu thich hop va quan trong hon 13 ing dung céc bién phép bao vé, chdng an mon thich
hop va hiéu qua. Trong cac phuong phap chong pha hity bé mat kim loai bang 16p phu
che chén bé mat, thi viéc st dung két hop chét trc ché an mon hodc dua vao ciu tric 16p
mang 13 phuong phap chéng dn mon kim loai cho hiéu qua tbt nhat.

Lanh thé Viét Nam c6 dic diém 1a hep va trai dai v6i dudng bo bién dai hon 3200
km, nén khi hau Viét Nam chu yéu 1a khi hau bién hodc anh hudng mdéi trudng bién.
Déc thu cho méi truong bién Viét Nam 1a khi hau nong va am, voi ham luong ion C1™
trong khong khi cao nén dé tham thau vao két cdu bé tong cot thép gay an mon va pha

hiy nhanh. P61 véi cac cong trinh va két cau xay dung trén bién, ving mém nudc cua



cac két cau bi anh hudng nghiém trong nhét vi day 1 ving bi ngam trong nudc bién khi
thiy triéu 1én, va bi phoi ra méi truong khong khi khi thay triéu xudng. Ngoai ra cac
cong trinh, két ciu bang kim loai ma dic biét 1a thép sir dung & ven bién hay ca nhiing
noi c¢6 khi hau bién ciing déu bi anh huong nghiém trong. Trén thuc té, hon 50% cac
cong trinh ¢ két cau bé tong va bé tong cdt thép dugc xay dung tai cac ving bién hodc
ngay trén bién déu da bi an mon, hu hong ning tham chi c¢6 cong trinh dd va dugc danh
gia la s€ bi pha huy chi sau tir 10—30 nam str dung. Ngoai nhitng hu hai do an mon bé
téng, trong moi trudng bién va nudc ngam, cac két cdu con bi pha huy do dn mon cbt
thép. Trudc thuc trang an mon kim loai ¢ Viét Nam hién nay, can thiét phai tim cac giai
phép bao vé kim loai va chdng dn mon cho cac cong trinh, chi tiét may moc co két cAu
kim loai ciing nhu cac két cAu bé tong et thép phu hop voi diéu kién dic thu Viét Nam.
Trong tat ca cac phuong phap bao vé kim loai, phwong phap dugc st dung hiéu qua nhat
cho dén gid 1a son phu bé mit két cau.

Cho dén nay, phan 16n phu gia chdng an mon c6 hiéu qua cao 1a cac hop chét cua
chrome (Cr). Tuy nhién, trong qua trinh st dung, cac hop chit nay c6 xu huéng giai
phong Cr(IV) va Cr(VI), 1a nhimg tac nhin gy ung thu, rit nguy hiém véi strc khoe con
ngudi. Do d6 ma cac nha khoa hoc di va dang nghién ciru khio sat tong hop cac hoat
chat wrc ché dn mon than thién méi trudng. Trong sé d6 co thé ké dén nhu cac chat vo
co (cac oxide va mubi kim loai, khoang cao lanh, hydrotalcite,...), hop chét hiru co (mot
s6 polymer va polymer dan dién, chiét xuat thuc vat va gan ddy duoc quan tim nhiéu 1a
graphene va cac dan xuit tir graphene) va cac vat liéu lai hoa ZnO—graphene oxide,
hydrotalcite—graphene oxide, polyaniline—graphene oxide hay cac composite
hydrotalcite—polyaniline, ZnO—polyaniline.

Tur tong quan tinh hinh nghién ctru trong nudc va ngoai nude, dé tai tap trung vao
“Nghién citu diéu ché vit liéu chong gi composite tiv Graphene Oxide bién tinh va
Polyaniline” véi myc tiéu nghién ctru tong hop composite tir graphene oxide sau d6 g
dung graphene oxide va cic composite trong mang son dé ché tao cac mang son chdng
an mon hiéu qua cao.

** Muc tiéu ciia luian an

Luan an duoc thuc hién véi cac muc tiéu chinh nhu sau:



- Tong hop va nghién ctru ung dung graphene oxide (GO) trong mang son
polyurethane (PU) c6 hiéu qua chéng an mon thép CT3.

- Tong hop va phan tich tinh chat vat lidu lai hoa graphene oxide—ZnO (G—ZnO)
va graphene oxide—hydrotalcite (G-HT), ddng thoi nghién ciru kha ning chéng dn mon
thép cua vat liéu lai hoa G-HT, G-ZnO.

- Téng hop va phan tich tinh chit composite G—-ZnO/PAN va G-HT/PAN, nghién
ctru kha ning chéng dn mon thép ciia cac composite nay.

- Nghién ctru ing dung vat li¢u lai hoa G-HT, G—ZnO va composite G-HT/PAN,
G—ZnO/PAN vao mang son PU che phu trén nén thép CT3. Danh gia hiéu qua bao vé
clia mang son bang phuong phap do téng tré mang son qua cac khoang thoi gian ngdm
mau mang trong dung dich NaCl 3,5%.

- Nghién ctru co ché chéng an mon, bao v€ thép CT3 cua GO, vat liéu lai hoa
G-ZnO, G—-HT va cac composite G-ZnO/PAN va G-HT/PAN trong mang son.

% Dong gop méi cia ludn an

- Tru6c hét, ludn an di tong hop thanh cong vat lidu GO theo phuong phap
Hummer cai tién va phan tich cac dac trung cAu tric cua GO, hiéu suat chéng an mon
cua GO téng hop dugc khao sat dat dén 77,48%, cao vuot hon so véi két qua da dugc
cong bd trude day.

- Ludn 4n ciing d4 tong hop thanh cong hai nhom vat liéu lai héa tir GO 1a G—20HT
va G-20ZnO dugc phan tich day du dic trung ciu tric va tinh chat hoa 1y va co kha
nang bao v¢ dién cuc thép CT3 trong dung dich NaCl 3,5% vai hi¢u suét chéng an mon
dat tuong tng 1a 71,96% va 75,78%.

- Lan dau tién da téng hop thanh cong vat liéu composite G-HT/2PAN, la sy két
hop ctia ba nhom vét liéu GO, HT va PAN véi hi¢u qua chéng in mon mau thép CT3
dat dén 95,49%

- Bén canh d6, luin 4n ciing d3 tong hop thanh céng composite G—ZnO/2PAN c6
hiéu suét chéng an mon dat 82,93%.

- Luan an da thuc hién khao sat ché tao cac mau mang PU chura cac vat liéu nghién
citu PU-(G-HT), PU—(G-HT/1PAN), PU—(G-HT/2PAN), PU—-(G—ZnO),
PU—(G—ZnO/2PAN) va khao st cac tinh chit mang son trén nén thép CT3. Mang



PU—(G-HT/2PAN) va PU-(G-ZnO/2PAN) c6 hiéu qua bao vé kim loai t6t khi ngdm
mAau mang trong dung dich NaCl 3,5% dén 30 ngay.

- Ngoai ra, dua trén nhimg két qua nghién ctru, luan 4n da phan tich va xac dinh
dugc nhiing co ché chong dn mon cua céc vat liéu tong hop dugc ddi voi thép CT3 trong
dung dich NaCl 3,5% ciing nhu cac co ché hoat dong bao vé nén thép CT3 cua cac vat
liéu nay khi dugc str dung trong mang son PU.

< B6 cuc luin 4n
Luan an duoc trinh bay gdm 145 trang, 21 bang va 92 hinh, tham khao 114 tai liéu,
trong d6 c6 04 tai liéu tiéng Viét va 110 tai lidu déu la tai liéu tiéng Anh. Bao gém cac
phan:
Chuong 1: TONG QUAN
Chuong 2: THUC NGHIEM
Chuong 3: KET QUA — THAO LUAN
Trong chuong ndy, luan an trinh bay két qua nghién ctru véi cac ndi dung chinh:
- Nghién ctru ing dung graphene oxide (GO) trong mang son Polyurethane bao vé
kim loai.
- Téng hop vat liéu lai hda G—HT va G—ZnO va khao sat hi€u qua bao v¢ kim loai
- Téng hop vit liéu composite G-HT/PAN va G-ZnO/PAN va khao sat hiéu qua
bao vé kim loai
- Khao sat hi€u qua bao v¢ kim loai cua mang son PU chita composite G-HT/PAN
va G—ZnO/PAN
Két luin
Danh sich cac cong bd khoa hoc lién quan dén luin 4n

Tai liéu tham khao



CHUONG 1: TONG QUAN

1.1. Téng quan vé chdng in mon kim loai
1.1.1. Khdi niém va co sé ly thuyét vé ian mon kim loai

An mon kim loai 13 sy pha huy kim loai khi kim loai twong tac véi cac yéu té trong
moi truong xung quanh [1, 2]. Tuy theo didu kién phan tng x4y ra ma in mon dugc
phan loai thanh 2 dang an mon chinh 1a &n mon héa hoc va an mon dién hoéa, trong mot
vai truong hop 1a sy két hop ciia ca 2 dang dn mon nay.

— An mon héa hoc: 1a loai an mon xay ra khi kim loai c6 phan trng hoa hoc véi cac
yéu to ctia moi trudng xung quanh nhu cac khi, hoi ¢6 hoat tinh cao (02, Cl, S»...) va
hoi nudc & nhiét do cao, kim loai chuyén thanh ion duong va dich chuyén vao trong moi
truong hodc két hop véi cac anion ¢ trong méi truong tao san pham 1a cac hop chat bén
[3]. D6i voi dn mon hoa hoc, ¢ nhi¢t d§ cang cao thi tde dd an mon cang 16n va trong

qua trinh &n mon khong sinh ra dong dién.

t°c
2Fe + 3Cl, — 2FeCl, (1)
3Fe + 20, — Fe0.Fe,0; (2)
t°c
3Fe + 4H,0 (hoi nwéc) — 2Fe;0, + H, 3)

— An mon dién héa: 1a hién tugng hoa tan kim loai & mot dién thé phu hop, khi
kim loai tiép xuc voi dung dich dién li, hinh thanh hai ving anode, cathode va cé sy
chénh léch dién thé lam phat sinh dong dién di chuyén giita hai ving nay. Nhu vy, ban
chat ctia an mon dién hoa 1a mot qua trinh oxy hoa—khir tai bé mit tiép xuc gitra hai pha:

kim loai va dung dich di¢n li.

Cycam duong

NEN THEP

Hinh 1.1. M6 hinh qua trinh an mon dién hoa.



Theo mo hinh qué trinh an mon di¢n hoa ¢ Hinh 1.1, phan rng & ving anode 1a
phan g hoa tan kim loai. Cung lac d6, cac phan tng & cathode tiéu thu tat cac cac e~
dugc giai phong ¢ cathode tao thanh mét dong dién khép kin. Phu thudc vao moi truong
ma cac phan tng & cathode s& bao gdbm: qua trinh khir kim loai, ling dong kim loai, tiéu
thu Oz hoic sinh khi Ha. Khéac véi &n mon hoa hoc, qua trinh dn mon dién héa dién ra
véi tde d6 nhanh hon va khong can nhiét d6 cao. Do do, chéng an mon kim loai chu yéu
1a chdng cac qua trinh an mon dién hoa.

Trong ludn 4n ndy, chung t6i dé cap dén van dé n mon trén nén thép CT3, nén
phan mg dn mon dién hoa duoc thé hién theo nguyén t6 Fe. V&i méi trudng khong khi
kho, thép chi bi an mon hda hoc & nhiét dd cao. Trong khong khi 4m va & nhiét do
thudng, hoi 4m tao mang nudc trén bé mit thép va tai day xay ra qua trinh an mon theo
co ché dién hoa.

— Phan ng anode: kim loai chuyén thanh ion va tach khoi bé mit di vao dung
dich dién ly va giai phong dién tir theo phan tmg (4). Khi do, trén bé mat kim loai du

dién tich am va cac e~ ¢ vung anode dugc chuyén dan dén vung cathode.

Fe + HOH — FeOH' + H* + 2 ¢ (4)
FeOH' + HOH — FeOOH + 2H' + 2¢ (5)
— Phéan rng cathode:
FeOOH + e — Fe;04 + HO + OH™ (6)
Tiép theo: Fes04+ -0, + = H,0 — 3Fe00H (7)

Trong khong khi, FeOH" va OH™ tac dung véi Oz va H>O tao thanh Fe(OH)., FeO,
Fe203 va hdn hop nay tao thanh 16p ri sit. Theo thoi gian, ri st phat trién thanh cac 16p
x6p va lam giam tdc do an mon thép.

—  Qua trinh dan dién: cac dién tir do kim loai giai phong theo phan tng (4) s& di
chuyén tir anode t&1 cathode, con cac ion dich chuyén trong dung dich. Nhu vay, su an
mon dién hoa lam phat sinh dong dién di chuyén trong hé kin kim loai — chat dién 1i va
hoat dong nhu mot pin di€n hoa.

Khi ngudn cung cip oxy bi han ché, cac ion sit dugc tao ra & ving anode sé& két
hop véi cac ion hydroxyl & viing cathode dé tao thanh hydroxide sat hoa tan (Fe(OH)).
Tuy nhién, khi tiép thém oxy, hydroxide st s& bi oxy hoa thanh san phadm an mon khong

hoa tan (Fe203.H20), didu nay sé kim ham phan tmg dn mon xay ra. Khi ¢6 mit chat



dién i nhu NaCl, FeCl, duoc tao thanh & anode va NaOH & cathode. Cac hop chét nay

tan trong nudc, kho bi oxy héa, va do do co thé di chuyén khoi bé mat chat nén dé tao

Fe(OH), theo phan tng (8), tiép theo d6 Fe(OH), phan tmg v6i O, theo phan Gng (9)
sinh san pham Fe>03.H,0 con dugc goi 1a gi.

FeCl, + 2NaOH — Fe(OH), + 2NaCl (8)

4 Fe(OH), + O — 2Fe:03.HO + 2H20 9)

pé ngan chan dong dién gitra anode va cathode, do d6 ngan chan sy an mon, phan

ung anode hodc cathode phai dugc triét ti€éu hoac lam cham lai béng cach chén mot dién

tré ion giira hai phan tng [4]. Kim loai c6 cu trac khong dong nhit, tuy theo diéu kién

ché tao khac nhau ma ton tai cac pha kim loai khac nhau trong cung mot khdi kim loai.

MJi pha kim loai c¢6 dién thé khac nhau nghia 14 thé dién cuc do dugc ciing khac nhau.

Vay nén, trong méi trudng dién i, ching tao thanh cac cip pin té vi va gdy an mon kim

loai.

Céc yéu td anh hudng dén dn mon dién hoa bao gdbm cac yéu td bén trong 1a thanh
phén, td chirc, trang thai bé mat, ung suét trong kim loai va mot ) yéu td bén ngoai nhu
tac dong ciia méi trudng nhu nhiét do, ap suét, khong khi bui va vi sinh. Cac yéu td nay
lam phé huy 16p bao v¢, tang cudong ngung tu ém, tao diéu kién thuan loi cho kim loai

tiép xtc voi oxy hoa tan, [am tang toc qua trinh an mon.

1.1.2. Cdac phwong phap bdo vé kim loai
Hi¢u qua bao vé bé mit kim loai cia mang son la sy két hop cia mot hodc nhiéu
co ché bao vé khac nhau tuy thude vao céc yéu td nhu: loai nhua nén, chat don, chit tao
mau hay tham chi 1a chit ¢c ché an mon [1, 2, 5]. Nhin chung, phwong phap bao vé phd
bién nhét van 13 phwong phap phu che chin. Do hau hét cac loai nhya nén déu co do
bam dinh bé mat nhét dinh va ban chit che phu t6t nho mach phan tr dai, tao cAu tric
luéi chan day din, can trd dong khuéch tan cua céc yéu to tham gia phan ing an mon.

1.1.2.1. Phuwong phap phu bdo vé

Phuong phép nay st dung mét 16p vat liéu che phu trén bé mit kim loai nén nham
ngan su tiép xtc gitta kim loai v6i méi truong ngoai. Cac vat liéu duge sir dung 1am 16p
phu khac nhau s& ¢6 phuong phap ché tao khac nhau va dugc phan loai gdm:

— Phwong phdp phii kim logi: thudng dwoc thuc hién bang cach nhung chi tiét kim

loai vao dung dich kim loai long khéac, két tua dién hoa tur dung dich dién 1i hodc béng



phuong phap thim kim loai. Lép phit chdng an mon c6 dién thé chénh léch véi dién thé
pha huy cta kim loai nén. Lép phu c6 dién thé duong hon kim loai nén s& bao vé 16p
nén khoi méi trudng dn mon. V6i 16p phu c6 dién thé 4m hon kim loai nén, sé& c6 vai trd
bao v¢ vung cathode.

— Phwong phdp phii vé co 1a cac 16p men thiy tinh, men st dugc phi trén bé mit
kim loai nho céc phan ing héa hoc truc tiép xay ra trén bé mit kim loai hodc céc phan
ung dién hoéa. Lop phu c6 do6 sit chat cao va bam chat véi 16p nén, c6 tinh chét bao vé
cao 0 ca nhiét do thuong va nhiét d6 cao, chiu duwoc moi trudong kiém va acid. Tuy nhién
nhuoc diém 1a rat nhay cam véi tac dong co hoc va dé nit khi ¢ va dap.

— Phwong phdp son phii mang hitu co: gdm céc loai son mau va céac loai polymer
c6 kha ning tao mang che phu. Son phi chat hiru ¢6 wu diém linh dong trong xur 1y cac
su ¢6 an mon ciing nhu xtr Iy bao vé bé mit chdng dn mon chi tiét trude khi dua vao sir
dung. L6p pha son khéng thich hop bao vé cac chi tiét dat trong dit do kho ngin ngira
tac dong co hoc lam hong 16p son.

% Co ché ciia phwong phdp bdo vé che chin.

Phan ¢mg an mon tai cathode can Oz, HO va e~. Hau hét cac nha nghién ciru cho
1a téc d6 khuéch tan cac phan tir H>O va Oz xuyén qua 16p pht hitu co nhanh hon nhiéu
so voi tbe do tiéu thy, va do do khong duoc coi la yéu td x4c dinh téc d6 an mon trong
hau hét cac 16p phu hitu co [6].

Nudce, O, va céc ion

Lép phu hitu co

L& trong Hat mau

Nén kim loai

Hinh 1.2. M6 ta dwong khuéch tan cia cdc yéu t6 H>O, Oz va cdc ion tham thdu
qua mang son den bé mat kim loai [7].

Mot s6 hé nhua nén thuc su thé hién ban chat che chan oxy, dac biét doi véi cac

16p nhua nén dugc phdi tron nhiéu chat mau cé tinh chit che chian. Lop phu dong vai



trod nhu mot rao can vat Iy 1y tudng chdng lai sy khuéch tan cua nude, khi va cac ion tai
bé mat tiép xuc kim loai/lép phu. Nhimng loai nay cé cac dudng khuéch tan khac nhau
trong mot 16p phu (Hinh 1.2).

Qua trinh khuéch tan xuyén qua 16p nhya nén phu thudc vao do linh dong cua cac
phén tr polymer.

- Khuéch tan qua cac 16 rdng hodc cac khuyét tat twong ty trong 16p phi.

- Khuéch tan gilra cac mat, tai mat tiép xuc kim loai/lép phu hoac chit mau/chat
két dinh

Dé giam sy khuéch tan cua cic chit n mon qua nhitng con dudng niy vé co ban
c6 hai phuong phap khac nhau:

- Thtr nhét, nhua nén duogc ciu tao boi cac phan tr 16n co cAu trac cing hodc mat
do lién két ngang cao hodc co loai co cAu tric tinh thé. Tuy nhién, cAu tric cung va do
ctng 14 nguyén nhan 1am gion 16p nhya nén, va 1am suy giam céc dic tinh co hoc.

- Thr hai, sy hién dién cua phu gia giap can trd, kéo dai duong khuéch tan cua cc
yéu t& xdm nhap; diéu nay 1 do hinh dang hinh hoc, hinh thai dang phién hoic 16p (soi
thuy tinh, 14 nhém, oxide sét). bé ¢6 duge hiéu ung nay, doi hoéi can c6 mot luong 16n
phu gia phan tan trong son.

1.1.2.2. Phuong phdp sit dung chdt chéng dn mon

Chét chdng an mon 1a mot hop chit dung dé tron vao chét 16ng hodc chét khi, 1am
giam tdc d6 an mon cua vat liéu kim loai hodc hop kim. Chat chéng an mon hoat dong
theo co ché phan g véi cac tac nhan c6 trong mdi trudng tai bé mit tiép xuc kim loai
dé hinh thanh mét 16p bao phi, thuong 1a mot 16p thy dong (tro) dbi véi moi trudong an
mon, ngan can sy xam nhdp cua chét dn mon vao kim loai [7].

1.1.2.3. Phwong phdp sir dung chdt irc ché an mon

Day 1a phwong phap bao vé kim loai phd bién do cac chét wrc ché thuong dé ung
dung va c6 thé ung dung lién tuc, kha thuan loi. Chit (rc ché an mon kim loai 1a chat
chéng lai sy &n mon khi dugc thém vao moi truong lam vige cia kim loai voi né)ng do
nho nhung c6 tac dung giam dang ké téc do an mon [8, 9]. Phan tmg wc ché an mon
xay ra lién tyc va 1a phan tng thuan nghich, do d6 ma phai dam bao kiém soat dugc

nong do toi thiéu cua chat rc ché dé duy tri 16p mang chét trc ché trén tai bé mat kim
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loai. Chat trc ché c6 thé dugc sir dung doc 1ap hodc két hop dang hdn hop hai hay nhiéu
chét rc ché dé tang hiéu qua bao vé.

1.1.2.4. Phwong phdp bdo vé dién hoa.

Phuong phép bao vé dién hoa hoat dong theo hai co ché chinh gom:

% Co ché thu déng anode

Kim loai dugc bao v¢ hi¢u qua khi ma dién thé an mon dich vé phia duong hon,
nam trong vung thu dong hoa. Kim loai dugc thu dong hoa béng cach ap mot dong dién
an mon véi cuong do vuot qua gia tri toi han I, rat 16n réi moi giam dén cuong d6 trang
thai thu dong Ia. Bao vé anode khac vdi bao vé cathode & chd du tdc d6 an mon rat nho
nhung khong bao gid bang khong. Bao vé anode chi thue hién d6i voi kim loai va hop
kim c6 thé bi thu dong hoa véi dong I thap.

% Co ché bao vé cathode

Co ché tao dong dién di chuyén trén bé mit kim loai va & d6 chi xay ra cac qué
trinh cathode. Co6 hai phuong phép 1a stt dung dong dién ngoai va dung anode hy sinh.
Hiéu qua bao v¢ cathode Z duoc xac dinh twrong quan theo tdc do an mon kim loai &
trang thai tinh va luc bi phan cuc va dugc tinh theo cong thirc:

Z(%) = —P‘P x 100 (10)

Trong d6 icorr va ip 1a mat d§ dong an mon ¢ trang thai tinh va trang thai phan cuc
cathode. Phan tmg anode c6 thé bi dap tit néu 16p nhua nén c6 chira bot mau gde kim
loai kém bén hon sit, vi du nhu kém (Zn). Khi d6, co ché bao vé khong chi don thuan
theo co ché dién héa vén di can phai c¢6 luong phu gia du nhiu phan bd toan bo 16p
mang son, ma co ché bao vé thé hién thong qua lién két gitra hat—hat va hat—chét nén.
Ngoai ra, cac phan (mg x4y ra trong mang son sinh ra cac hydroxide va mudi carbonate
ctia Zn, Ca hodc Mg va cc phan tir ndy c6 thé chin cac 15 xp trong mang va tré thanh
rao can tot hon sau khi mat lién két kim loai—kim loai.

Dbi voi timg loai vat liéu trong g dung chdng an mon sé& hoat dong theo co ché
riéng so véi cac co ché trinh bay nhu trén. Mdi co ché cho hi¢u qua diac trung khac nhau
va cling c6 nhirng han ché nhét dinh. Vay nén st dung riéng ting loai vat liéu hay hoat
chat s& khong dat hiéu qua chong dn mon cao. Dé cai thién hiéu qua bao vé tot hon thi
mang son can c6 mot co ché hon hop, tuc 1a su phéi hop céac co ché khéc nhau dua trén

cac thanh phan vt liéu dua vao mang son. Trong nghién ctru nay, bude dau tong hop
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vat liéu composite trén nén tang két hop giira polyaniline va vat liéu lai hoa tir graphene
oxide GO-hydrotalcite (G-HT) va GO-ZnO (G—ZnO). M6t sd tong quan vé GO, HT,

ZnO va PAN sé& dugc dé cap chi tiét & muc tiép theo.

1.2. Graphene oxide va cac vat liéu lai héa irng dung bao v€ kim loai
1.2.1. Khdi qudt vé graphene oxide
Graphene oxide (GO) 1a tién chit dé tong hop graphene bang phuong phap hoa
hoc va ¢ dang thu hinh hoan toan giéng graphene véi c6 cdu triic mang luc giac hinh

thanh tir cac nguyén tir carbon nhu Hinh 1.3 [10].

Hinh 1.3. Cau truc mang luc gidc cua cdac tam mong graphene oxide.

Graphene duoc biét dén nhiéu bai cac tinh chit dic trung nhu d6 trong sudt quang
hoc cao, dan nhiét t6t nhat va c6 do linh hoat cao nhat trong sb céc vat liéu nano [11-
14]. Graphene 1an dau tién dugc phat hién bang phuong phép boc tach co hoc tir tinh
thé graphite 3D dé thu duoc mot 16p graphene duy nhat bang bang Scotch. Tir do,
graphene di dugc nghién ctru rong rai hon vé cac tinh chét cling nhu tong hop bang cac
phuong phéap khac nhau. GO c6 céc tinh chat gan giéng véi graphene va nhd cac nhom
chtrc trén bé mit, GO con c6 dd phan cyc thay d6i linh dong. Tuy thude vao muc dich
mg dung ma c6 thé bién tinh, gin cac nhém chirc can thiét trén ciu tric GO dé dap tng
céc tinh chit theo yéu cau. Vi vy ma GO duoc sir dung phd bién hon so v&i graphene.

Dé tong hop GO, trudc tién oxy hoa graphite bang chat oxy hoa manh (chang han
nhu acid sulfuric) bang cic phuong phap phd bién nhu phwong phap Brodie, phuong
phap Staudenmaier hay phuong phap Hummers va Offeman [15]. Séng siéu am hd tro
oxy hoa graphite, gin cac nhém chire chira O trén bé mit, gitp graphite oxide phan tan
duoc trong nude dong thoi hd trg tach co hoc ciu tric 16p graphite. Sau d6, graphite

oxide dugc boc tach thanh GO da 16p hay tham chi 1a don 16p.
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Dic biét, co thé tong hop GO tir than chi (v6i gia thanh thp) bang cac phuong
phap hoéa hoc khac nhau, hi¢u suit cao va hiéu qua vuot troi. Pac diém th{r hai 1a GO
tuy kho phan tan trong dung méi nhung lai kha dé& phan tan trong nudc va co thé tao
thanh chit keo nudc 6n dinh dé lién két cac cau trac vi mo véi chi phi thap hon. Mic du
bé mit ctia cac tim GO c6 mot s6 khuyét tat, nhung vé cau tric téng quat van rat giong

v&i graphene.

1.2.2. Ung dung via co ché bdo vé kim logi ciia GO

Do tng dung cua graphene van con han ché khong chi bdi chi phi san xuit
graphene con rat cao, ma con boi kho phén tan trong dung médi va c¢6 xu huéng bi két tu
khi str dung trong hé composite. Nén GO 1a vat liéu thay thé hoan toan hiéu qua cho
graphene béi cac tinh chét vat 1y, hoa hoc déu dat twong duong véi graphene trong khi
diéu kién tong hop lai don gian hon rat nhiéu. Bén canh d6, GO lai dé phan tan trong
cac dung moi hon so vadi graphene nén pham vi trng dung GO rdng rai hon va dugc xem
1a vat lidu nano tiém ning cho tmg dung tao mang bao vé va la ddi twong nghién ctru

mai co gid tri trong linh vuc bao v¢ va chong an mon kim loai.

1.2.3. Méang GO chéng én mon va bdio vé kim logi
GO dugc st dung lam nguyén li¢u ché tao mang bao vé bé mat kim loai béng cac
phuong phap tién tién bao gdm phuong phap ling dong dién di (EPD), phuong phap
ling dong hoi héa hoc (CVD), phwong phap nhung, xoay phit va phun phu [10, 16].

1.2.4. Mang son chiva GO va GO bién tinh trng dung béo vé kim logi
Dé ting hiéu qua chdng dn mon ciia son c6 thanh phan GO, cin phai ting tinh chat
dién, d6 dan dién cua GO ciing nhu do twong hop ctia GO trong hé son. Bién phéap hiéu
qua va dugc quan tim nghién ctru nhit 13 tong hop cac composite tir GO voi mot sb
oxide kim loai hay polymer nén. Trong thoi gian gn ddy da c6 nhiéu cong bd ching

minh GO dugc sir dung trong hé son thé hién duoc hidu qua chong an mon kim loai.
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Hinh 1.4. M6 hinh thé hién co ché bdo vé kim loai ciia GO trong mang son [16].

Co ché chdng an mon ciia GO trong nén son dugc Pourhashem cung cong sy chimg
minh chu yéu 14 co ché che chin nh¢ ciu tric 2D dang tAm cta vat liéu GO thé hién &
Hinh 1.4 [16]. GO ¢ ham luong 0,3 va 0,5% c6 hién tugng bi két tu, hinh thanh céc 15
x6p kich thude micro trong cu trac mang son, nhd d6 ma cac yéu té gy an mon cé thé
di chuyén dén tiép xuc nén kim loai va phan ing dn mon sé xay ra tai bé mit tiép xuc
nay. Nguoc lai, 0,1% GO dugc xac dinh 1a ham luong phu hop nhét, cac tim GO phan
tan déng nhit trong nén son epoxy, ting mat dé ndi ngang, giam mat do bot khi kich
thude micro va ting cuong kha ning che chin cua 16p son, chdng lai tac dong ciia H20,

02 va Cl, kéo dai thoi gian sir dung mang son.

——— o v = i = ——— e R e e T T AR T |
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N , Fe—Fe** + 2¢ Oz+2HzO+4e —40H-
Nén thép 4Fe*+80H+0,—2Fe,0,+4H,0

Hinh 1.5. M6 ta vai tro bao vé thép cua GO trong son epoxy voi GO c6 mirc do oxy
hoa cao (GO—a/EP) va thap (GO—c/EP) [17].

Mure d6 oxy héa GO c¢6 anh huong dén kha ning chéng in mon mang son epoxy

[17]. V61 cung ham lugng 0,1% so vdi son epoxy, GO c6 muc dd oxy hoda cang cao,
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kich thude tdim GO cang 16n, mat do nhém chue trén tam GO cling cao hon va tang hi¢u
qua che chin ciia mang son (Hinh 1.5).

Mang epoxy chita GO (EP—GO) va GO khtr (EP-rGO) duoc ché tao va nghién
clru trong méi trudng nude mudi, voi thoi gian phoi mau 1a 24 gio [18]. Mang son dugc
phu 1én tdm thép va ngdm trong dung dich NaCl nong d6 khdi luong 3,5%. Sau 24 gio
ngam, mang EP—GO bén mai trudng hon so v6i mang EP—rGO véi thanh phan nguyén
td Fe tai diém dn mon cua mau EP-GO chi 22,2%, trong khi véi mau EP-rGO c6 t6i
50,9% nguyén tb Fe.

1.2.4.1. Bién tinh GO véi cdc hop chit vé co, hitu co

Nhitng nghién ctru bién tinh bé mit GO d3 cai thién dang ké cac tinh chét co 1y,
tinh chat nhiét cua vt liéu GO, trong khi d6 lién két gitra cac tam GO khong bi anh
hudng va do do tinh cht bé mit GO khong thay ddi. Bén canh do, GO con dugc nghién
ctru bién tinh khong héa tri nhdm chuyén hoa lai héa sp? thanh sp?, 1am ting khuyét tat
trong cu tric tim GO va c¢6 nhiéu anh hudng dén tinh chét co 1y cua cac tim GO.

Bién tinh bé mit GO vé6i hop chat vo co dé ting tinh che chin va ngin chin cac
tac nhan xam nhap tir bén ngoai [16]. Nhu Lv. cing cong sy da ché tao rGO dugc bao
phu ca 2 mit cdu trac bai ZrOz va st dung trong nén son EP véi cac ham luong khac
nhau [19, 20]. Khi ngadm trong dung dich NaCl 3,5%, mang son EP chura 0,5% ZrO>-GO
cho hiéu qua chéng an mon vuot trol voi gia tri trd khang cia mang dat dén 81,8
GQ.cm?. Ciing theo hudng nghién ciru nay, Heng Yuan cing cong sy da bién tinh GO
v6i hat nano Ti ting cuong hi¢u qua chéng dn mon ciia mang EP [21].

Rekha M Y cuing cong sy di nghién ctru ché tao 16p phii composite Zn—GO va da
16p Zn—-GO—Zn bang phuong phap ling dong [22]. Zn d3 1am thay ddi vi cdu tric, hinh
thai ctia 16p phu. GO han ché qua trinh oxy héa 16p Zn bén dudi, tc ché qua trinh thim
thau/xam nhap cua cac ion OH™ va CI", nho d6 giam duogc tdc d6 an mon.

GO con dugc nghién ciru két hop véi hydroxyapatite (HAP) boi Xue cung cong su
va da thu duoc vat liéu GO/HAP c6 céu trac 6n dinh [23]. GO/HAP ¢6 co ché chéng an
mon 1a sy két hop hiéu qua giita GO c6 kha nang thu hut tat ca cac e~ sinh ra tir qué trinh
an mon. Trong khi d6, HAP lai c6 vai tro ¢d dinh céc ion CI- di tré trong nén son va tao

ra trang thai chlorapatite 6n dinh.
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GO dugc bién tinh v6i cac hop chat co chira nhom silane nhu tetracthoxysilan
(TEOS) [24], (3—glycidyloxypropyl) trimethoxysilane [25] va aminopropyl triethoxy
silane (ATPES) [26], lam tang d0 phan tan cua GO trong h¢ son theo d6 cling tang hi¢u

qua bao vé nén kim loai nhu moé ta ¢ Hinh 1.6.
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Hinh 1.6. M6 phéng céu tric 16p phit SGO/silan composites trén nén kim loai [24].

GO duoc bién tinh voéi cac hop chat hiru co nhu polyhedral oligomeric
silsesquioxane (POSS—GO) sir dung trong nén son epoxy (EP) & méi trudng bién [27],
hodc bién tinh véi nhitng nguyén t don gian hon nhu nitrogen (N), sulfur (S), phosphate
(P) thu duogc vat liéu NPS—GO st dung trong hé son tan trong nudc nhu melamine
formaldehyde va urea formaldehyde cho hiéu qua chéng dn mon cai thién dang ké [28].

Co ché chéng an mon caa GO bién tinh (MGO) duya trén kha ning gin cic nguyén
t6 hay nhom chtrc trén bé mit graphene, khi d6 MGO phan tan trong dung dich dé& dang
tao 16p mang trén bé mit kim loai khi tiép xtic nho tinh hip phy. Trong trudng hop nay,
GO c6 vai trd 13 16p phu hd trg ddng thoi luu giir cac chét Ge ché khi MGO hép phu trén
bé mit kim loai. Do d6 ma 1p phi bao vé trd nén day hon va bén hon.

1.2.4.2. Bién tinh GO véi hop chit cao phdn tir

Bén canh cac nghién ctru bién tinh GO véi hop chat vo co hodc hiru co, nghién

ctru tong hop bién tinh GO véi cac hop chét cao phan tir polymer di duoc thuc hién va
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cong bd hiéu qua chéng dn mon khi str dung trong mot s6 nén son. Nhom vat liéu nay
c6 tinh chat chéng dn mon cua ca vét liéu cdu trac nano va polymer. Polymer dugc sit
dung thuong phai c6 tinh bam dinh tét, twong tac héa tri lién két véi nhidu loai nén khac
nhau. Cac polymer da dugc nghién ctru nhu benzoxazine, polyaniline, polyurethane va
epoxy déu la nhiing polymer thong dung trong cong nghiép son [29-31].

GO bién tinh véi polyaniline hay oligo—aniline dugc sulphonate hoa da cai thién
dd phan tan, ting kha nang hoa tan trong dung moi st dung trong hé son epoxy. Thiur
nghiém ngdm mang son epoxy chira cic composite nay trong dung dich NaCl ndng do
3,5-5% déu cho hiéu qua chdng an mon dat 90-95% [32].

Ngoai polyaniline, polypyrrole (PPy) 1a polymer din dién duoc nghién ciru két hop
GO va cac composite PPy—GO gitip ting hiéu qua chdng dn mon cho mang epoxy [33,
34]. Véi composite PPy—GO, cic tdm nano sap xép vudng goc véi 16p phii gy can try
qua trinh khuéch tan cua cac yéu td gdy dn mon va nhd d6 han ché qua trinh dn mon.
Ngoai ra, cac nhom chirc amine trén mach chinh PPy tao lién két ngang trong mach
polymer anh huéng tryc tiép dén 16p phu epoxy. Mat do lién két ngang trong 16p
polymer ting, lam cho cac 15 x&p siéu nho trong 16p phil giam va do d6 ting hiéu qua
che chin.

Do twong hop cua GO vdi epoxy 1a yéu td quan trong can quan tim d6i véi cac
phan tng bién tinh GO. Trong s cac polymer, polyacrylate (PA) va polystyrene (PS)
c6 do twong hop tot v6i epoxy, do d6 mot sé nghién ctru da thyc hién bién tinh GO véi
PA va PS hay su két hop 1a poly(styrene—co—acrylate) [35-38]. Cac composite ndy déu
tuong hop tt v6i nén epoxy va cho hiéu qua chdng an mon kim loai vuot troi so voi
nén epoxy. Téc dd dn mon khi phii mang epoxy chira cac composite niy giam 3 1an so
v6i nén epoxy, diéu nay cho thdy cac composite nay da ting cuong tinh chit chdng in
mon cho mang son.

Tom lai, theo théng ké & Bang 1.1 vé cac két qua dat dugc da cong bd, GO va GO
bién tinh c6 mat trong son déu c6 giup cai thién hi¢u suit bao vé kim loai dat trén 70%
so v&i son epoxy hodc cac nén son khac. Cac nghién ctru trude day chu yéu khao sat véi
son epoxy, chura co nhiéu nghién ctru khao sat v6i son PU. Mit khac, cac nghién ciru da
phén thuc hién bién tinh GO véi hop chit vé co, hodc silan hoa bé mit GO dé tang kha

nang phan tan cua GO trong dung moéi. V41 mdt s6 hop chat ¢6 kha nang trc ché an mon
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va khong gay hai méi trudng van chwa duoc nghién ctru dé bién tinh GO ciing nhu hiéu

qua chong an mon cua ching. Trong s6 d6, cac vat liéu nhu ZnO, hydrotalcite c6 co ché

uc ché an mon dac trung, hay polyaniline trc ché an mon theo co ché cong hop boi cac

co ché khac nhau va céc nghién ctru bién tinh GO véi cac hgp chat nay van chua co

nhicu cong bo cu thé. Do do, muc dich cia ludn 4n nay nham thyc hién nghién ctru tong

hop céc vat liéu lai hoa va composite dya trén to hop vat liéu GO véi hydtotalcite, ZnO

va polyaniline va khao sat hiéu qua bao vé kim loai cta céc vat liéu tong hop duoc.

Bdng 1.1. Ung dung ciia GO va rGO trong mang son bdo vé kim logi.

Vit liu Nhua nén Ilf)‘:l‘ Két qua dat dwoc TLTK
, Mang son chtra 0,1% GO cho hi¢u qua | [16,
GO Epoxy Thep bao vé nén thép tot nhat. 35]
Sau khi ngam trong dung dich NaCl
‘ o | 3,5%, diém dan mon cta mau EP-GO c6
GO varGo Epoxy | Thép | 53 20% Fe va miu EP-1GO ¢6 50,9% Fe. | L1°)
rGO bao v¢ thép kém hon GO.
O mirc d6 oxy hoa cang cao, GO c6 kich
, thudc cang 16n, mat do nhém chuc cao
GO Epoxy Thép hon gitp tang hi¢u qua che chan cua (171
mang son.
Khi ngdm trong dung dich NaCl 3,5%,
Thép | mang son EP chta 0,5% ZrO>—GO co
rGO-ZrO; Epoxy Q235 | hiéu suét chdng dn mon vuot troi, Z = [20]
81,8 GQ.cm?.
... | EP—[0,6% GO/HAP] c6 tr¢ khang tin
GO-HAP Epoxy | Thep | 75 4<[% S0 v0i nén EP] SR 3
GO—-(Oligo—an
iline—sulphona Epoxy Thép | Hiéu suat chong an mon 90-95%. [32]
te)
.| Tang kha ndng phan tan trong EP va tang
PA-GO Epoxy | Thép | 1 s qua bio vé kim loai, [33]
GO-PS PET Thép | Hiéu suat chong an mon 99,5% [36]
\ . | Hiéu suat chéng an mon ciia NPS—GO
GO-N,P.§ | MEvaUF | Thép [ 00 UF 14.93% va trong MF 12 95%. | /]
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1.3. Vat liéu lai hoa graphene oxide—hydrotalcite va irng dung bao vé kim loai.
1.3.1. Khdi quat vt liéu hydrotalcite.

Hydrotalcite 1a mot trong nhitng loai hydroxide 16p kép & dang khoang tu nhién
va tong hop c6 hinh dang ngoai quan nhu ¢ Hinh 1.7(a,b). Trong s cac chit ran v6 co
dugc dung diéu ché nanocomposite hodc composite, hydrotalcite 13 vat liéu tiém ning
c¢6 thé duoc st dung dé ché tao composite hydrotalcite/polymer trén nén cac polymer
khac nhau. Uu diém cua hydrotalcite 1a dé tong hop trong phong thi nghiém dé co do

tinh khiét cao va dugc tng dung rong réi trong cong nghiép.

— [MIZME(OH), 1™
— [A77,nH,0]"
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Hinh 1.7. Vit liéu hydrotalcite trong tw nhién (a), dang tong hop (b) va mé hinh cdu
truc vat lieu hydrotalcite (c).
Cong thue hoa hoc dugce biéu dién nhu sau:
[M2*1« M**x (OH)2]An-—xn.mH>0
Trong do:
Céc ion M?* ¢6 thé 1a Mg?*, Cu?*, Zn?*, Ni%* hodc Mn?".
Cac ion M** ¢6 thé 1a AI**, Fe** hodc Cr**.

Anion A~ 1a OH, F, CI-, Br, NOs~, COs%", SO4.



19

CAu trac hydrotalcite 1a sy xép chdng ciia cac 16p dién tich duong xen k& voi cac
anion ngdm nudc. Cac cation kim loai s& nam & trung tdm cta khoi bat giac, cac nhom
hydroxyl (—OH) dugc dit & cac dinh cta ching (Hinh 1.7(c)). Cac khi bat giac nay co
chung céc canh, tao thanh cac 16p ion c6 di¢n tich can béng, cac lop ion nay lién két chat
ché& voi nhau théng qua cac lién két hydro. Trong ciu tric nay, c6 sy thay doi cua cac
cation dong hinh hoa tri III thay cho céc cation hod tri II tao ra dién tich dwong trong
céc 16p. Do d6 cac anion phai co mit giita cac 16p dé giup can bang dién tich. R4t nhiéu
loai anion c6 thé xen vao giira cdu tric cta hydrotalcite nhu: anion hitu co, anion vé co,

anion hiru co—vo0 co.

1.3.2. Ung dung hydrotalcite lam vit ligu chong dn mon kim logi
Hydrotalcite rat c¢6 hiéu qua chong dn mon kim loai nhd kha ning trao d6i anion
linh hoat. Cac nghién ctru chirng minh khi bé mit kim loai tiép xtic v6i dung dich in
mon c6 phan tan hydrotalcite, s& hinh thanh 16p mang hydrotalcite nho qua trinh hip
phu trén bé mat cta kim loai, khi d6 16p mang hydrotalcite giup ting déng ké kha ning
bao vé kim loai nho co ché han ché sy xam nhdp cua céc ion tan cong do do chéng an

mon cua bé mat bén duoi.

'STPP-LDHS— ﬁ

Tripolyphosphate

- Hinh thanh 16p bao vé & l
n mon tidp xtc véi

nén kim loai

Hinh 1.8. Co ché chong dn mon ciia mang epoxy chita STPP—HT [39].

Hydrotalcite dugc silan hoa bé mit véi tetra—n—isopoxyzirconium (TPOZ) va

3—glycydoxypropyltrimethoxysilane (GPTMS) [40], y—aminopropyltriethoxysilane
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(APS) va dodecyl sulfonate (DS) muc dich 1am tang kha nang phan tan [41]. C6 thé ting
hiéu qua trc ché an mon bang cach bién tinh hydrotalcite v&i cac hoat chat e ché gin
trén bé mat cau triic hydrotalcite thong qua cac lién két vat 1y hay chat lién dién, hodc
xen cai vao 16p céu trac cua hydrotalcite bang phan tng trao d6i anion hodc tai cdu triic
hydrotalcite nhu thé hién ¢ Hinh 1.8.

Céc ion vanadate dugc dua vao 16p xen cai cta hydrotalcite h¢ Mg/Al hodc Zn/Al
va dugc giai phong co kiém soat vao hé son [42]. Hé son chira hydrotalcite
Zn/Al-vanadate c6 hi¢u qua rc ché an mon trén hop kim A1-2024 tot hon han va c6 thé
s0 sanh véi cac hé tc ché chromate khong than thién méi trudng.

Decavanadate dugc dua vao céu trac hydrotalcite theo co ché trao d6i anion va khi
ZnAl-V trong mang son, ion vanadate dugc giai phong dan vao mang son, dong vai tro
trc ché dn mon x4y ra trén nén kim loai [43]. Két qua thir nghiém mu mubi mau kim loai
duoc phu son chira ZnAl-V cho thiy 16p son pha bao vé nén kim loai hiéu qua dén 1000

gi® phoi mau.

pifed _ @D ) P OO © OO O®
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coating

NO,-LDH+ CI-— CI-LDH + NO;

LDH-MoO,* + 2CI'— 2C1 — LDH + MoO,*-
‘ ‘ Fe+2e— Fe2* H,0+ 1/20,(g) +2e— 20H" |

Fe + MoO2 — [Fe'...... MoO2 ] | 2Fe**+20H-+2NO, —> 2NO+ Fe,0,+ H,0
(a) (b)
Hinh 1.9. Co ché bdo vé thép ciia I6p son phii ¢6 chita Mo—HT (a) va NO—HT (b)
[45, 46].

Dandan Li ciing cong su khao sat diéu ché hydrotalcite Mg/Al mang anion WO42~
va ung dung trong mang son bao v¢ hop kim Mg [46]. Mat d¢ dong an mon do duogc
trén mau mang son epoxy chira Mg/Al-WO,>~ phu trén nén hop kim Mg 1a 3,042
uA/cm?. Két qua tong trd EIS cho thdy mang son ¢ hiéu qua tre ché dn mon tét trén ca

bé mit hop kim Mg va cac kim loai khéc.
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Nhom nghién ciru cia PGS.TS. Té Thi Xuin Hing da c6 nhiéu cong bd nghién
ctru bién tinh hydrotalcite véi chat e ché dn mon 2—benzothiazolythio—succinic acid
(BTSA) va benzoate (BZ) [47, 48]. Sau d0, st dung trong son epoxy, polyurethane va
theo ddi tinh chat chdng an mon str dung phuong phap dién hoa.

Bén canh d6, mot loat cac hoat chat e ché an mon cling da dugc nghién ctru xen
cai vao cau triic ciia HT theo c4 hai phuong phap dong két tia va trao doi anion nhu
2—mercaptobenzothiazole (MBT) [38], sodium tripolyphosphate [39], cerium(III)
nitrate [44], nitrite [49] va molybdate [45]. Tai phan tmg &n mon, anion NO2~ va MoO4s>~

c6 xu hudng phan Gng v6i Fe?*, qua trinh trc ché theo cac phan tng nhw Hinh 1.9.

1.3.3. Co ché chéng dn mon ciia hydrotalcite

Hydrotalcite thudng bao vé chit nén kim loai theo co ché hinh thanh hang rao vat
ly, co ché tu phuc hdi nho dic tinh trao ddi anion va co ché khang nudc. Hydrotalcite
c6 mat trong mang son hodc 1&p phu lai hoa hiru co/vo co s€ c6 vai tro 1a 16p bao vé vat
1y ngan sy tham thau ctia khi am va oxy, hodc giai phong c6 kiém soat hoat chat trc ché
an mon. Véi co ché nay, hydrotalcite phan tan trong son s& cai thién kha nang che chan
ctia 16p pha hitu co do 1am tang chiéu dai dudng khuéch tan ciia nudc va cac ion gy an
mon dén bé mit tiép xtic gitta kim loai va 16p son. Co ché nay cua hydrotalcite twong tur
v6i cac phy gia co cdu trac 10p khac (vi du nhu graphene oxide). Nhu véy, ban than
hydrotalcite khong thé hién dugc tic dung bao v¢ kim loai ma can phai bién tinh
hydrotalcite bang cach xen cai cac anion hoic hop chat chéng dn mon kim loai vao cau
truc cua hydrotalcite. Khi d6 hydrotalcite vira bao vé kim loai theo co ché che chan vat
ly, vira ting hiéu qua bao vé kim loai ctia mang son nhd hiéu tng trao dbi anion giira
cac ion xen trong cau tric hydrotalcite v6i ion trong dung dich dn mon khi khuéch tan
qua mang son. Bén canh cac nghién ctru bién tinh hydrotalcite v6i cac hop chat chong
an mon nhu da cong bo, hydrotalcite con c6 thé két hop véi vat liéu khéc tao composite
hodc vat liéu lai hoa dé tang gia tri st dung, nho két hop voi co ché chéng an mon cua
hoat chét hay vat liéu duogc két hop. Tuy nhién, van con chua coé nhiéu cong bd vé cac
nghién ctru téng hop vat liéu lai hoa va composite. Dic biét dbi véi vat liéu lai hoa
graphene oxide—hydrotalcite (G-HT) van dang 1a mot vat liéu méi chua duoc khai thac
nghién ctru. Trong luan 4n nay, G-HT s& duoc tong hop va khao sat kha niang chong an

mon ddi v6i thép CT3 trong mdi trudng dn mon 1 dung dich NaCl.
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Hydrotalcite c6 thé trao ddi cac anion xen k& v&i ion trong dd an mon, do d6 CI”
trao d6i v4i cac anion xen k& va duoc giit lai trong 16p xen cai cua hydrotalcite nhu dugc
thé hién trong Hinh 1.10(a). Lép dém nay c6 thé lam tang kha ning chéng in mon cia
chit nén. Hon nita, cic anion xen k& két ndi véi cac ion co chit duoc tao ra do kéo dai
va tao thanh céc chelate nhu trong Hinh 1.10(b). Cac chét chelate nay c6 thé ling dong
trén bé mat hydrotalcite va chan céac vi tri dang hoat dong. Chelate dugc hinh thanh do
su twong tac clia cic ion co chat va cac anion xen ké& co thé c6 kha ning ty phuc [50,
51]. San pham ctia phan mg gifta cac ion trong dd dn mon va cac anion xen k& tao két
ta va dién day cac khuyét tat. Nho d6 chira lanh cac khuyét tat, dong thoi ngan can tro

su phat trién tiép theo cia cac khuyét tat.

Hinh 1.10. M6 phéng co ché chong dn mon nho trao doi anion cia hydrotalcite [51].

Dé 6 hiéu qua bao vé kim loai cao, hydrotalcite duoc bién tinh bang nhidu phuong
phap khac nhau dé tang hiéu qua chéng an mon. Cac chét wc ché trén nén hydrotalcite
duoc phan thanh hai loai chinh gdm chét trc ché vo co va chat te ché hitu co. Hau hét
hydrotalcite bién tinh déu c6 co ché chdng an mon nhd kha ning trao do6i anion cua
hydrotalcite. Vi co ché nay, cic anion trong méi truong an mon (chu yéu 1a CI7) s& trao
ddi v6i cac anion trong cau tric 10p, cic anion nay tham gia phan Gng e ché qua trinh
an mon.

1.3.4. Ung dung bdio vé kim logi ciia vit liéu lai héa G-HT
G-HT 1a vat liéu lai hoa duoc két hop tir vat lidu GO c¢6 cu trac 2D tdm phang

vao 16p xen cai cua cdu tric 16p kép hydrotalcite bang phuong phap dong két tua. Vat
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li¢u lai héa G-HT dugc nghién ctru nham cai thién mot sb tinh chat nhu tinh hép phu,
d% bén héa hoc, bén co, hoat tinh xtc tac va kha nang c ché dn mon.

Lonkar SP cung cong su di diéu ché G-HT sir dung séng microwave hd trg cho
qua trinh thiy phan bang dung dich urea. Hydrotalcite phat trién trén bé mat GO, giup
cac tim GO khong bi cudn tron lai trong khong gian [50]. Dién cuc NiAl-G-HT phat
hién dopamine véi hi¢u qua cao hon 85% so vai dién cuc béng vat liéu NiAI-HT, déng
thoi c6 do 6n dinh va do 1ap lai tt [52]. G-HT lam nanofiller cho 16p nén polysulfone
dé ché tao mang nano (TFN), da cai thién tinh chat cua PSF nhu ting 15 x6p, tinh ua
nuée, duong kinh 16 xdp bé mit va do bén co hoc [53].

Tinh thé hydrotalcite phat trién trén bé mat GO, ngan dugc hién tugng két tu lai
ciia GO, cai thién tinh chit co Iy mang PVA/G-HT. Véi 0,5% G-HT, d6 dan dai tang
59%, va v6i 1% G-HT, do truyén oxy giam 86% [54]. G-HT con dugc ung dung lam
chét chdng chay trong polymer, nhu NiAl-G-HT trong nén PMMA c6 hiéu qua trc ché
chay va cai thién dugc do 6n dinh nhiét cia PMMA [55].

Hinh 1.11. So d6 mé phong dwong khuéch tan ciia H>O, O> va CI™ trong mang son AR,
MgAI-HT/AR, rGO/AR va LGHs/AR [56].

G-HT buéc dau dugce quan tim nghién ctiru ché tao 16p mang phu tryc tiép trén
nén kim loai va ca lam vat liéu chéng an mon phan tan trong nén son. Xiaohu Luo da
ché tao mang G—HT trén bé mit hop kim AI-6N01 dé bao vé chéng H>0, O va ion CI-
1a nhitng yéu té pha huy hop kim nay [57]. Mang G-HT ngam trong dung dich NaCl
3,5-5% trong 7 ngay d cai thién dang ké hiéu qua che chin nudc, khi O, va ion CI".

Co ché bao vé dugc md phong nhu & Hinh 1.11.
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Pa phan cac nghién ctru chi yéu bién tinh G-HT bang cach xen cai cac anion c6
chtra cac nguyén td N, P, S 1a nhitng nguyén t6 tham gia chdng dn mon hiéu qua cao.
Vat liéu G-HT xen cai ion —PO4>~ muc tiéu cai thién kha ning trc ché 3n mon va kha
ning bao vé, ty lién vét nit mang son EP gdc nudc [28]. Su phan bd cua hydrotalcite
trén bé mit GO gilr cho cAu triic tAm caa GO khong bi cudn lai mot 14n nira duoc cong
nhan qua nghién ciru cua Wan Sun cung cong su [56]. Wan Sun ciing da khao sat kha
nang bao v¢ kim loai cia G—HT trong mang acrylic (LGHs/AR) cho hi€u qua vuot trdi
hon so v6i HT/AR va rGO/AR nho sy két hop thuén loi giita kha ning phan tan tt cia
HT va tinh khong thAm nudce cia rGO.

1.4. Vat liéu lai hoa graphene oxide-ZnO va ung dung bao v¢ kim loai
1.4.1. Khai quat vat ligu ZnO

K&m oxide (ZnO) 1a hop chit oxide trong tw nhién co tén 1a zincite, 1a cac tinh thé
c6 céu trac luc gidc wurzite [59, 60]. Khoang zincite thudng c6 mau do hodc cam nhu
Hinh 1.12(a) do bi nhiém Mn. Tinh thé zincite ¢6 nhiéu dinh huéng mit tinh thé. Cac
mat quan trong 12 (000 1) va (0 0 0 —1) (mat co ban), (1 0 —1 0) va (1 1 =2 0) dai di¢n
cho mat prism, va mat (1 1 —2 1) 1a mat t&r dién. Vé nguyén tic, mat (0 0 0 1) co cac nat
mang l1a Zn, con mat (0 0 0 —1) cé nit mang 1la O. Véi két qua nhiéu xa tia X nhu trén,
tinh thé ZnO c6 cdu trac wurzite (véi a = 0,325 nm va ¢ = 0,521 nm). Ngoai cdu tric

wurzite, ZnO con c6 dang thu hinh “rocksalt” va “zinc blend” nhu ¢ Hinh 1.12(b).

(a) (b)
Hinh 1.12. Trang thdi tw nhién (a) va cdc kiéu cau tric (b) cia ZnO [60].
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Ngay nay, di c6 thé san xuat bot kém oxide (ZnO) voi lugng 16n theo quy mo cong
nghiép va dugc st dung nhiéu trong nganh cao su, hoa chat, sir dung trong nén son,

trong nong nghiép va ceramic.

1.4.2. Ung dung ZnO lam vit liéu bdo vé, chéng in mon kim loai

Bén canh nhitng tng dung 1am xuc tac [58], vat liéu quang [59], khang khuén [60],
ZnO con duogc st dung lam chét trc ché, chéng an mon, hodc st dung nhu phu gia trong
son phu kim loai. A. Loto cung cong su dd nghién ctru st dung ZnO dé trc ché an mon
ctia cac két cAu bé tong cdt thép, hi€u qua uc ché dat 41,2% trong dung dich NaCl 3,5%
va dat 41,0% trong dung dich H2SO4 0,2 M [62, 63]. A.P.I Popoola cing cong su da
nghién cru ma Zn trén thép, sau d6 khao sat kha nang chéng dn mon khi sir dung trong
moi trudng HCI voi ndng @6 tir 0,1 M dén 0,5 M [61]. Két qua nghién ctru cho thiy 16p
ma k&m sau khi thir nghiém tiép xtuc voi dung dich dn mon c¢6 chira cac san pham an
mon khong tan. Lop san pham dn mon nay dong vai tro 1a 16p phi ngin chin qua trinh

an mon do moi truong acid (H").

Hinh 1.13. M6 phéng co ché chong an mon ciia ZnO [62].

ZnO duoc nghién ctru sir dung két hop véi cac hé son dé ché tao 16p mang phu

son/ZnO va kha sat kha nang chong an mon cia mang son. Khi dé, ZnO c¢6 vai tro nhu
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mot 10p che chin su thAm nhép ciia mdi trudng dn mon [63], hdp thu UV va hop chat
ky nudc [62]. ZnO con duoce bién tinh, gin cic nhom chire trén ciu trac ZnO nhu bién
tinh v6i poly(o—toluidine) [64], hay tong hop vat lidu lai hoa voi dau hat thevetia
peruviana [65] nham cai thién kha ning chéng an mon cho mang composite son/ZnO
v6i co ché chdng dn mon nhu ¢ Hinh 1.13.

Nano ZnO duoc tong hop trong dung dich chiét xuat Myrrh dugc Gng dung nhu
hoat chit xanh trc ché an mon thép trong dung dich acid dat hiéu qua tc ché an mon 1a
92% va két qua phan tich dién hoa cho thdy hop chét (rc ché nay 1a chét &rc ché cathode
[63]. Nanocomposite ZnO duoc tong hop trong dung dich chiét xuat 14 Convolvulus
arvenis cho hi€u qua uc ché dat 91% & nhiét 36 298 K va giam con 89% khi thtr nghiém
& 333 K [66]. Co ché trc ché ctia nano ZnO nay duogc xéac dinh 1a do cac nano ZnO hap
phu trén bé mit thép, tao 16p phu che chin bao vé thép trong moi trudong dn mon.

Muna Ibrahim cting cong su di nghién ctru ché tao nanocomposit ZnO—NiO va két
hop mang son epoxy nhiam ting cudng hiéu qua bao vé thép [67]. Nanocomposite tir
ZnO va polymer ciing dugc nghién ciru stt dung 1am phu gia cia mang son chéng dn
mon nhu nanocomposite poly(o—phenylenediamine—co—aniline)/ZnO c6 hiéu qua

chéng an mon bé mit dién cuc thép khong ri [68].

Bdng 1.2. Ung dung ZnO trong mang son bdo vé kim loai.

R Kim Moi truong | Ecor Leorr
He son loai in mon V) ) | K
7% ZnO— Thép 5
poly(o—toluidine) PU -0,695 | 7,30x10 [64]
0,3% ZnO PU Thép NaCl -0.678 | 2,24x10° | [69]
0
6% ZnO, 673 K PU Thép 3% 1 0692 | 5.85%10°
[62]
6% Zn0O, 1073 K PU Thép -0,371 | 6,05x107
1,8% ZnO-NiO EP Thép -0,68 5,37x10° | [67]
Poly(ophen | Thép 0.5 M
ZnO ylenediamin | khong ri ’ -0,230 | 8,00x107 | [68]
e C X H>SOq4
ecoaniline) | Ni thap
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1.4.3. Co' ché chong an mon ciia ZnO
Co ché chéng dn mon ciia ZnO dugce biét dén chi yéu 1a do su tao 16p mang khoa
ngin cach nén thép véi dung dich an mon. Phuong trinh chuyén héa cho co ché chong
an mon dugc Aboozar Golgoon cung cong su trinh bay nhu sau [70]:
Tai bé mat tiép x0ic ctia nén thép véi dung dich an mon ngém vao mang son, hinh
thanh cc san pham khong 6n dinh Fe(OH),Cl, FeCl; va Fe(OH)Cly, nhiing hop chat

nay la san phdm cua cac phan Ung:

Fe(OH); + CI” — Fe(OH)Cl + OH" (11)
Fe(OH).Cl + CI- — Fe(OH)Cl, + OH" (12)
Fe(OH)Cl, + CI- — FeCl; + OH" (13)

Tai day dong thoi c6 mit ctia ZnO nén tiép tuc xay ra phan tng
Zn** + 20H™ — Zn(OH), (14)
Zn(OH), sinh ra tao 16p mang che chan bao vé nén thép.

Lién két vi 15

Céu trac lién két ngang

Che chin

Mang son PU Mang son PU/ZnO

Hinh 1.14. Tong hop cdc co ché bao vé kim logi ciia ZnO trong mang son.

Ngoai ra, ZnO cling c6 chéng an mon theo cac co ché thé hién & Hinh 1.14, cu thé
nhu sau:
- Cai thién kha nang khang UV [71],
- Tang hiéu qua che chian nhd hinh thanh cac cu triic bén va lién két ngang [65],
- Hiéu tng cong giita cc nhom chirc bién tinh trén bé mit ZnO [64],
- Tang tinh ky nudc [62],
- La chat dién day [69] va tuong tac hoa hoc.
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1.4.4. lfng dung bao vé kim loai cia vit liéu lai héa G—ZnO
G—ZnO dugc nghién ctru nhiéu trong tng dung lam vt liéu hap phu va xuc tac
quang [72], dién cuc anode cho té bao quang dién nhay mau nhudém [73], hay lam dién
cuc cho tu dién [74] va siéu tu dién. Nhitng nim gan day, nhiéu nhom nghién ctu da
khao sat sir dung G—ZnO vao mang son va khao sat kha ning trc ché an mon. Sy c6 mat
ctia G-ZnO lam tang hiéu qua trc ché an mon clia mang son acrylic thong qua sy chénh
1éch tré khang mang son c6/khong c6 chira vat liéu [75]. Tré khang tang tir 150 KWem?

(mang son acrylic) 1én 380 KWcm? (mang son c6 chira vat liéu).
Dung dich &n mon

DBudng
khuech )
tan Tam
GO-ZnO

Nén thép cacbon

Hinh 1.15. So d6 mé phong dwong khuéch tan ciia H>O, O> va CI™ trong mang son EP,
GO/EP va GO—ZnO/EP [76].

Trong céu tric G—ZnO thi ZnO va GO dugc lién két voi nhau bang lién két vat 1y,
hoa hoc hodc co sir dung cac chét lién dién nhu (3—aminopropyl)triethoxylsilane [76],
ZnO xen k& gifra cac lop GO, lam tang khodng céach gifra cac 16p GO va gitp cac 16p
GO khong bi cuén lai ma van giit duge ciu tric 16p va mit xép chit (003). Nho do,
mang G—ZnO/EP (epoxy chira G—ZnO) c6 chdng thim nuée tt, ddng thoi cai thién kha
ning chéng an mon hon so v6i mang epoxy va GO/EP (mang epoxy chira GO). Su phan
tan ddng déu ciia GO ngan chin kha ning xAm nhap cia dung dich gay dn mon do ting
mat do lién két ngang va giam bot khi trong nén epoxy (Hinh 1.15). Thong thudng, GO
¢4 tinh wa nudce do ¢6 nhiéu nhom chue trén bé mit GO. Cac hat nano ZnO phan b trén
cac tim GO lam giam tinh wa nudc, cai thién dang ké hiéu ung che chin ctia GO trong
mang son. Bén canh d0, tang kha nang twong hop cia G—ZnO vao epoxy lam giam bot
khi trong 16p son phti va tang chiéu dai duong khuéch tan cua céc tac nhan gay dn mon.

G—ZnO dugc st dung trong mang ceramic dé bao vé dn mon cho thép khong ri

AISi304L [77] da cai thién dugc do clmg va kha nang khang dn mon nho cau tric cia
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GO da cai thién bé mit mang son. ZnO trén bé mat GO phan tng véi lién két Al—
dihydrogen phosphate, hd tro ting lién két gitta GO va nén son.

Nho tinh phan quang ctia ZnO, vat liéu G—ZnO di duoc nghién ctru ché tao mang
epoxy photo—cleaning hay tong hop polymer quang hoa. Mehdi Sharif cung cong su da
ché tao mang EP/G—ZnO sir dung qué trinh polymer hoa m& vong cation nho ning lugng
quang [78]. Mang EP/G—ZnO c6 kha nang ty lam sach va tinh chét nhiét duoc cai thién

khi mang dugc phoi ngoai anh sang.

1.5. Polyaniline va itng dung bao vé kim loai
1.5.1. Khdi qudt vé polyaniline (PAN)
Trong hai thap ky qua, polymer dan dién di dugc cha ¥ nhiéu nho tinh than thién
v6i moi truong ciling nhu co ché trc ché an mon dic trung dbi voi kim loai [34, 80].
Trong d6, polyaniline 1a polymer din dién chong an mon tét nhat nho dac tinh oxy
hoa—khtr ciia polyaniline, 6n dinh v6i moi trudng, ngoai ra con hinh thanh 16p oxide thu
dong gitra kim loai va 16p phu, ngin chin cac yéu té an mon tic dong dén kim loai [80].

1.5.1.1. Khdi niém va cdu tric

Polyaniline 1a mot homopolymer v&i cdu tric phan tir 13 cac vong benzenoid,
quinonoid hodc ca hai véi ti 18 khac nhau. Polyaniline c6 thé t6n tai & nhiéu trang thai
oxy hoa khac nhau. Vi vy cdu trac cia polyaniline c6 kha ning thay ddi da dang vé
hinh dang, kich thudc va cau trac tinh thé. Polyaniline c6 nhiéu dang tht hinh bao gém

tinh thé, thanh, bong, day va dng.

Trang thai emeraldine

Trang thai leucoemeraldine

Trang thai pernigraniline

Hinh 1.16. Cdu tao phdn tir ciia polyaniline ¢ cdc trang thai khdc nhau.
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O trang thai khir toan phan Leucoemeraldine, phan tr polyaniline c6 dang
benzenoid (B) véi cac nguyén tir H dugc gin vao cac nguyén tir N. Nguoc lai, & trang
thai oxy hod toan phan Pernigraniline, phan tir polyaniline c6 dang Quinonoid (Q) véi
cac nguyén tir H khong dugc gin vao nguyén tir N. Trang thai oxy hoa hodc khir cta
polyaniline phu thudc vao ti 1¢ m va n trong cong thirc cua polyaniline (Hinh 1.16).

— Trang thai khir va oxy hoa mot phan Emeraldine: ti 1& benzenoid va quinonoid
1a m:n = 1:1. Trang thai din dién tot nhit cta polyanilin & dang mudi emeraldine va c6
2 loai: mubi emeraldine base (PAN—EB) va mudi emeraldine salt (PAN—ES)

+ PAN—EB c¢6 thu hinh 1 céc tinh thé hinh bong nén kha ning lan truyén dién tir
kém, nén kha ning dan dién rat thép.

+ PAN-ES ¢6 thu hinh 14 céc soi, nén dién tir c6 thé lan truyén doc theo chiéu dai
cta soi, vi vdy ma PAN—ES c6 kha nang dan dién tdt.

Trang thai khtr toan phan Leucoemeraldine: ti 1¢ benzenoid va quinonoid 12 m:n =
1:0. O trang thai nay polyaniline c6 mau vang nhat va khong dan dién. Trang thai
leucoemeraldine c6 thé bi oxy hoa trong mdi trudng acid tao thanh dang mudi
emeraldine.

Trang thai oxy hoa toan phan Pernigraniline: ti 1& benzenoid va quinonoid 1a m:n
= 0:1. O trang thai nay polyaniline c6 mau tim va khong dan dién.

Dé dat hiéu suat phan tng theo yéu cau thi phai can bang giira ti 1¢ benzenoid va
quinonoid bang cach dya vao ti 1¢ cuong d6 dao dong trong phd hong ngoai FT-IR tng
v&i nhom benzenoid dao dong & budce song ~1460 cm™' va nhom quinonoid dao dong &
budc séng ~1560 cm !,

1.5.1.2. Cdc phwong phdp téng hop polyaniline

Polyaniline dugc tong hop tir monomer aniline st dung phan tmg oxy hoa khir voi
céc tac chat oxy hoa nhu amonium peroxydisulfate (APS), potassium persulfate (KPS),
K>Cr07, H202, Ce(S04)2 va FeCls. Thé oxy hoé ctia APS ((NH4)2S205), K2Cr20O7, H20»,
Ce(S04)2 va FeCls lan lwot 1a 1,94; 1,23; 1,78; 1,72 va 0,72 V, nén vi vay chon APS
nham pha v& cac lién két trong monomer tot hon. Co ché tong hop cua polayniline dugc

biéu dién nhu Hinh 1.17.
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Hinh 1.17. Co ché ciia phdn ieng tong hop polyaniline.

C6 nhiéu phuong phap dé tong hop polyaniline va duoc chia thanh hai loai:

- Tong hop polyaniline bang phwong phdp dién hod:

Phuong phap nay cho phép tong hop polyaniline c6 do tinh khiét rat cao, do tat ca
cac qua trinh hoa hoc chi xay ra trén bé mit dién cuc va khong sir dung chit oxy hoa.
Co ché phan tng ctia phuong phap nay nhu sau: khuéch tan va hip phu aniline, oxy hoa
aniline, hinh thanh polymer trén bé mat dién cuc, On dinh mang polymer, cudi cung la
oxy hdéa mang va pha tap.

- Tong hop polyaniline bang phwong phdp hod hoc:

Tritng hop oxy hod: 1a phuong phap sir dung pho bién nhét sir dung chat oxy hoa
trong méi trudng acid. Dung dich chuyén dan tir mau xanh duong sang mau xanh 14 cay.
Trong qua trinh phan tng, polyaniline bi pha tap mot phan acid trong méi trudng phan
tmg. Tuy nhién véi cac chat oxy hoa co gbc persulfate, cac ion nay c6 thé duge pha tap
vao ciu triic cua polyaniline cting v6i cac thanh phan khéac trong méi truong.

Tritng hop vi nhii twong: phuong phap nay sir dung hai chat 1ong c6 d6 phan cuc
khac nhau trong qua trinh tring hgp. Chat hoat dong bé mit duoc dung dé tang kha nang
phén tan cua dung moi.

Téng hop 6 pha rin: phuong phap nay sit dung mudi cia aniline nhu aniline
sulfate hoac aniline hydrochloride v4i1 vai tro 1a monomer. Phan trng nay dugc thuc hién
trong may nghién bi hodc trong cbi chay dé ting dién tich tiép xtic dé cho cac chat dé
tac dung véi nhau.

Triing hop bé mdt tiép xiic: polyaniline dugc tong hop tai bé mat tiép xtc cua hai

dung moi khéc nhau. Hoa tan aniline vao cidc dung moi hitu co nhu toluene hoac
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chloroform, dung dich c6 chat oxy hoa va acid s€ dugc thém tir tr vao dung dich aniline
trude d6. Tai bé mit phan chia pha cua hai dung dich, polyaniline dan dugc hinh thanh
& dang soi nano sau d6 aniline bit dau phan tin vao pha nuéc va di chuyén ra khoi khu
vuc phan tng va cac soi nano polyaniline méi lai tiép tuc duoc tao thanh.

Trong cac loai polymer dan, tinh dan dién ctia polyaniline dugc danh gia cao nén
polyaniline dugc s dung lam vat liéu cho cac dién cuc, hodc chit trc ché dn mon cho
chét ban dan trong céc t6 hop quang dién hoa va trong vi dién tir. Phan tng dién va dién
héa cua polyaniline thay ddi theo nhiét d6 va pH nén polyaniline dwgc str dung cho cac
loai cam bién khac nhau nhu cam bién khi, cam bién sinh hoc, cam bién pH, cam bién
nhiét do.

Polyaniline con dugc nghién ctru cho tmg dung bao vé bé mat ciia kim loai nhd
c6 d6 bam dinh cao, dién thé duong nén mang polyaniline c6 kha ning chéng dn mon
cao. Co ché chéng dn mon cua polyaniline 13 két hop cia cac co ché bao gom co ché
bao vé cathode, co ché che chin va co ché wrc ché. Va dbi véi polyaniline—pernigranilin

mau xanh tham c6 kha nang chong an mon cao nhat.

1.5.2. Ung dung va co ché bdo vé kim logi ciia polyaniline.

Milica Gvozdenoviél ciing cong su ché tao mang son epoxy va son alkyl c6 chira
polyaniline, thir nghiém khang an mon trén thép va két qua dat hiéu qua trc ché dn mon
t6t [81]. Trudc do, polyaniline da duoc nghién ciru dope cac ion camphorsulphonate
hodc phenylphosphonate va tron hop véi poly(methyl methacrylate), va ing dung trong
mang son acrylic voi vai tro chat (e ché dn mon [82]. Két qua cho thiy vat lidu ndy cd
co ché bao vé hai 16p. Trude hét, xay ra phan tng oxy hoa—khir giita Fe va polyaniline
dan dén khir polyaniline va phéng thich cac anion nhidm. Sau d6, cac cation Fe tao hé
phtec thu dong véi polyaniline c6 dope anion, dong thoi hoat dong nhu mét 16p che chin
vat 1y thir hai dé ngan sy khuéch tan ciia cac ion. Tir d6 c6 thé thay ring polyaniline 1a
mot ngudn chira anion, c6 thé giai phong anion khi c6 hu hong trén bé mit cua 16p phu.

Nhiéu nhém nghién ctru di thuc hién tong hop composite tir polyaniline véi cac
hop chit khic nhau nhim ting hiéu qua chéng an mon. Composite
polyaniline—polyacrylic acid (PAN-PAA) duoc tong hop bing phuong phap polymer
héa 1 budc. Composite ¢ hiéu qua wre ché trén thép khong ri 316 trong méi trudng HCI

0,5 M dat 91,7%, vo6i néng dd composite 200 ppm [83]. Polyaniline dugc tron hop véi



33

nylon 6—6 tao composit PAN/Ny [84]. Khao sat urc ché an mon duge thuc hién doi véi
c4 mang son va trén thép trong méi truong dung dich NaCl va HC, két qua cho thay
mang composite PAN/Ny ¢6 téc dd an mon thap hon tir 10 dén 15 1an so v6i thép tran.
Mohd Rashid cing cong su da nghién ctru tron hop polyaniline véi dau co (PAN/PO)
va thir nghiém chéng dn mon trén thép & mdi trudong nudc bién, hiéu qua dn mon duge
thé hién qua su suy giam dong dién in mon khi c6 mit PAN/PO [85]. N. Pirhady
Tavandashti cung cong sy di tong hop polyaniline cdu trac nano 1am capsule cho mang
son tu lanh bao vé chéng an mon [86]. Két qua cho thiy, capsule polyaniline chtra chat
rc ché 2-mercaptobenzothiazole (MBT) trong mang son epoxy ester trén nén
AA2024-T3 cho hiéu qua ty lanh rat tot trong qua trinh dn mon chi v6i ham luong
capsule 1a 1%.

Bén canh cac hop chit hitu co, polyaniline ciing dwgc nghién ctru téng hop
composite voi cac khoang vo co, hay hop chét vo co cho tng dung e ché dn mon nhu
mang son epoxy voi composite PAN/magnetite—clay, composite PAN/ALO; hay
composite PAN/y—Al, két qua nghién ctru di chimg minh mang son tao thanh dap mg
tinh chit cia mang son thong minh khang an mon hiéu qua cao [81].

Yuetao Yi cing cong su da diéu ché polyaniline pha tap véi chitosan sulfonate
(S—CTS-PAN) va khao sat tc ché an mon thép trong méi truong acid HC1 1 M [87].
Két qua cho thly S—CTS—PAN trc ché an mon vuot trdi, hiéu qua we ché dat trén 92,3%
v6i ham lwong 40 mg/L. Shi Fuhua cuing cong su khao sat kha ning (rc ché an mon thép
trong moi truong acid HCl 1 M bang copolymer poly(aniline—co—o—anthranilic acid)
[88]. Co ché trc ché dugc xac dinh do copolymer hap phu Langmuir trén bé mat thép,

hinh thanh 16p mang bao v¢ bé mit kim loai.

1.5.3. Co ché bdo vé kim logi ciia polyaniline.
Tir tong quan cac nghién ctru vé polyaniline trong son chong dn mon kim loai cho
thdy polyaniline c6 kha ning bao vé kim loai theo cac co ché chinh bao gdm:

1.5.3.1. Co ché bdo vé anode

Mang son chtra polyaniline cho phép bao vé kim loai dé bi oxy hoa nhd dic tinh
dién hoa cua polyaniline. Trong mang son, polyaniline dong vai trd 1a chat oxy hoa vira

phan tng véi ion kim loai hinh thanh 16p thy dong bé mit ngay dudi 16p son phu, vira
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ngan chan an mon cuc b khi c6 khoi mao do cac pha huy nho hay nhiing vung cuc nhd

trén bé mat kim loai ti€p xuc v4i mdi truong dn mon.

Hinh 1.18. Co ché bio vé anode ciia PAN trong mang son (PAN-LE =
leucoemeraldine, PAN-ES = emeraldine).

Co ché bao vé anode cua polyaniline nho vao kha ning duy tri kim loai & trang
thai thu déng va ban chat oxy hoa—khir gitup polyaniline tu chuyén trang thai tir LE vé
lai trang thai ES cta polyaniline [89] nhu thé hién ¢ Hinh 1.18 [81]. Co ché nay d3 dugc
thir nghiém kiém chimg va duoc giai thich nhu sau:

- Polyaniline c6 thé duy tri thé OCP cua bé mit tiép xuc kim loai-dién méi ¢ gia
tri anode trong vung thu dong, tao 16p oxide kim loai bdo vé bé mat kim loai. Tai day
x4y ra phan tng khtr va polyaniline chuyén trang thai tir ES thanh LE;

- Mat khac tai vi tri tiép xuc dung dich an mon hoac su tiép xac voi Oy thim thau
vao mang son s& xay ra phan ing oxy hoa va tai day polyaniline chuyén trang thai tir
LE thanh ES.

Nho co ché nay gitp khéng ché dong ety do di chuyén trong mang son, ngin
chdn dugc phan ung an mon xdy ra. Qud trinh oxy hdéa — khir trén mach phan tir
polyaniline lién tuc trong mang son duoc thé hién cu thé qua phan tng sau:

“M +—PAN — ES™ +2H,0 » ~M(OH){"™" + = PAN — LEB® + 2 H* (15)
n m n n m n

%02 +§H20 + PAN — LEB® - PAN — EB™* + mOH~ (16)
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1.5.3.2. Co ché gidi phdng chit tec ché cd kiém sodt

Co ché nay thé hién ¢ polyaniline duoc pha tap cac ion cua chét (e ché an mon. O
diéu kién thuan loi, hoat chat trc ché s& dugc giai phong tir phan mg khir polyaniline
khi ¢ su hoa tan e~ kim loai tai vét an mon diém nhu thé hién & Hinh 1.19 hoic do qua

trinh trao d6i ion [90].

Hinh 1.19. Co ché gidi phdng chdt irc ché co kiém’sodt cua l6p phu polyaniline pha
tap voi ion chat e ché [90].

Céc anion nay dong thoi hinh thanh rao chin ngin su di chuyén cta cac thanh phan
gy an mon va e ché qua trinh khtr oxy. Mang son chira polyaniline con duoc goi 1a
mang son thong minh do céc hoat chit e ché chi dwoc giai phong khi mang bi pha hay
dan dén xuét hién an mon kim loai va xdy ra phan tng khir véi polyaniline (phan tng
(15) va (16)). Bén canh su hinh thanh oxide, cac phtrc chét gitra chét wre ché va cac ion
kim loai tao ra 16p bdo v¢é anode bod sung.

1.5.3.3. Co ché bdo vé cathode

Polyaniline bao vé nén thép theo co ché bao vé cathode nhd co ché “chuyén ving”
[90]. Khi kim loai tiép x{ic v6i polyaniline tao ra dién truong han ché dong e tir kim
loai dén cac tac nhan oxy hoa (H20, O2), nh¢ dé ngédn hodc gidm dugc tdc d6 an mon.

1.5.3.4. Co ché bdo vé che chdn

Tuong tu v&i cac mang hiru co thong thuong, polyaniline cling bdo vé kim loai
theo co ché che chén, kha ning tao mang véi mat do 16 xép thép, ngan chan sy tham
nhap cia cac tic nhan oxy héa (02, H20) tiép xic nén kim loai tao phan tng oxy hoa va
hoa tan kim loai vao méi truong gay an mon kim loai.

Nhin chung, polyaniline 14 mot polymer dan bao vé kim loai hiéu qua véi day du
céc co ché bao vé anode, bao vé cathode, co ché giai phong chét trc ché c6 kiém soat va
co ché che chin. Tuy nhién, han ché cua polyaniline trong tmg dung chéng dn mon 1a

mang son chira polyaniline thudng chi duoc sir dung 1am 16p son 16t, néu mang loai nay
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ma khong ¢ 16p pha bén trén s& c6 kha ning xay ra phan tng phan hily cathode ¢ bé
mit kim loai-mang polyaniline, khi 6 mang polyaniline bj tach 16p khoi bé mit kim
loai do pH tai bé mit tiép xtc ting. Do d6 can phai ¢ 16p phu bé mit dé han ché ti da
su tham thau cua O, va H,0. Do d6, can nghién ctru bién tinh polyaniline hoic két hop

v&i cac vat liéu khéc dé ché tao composite nham céi thién nhirng han ché cua polyaniline.

1.6. Vit liéu composite tong hop tir polyaniline két hop véi G-HT va G—ZnO.

Tu téng quan vé cac vat liéu va ung dung bao vé kim loai nhu da trinh bay & muc
trén, nghién ctru nay thuc hién té)ng hop vat liéu composite tir vat liéu lai héa G—ZnO
va G—HT két hop véi polyaniline nham ting tinh dan dién cho vat liéu lai hoa G-ZnO
va G—HT. Pdng thoi, composite G—ZnO/PAN va G-HT/PAN c6 kha ning phéan tan,
tinh chat nhiét va hiéu qua chéng an mon va bao vé kim loai duoc cai thién.

Céc két qua nghién ctru trong va ngoai nude cho thiy, G-HT va G—ZnO cho hiéu
qua bao v¢ kim loai tdt hon so v6i HT, ZnO va GO nho su két hop thuén 1gi cac uu diém
cua tung loai vat liéu. Mot hiéu tng cua GO dé bao vé kim loai theo xu hudng bao vé
dong cathode nho ciu tric 2D véi mat d6 nhom chire phan bd trén bé mit cao gitp “bay”
cac e~ tao ra trong phan ing hoa tan kim loai, han ché téc do dong an mon. Tuy nhién,
cac vat liéu lai héa nay chu yéu bao vé kim loai dua trén co ché che chén, can tro dong
khuéch tan cta tdc nhan dn mon (CI', O2 va H20). bé tang hi€u qua bao vé kim loai, cac
nghién ctru tap trung khao sat bién tinh hodc tong hop composite tir cac vat liéu HT,
Zn0, GO va vt liéu lai hoa véi cac hoat chét e ché an mon. Cac composite nay bao v¢
kim loai theo co ché trao ddi ion, giai phong chét tre ché tao 16p oxide kim loai thu dong
hoa bé mit tiép xuc giira nén son va kim loai.

Trong khi d6, polyaniline 14 mot polymer dan dién c6 kha ning bao vé kim loai
nhd dic tinh ty chuyén trang thai oxy hoa — khir lam tc ché phan ¢mg dn mon xay ra,
nhd d6 bao vé va chéng dn mon kim loai. Mic du polyaniline duoc biét dén 1a mot
polymer khé hoa tan trong dung méi, nhitng nghién ctru gan day ciing cho thay tiy vao
ciu trac cta hop chit str dung pha tap vao cdu tric polyaniline da cai thién dugc tinh
hoa tan ctia polymer nay. Do d6, polyaniline c6 thé duoc xem 13 mot chat chdng dn mon
xanh c6 hiéu qua bao vé kim loai dang dugc quan tam hién nay.

Trong nghién ctru nay dinh hudng tang hiéu qua bdo v€ kim loai cta cac vat li¢u

lai hoa trén co s& GO bao gom G—HT va G—ZnO bang cach két hop véi polyaniline tao
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vat li€u composite G-HT/PAN va G—ZnO/PAN. Composite nay s€ c6 hi€u qua bao vé
kim loai theo cac co ché duge thé hién & Hinh 1.20 cu thé bao gém céc co ché sau: (D)
tao mang che chin vat 1y ngin chin sy xdm nhap cia hoi nude (GO, polyaniline ¢ trang
thai LE), (2) can tré dong khuéch tan tac nhan giy an mon (ZnO, LDH) va (3) hinh
thanh 16p oxide kim loai thu dong bé mit, “bay” cac e~ sinh ra khong ché dong dn mon
(GO, polyaniline ¢ trang thai ES).

: ”h,.\\

NEN THEP CT3

“ nanocomposite G-HT/1Pan
@ 16p thu dong bé mat

Hinh 1.20. So d6 mé phong co ché bdo vé kim loai ciia composite G—HT/PAN.

1.7. Phan tich tinh chét chéng in mon kim loai bing phwong phap dién hoa

Str dung phuwong phap dién hoa dé phan tich tinh chat chdng dn mon ¢ wu diém 1a
cho phép xac dinh nhanh téc d6 dn mon kim loai v6i d6 chinh xéac cao. Pé rit ngan thoi
gian thir nghiém mau nhu trong diéu kién tu nhién, thi khi sir dung phuong phap nay cé

thé xac dinh tbc d6 an mon kim loai trong diéu kién gia toe [1, 91, 92].

1.7.1. Xdc dinh thé in mon Econ
Thé an mon Ecorr cia mdt mau duogc xac dinh 13 thé ciia mau khi mau tiép xuc voi
dung dich an mon va khong ndi voi mot thiét bi nao. Tai Ecor, trén mit mau ton tai ca
hai dong anode va cathode, nhung c6 do 16n biang nhau nén tong dong do dugc 1a bang
0. Ecorr ¢0 thé dugc dinh nghia 13 thé tai 46 toc do qué trinh oxy hoa bang téc do qua
trinh khur.

% MO ta phuong phap xac dinh thé in mon: Tha mot day (hodc thanh, tim) Pt vao

moi trudng va két ndi véi dién cuc so sanh (thuong 1a dién cuc Ag/AgCl, dién cuc
calomen bao hoa) tao thanh mot hé pin dién va do duoc suat dién dong cua pin (Hinh

1.21). Tir d6 tinh dién thé oxy héa khir ciia dung dich. So sanh gi tri thé an mon Ecor
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do dugc voi gia tri thé trén d0 thi dién thé (E) va pH ciia Pourbaix dé suy doan kha ning

X4y ra an mon.

Volt ké
R>107 Q

Cau ndi
(KCI b3o hoa)

) Dién cuc
Dién cuc so sanh (RE)

lam viéc (WE)

Dung dich
nghién clru

Hinh 1.21. So do thi nghiém do dién thé an mon.

Dua vao két qua do theo phuong phap nay, xac dinh dwoc gia tri chénh 1éch cia
dién thé tai dién cuc lam viéc so véi dién cuc so sanh va duge goi l1a dién thé an mon.
Pién thé an mon duge do trén dién cuc 1am viée trong moi trudng an mon c¢d va khong
c6 chét rc ché. Tir nhitng sai khac gitra cac gia tri dién thé an mon ndy ciing ¢ thé phan
tich dugc qué trinh e ché n mon:

— Néu dién thé an mon c6 gia duong hon, goi 1a phan cyc anode, khi d6 cac phan
g anode bi kim him va cac phan tmg cathode tré nén dé dang hon.

— Néu dién thé an mon c6 gia tri 4m hon, goi 1a phan cuc cathode, khi d6 cac phan

ung cathode bi kim ham.

1.7.2. Xdc dinh téc @6 an mon bang phwong phdp do dién tré phin cuc
O trang thai can béng, thé cathode va thé anode 1a tuong duong tai bé mat kim loai.
Su 1éch ra khoi thé can bang ndy goi 1a su phan cuc. Su phan cuc thuong giy ra boi
dong dién ngoai, dugc goi la qua thé. Phan cuc dién tré 1a sy sut thé gitra chét dién li
qua dién cuyc hodc qua mang san phém tao phan ing trén bé mat kim loai hodc ca hai.
Phan cyuc dén tré duoc viét 1a:
nk =RI=vyi (17)
Trong do:
R 1a dién tré6 mang bé mit dién cuc (Ohm).

I1a cuong do dong dién (A).
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vy 1a dién tré& mang trén 1 don vi dién tich (Q/cm?).
112 mat d¢ dong (A/cm).

K¥ thuét dién hoa do dién tr¢ phan cuc dugc dung dé do toc dd an mon tuyét ddi.
Tir nhiéu két qua nghién ctru cho thiy, c6 mdi quan hé hop 1y giita két qua do an mon
bang do dién tré phan cyc va theo phuong phép tén hao khéi luong.

Do dién trd phan cuc 1a phuong phap do nhanh dé danh gia toc ¢ an mon. O toc
do quét thé 0,1 mV/s, voi khoang thé 50 mV can chua dén 10 phiit. Viéc do nhanh ciing
gitip phép do dién tré phan cyc rat hitu ich cho thyc nghiém nhu danh gia dinh tinh cac
chét rc ché. Vi dién thé ap vao khong vuot khoi thé an mon nén mau khong bi pha huy
trong qua trinh do, do d6 méu c6 thé sir dung cho cac nghién ciru khac. Dé chinh xac
hon, cac hang sd Tafel Ba, Pe can duoc xac dinh doc 1ap tir duong Tafel.

1.7.2.1. Duong Tafel

Ky thuat dién hoa ngay cang tré nén pho bién dé sir dung cho nghién ciru dn mon
Cac phuong phap nghién ciru dn mon trudc day nhu xac dinh ton hao trong luong,
thuong can phai duge kéo dai vai ngay hodc vai tuan, trong khi cac thuc nghiém dién

hoa chi can vai gio.

+A E(V)

Igi (Afem?)
>

lg'iim
Hinh 1.22. Duong Tafel thuc nghiém.

Cach tinh héng sb Tafel dwgc miéu ta trén Hinh 1.22 va duoc dung dé tinh téc do

in mon. Pudng Tafel anode va cathode dugc miéu ta bang phwong trinh:
n=Pp.log Vlor) <= n = PB(logI-log lcor) (18)
Trong d6 1 1a hiéu giira thé cua miu va thé dn mon va duogc goi 1a qua thé, B 1a

hang sb Tafel, I 1a dong tai qua thé n, do bing pA.
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Puong 1 — log I 1a duong thang c6 do dbc .

Khin =0 (tai Ecorr), log I/Iconr= 0 hay I = Icon.

Céc hing sb Tafel Ba, Be can duoc tinh toan cho ca hai phan cathode va anode cia
duong Tafel. Phuwong phap thé tinh rat tién loai cho viéc nghién ciru va danh gia toc do
an mon, kha nang rc ché cua cac chét (rc ché ddi voi kim loai, nd cho phép xéac dinh
duoc ving thu dong trén dudng phan cuc i — f(E). Tir d6 ¢ thé danh gia dugc kha ning
thu dong hoéa cua cac hoat chét khi thém vao moi truong st dung.

1.7.2.2. LY thuyét an mon dién héa va duong Tafel

Tuong tng v6i thuyét thé hdn hop, bat ky mot phan tng dién hoa nao ciing c6 thé
chia 1am hai hay nhiéu phan tng oxy hoa—khtr va khong c6 sy tich tu dién tich trong qua
trinh phan ing. Trong mot h¢ an mon, tai thé an mon, toc do oxy hoéa kim loai (dn mon)
va tdc d6 khir cua cac phan tir trong dung dich 14 nhu nhau va tong dong do dugce 1a bang

AE (V)

Me - ze — Mez+

AE o i

zH* + ze — z/2 H,

Hinh 1.23. Puong cong phan cuc AE — f(i).

Khi mét kim loai hay mot hop kim tiép xuc voi dung dich, kim loai s€ c6 mét dién
thé goi 1a thé mé hay thé an mon. Gia tri ndy phu thudc vao kim loai va ban chit dung
dich. Ecorr c6 thé do bang thiét bi do dién thé. Dong khir va dong oxy hoéa tai thé an mon
1a bang nhau va khac 0, dong tong tai thé d6 bang 0, twong tmg v&i phuong trinh (20).
Déi voi khao sat an mon, dudng phan cuc E—f(i) nhu & Hinh 1.23 m6 ta dong thoi trang
thai cua hai phan rng nhu sau:

Trén anode xay ra phan tng hoa tan kim loai Me:

Me — ze — Me* (20)

Dong thoi, trén cathode c6 xdy ra phan Gng khur:
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zH" + ze — 72 H; (21)
Gia su, thi nghiém st dung dién cuc c6 dién tich 1 cm?, thi tai thé phan cuc AE rat

nhé so véi Ecorr, AE =+ 10 mV, AE va mat d6 dong c6 quan hé tuyén tinh:

_ [d(E) R
RP B [ di ]Ecorr B icorr (22)

Gia tri B & cong thirc (25) duogc tinh toan theo cong thirc
— .BHXﬁMe (23)

 2,3X(Bu+Bume)

Trong do:

— Bu: 12 do dbc cua doan thing Tafel cua qué trinh cathode xay ra phan tng khur,
by =0,06 V + oo;

— Bume: 12 d6 dbc ctia doan thang Tafel ciia qua trinh anode xdy ra phan (mg hoa tan
kim loai, fme = 0,06 + 12 V.

Tur phuong trinh (23) ta co: icor = B/Rp (24)

Nhu vay, dé xac dinh tdc d6 dn mon kim loai thong qua gia tri cia mat do dong an
mON iam, trude hét can phai xac dinh B dya trén bu va bume ciia cac dudng Tafel cathode
va anode. Rp dugc x4c dinh theo d thi Hinh 1.23 véi Rp = tan a. Sau d6 sir dung cong
thirc (24) tinh toan dugc mat d6 dong an mon icorr. Néu dién tré phan cuc Rp 16n hon rat
nhiéu so véi dién tré dung dich Ro, thi B Xép xi 0,026. Ngoai ra, dya vao gia tri Rp c6

thé danh gia dugc do bén chong an mon vat liéu.

1.7.3. Phan tich dp bén ciia méang son bang phwong phdp do tong tré (EIS)

Trong nghién ctru dn mon thuong sir dung phuong phéap do téng trd do hiéu qua
cao, dic biét khi c6 mit cua cac 16p phu cach dién [93, 94]. Phuong phap nay han ché
cac sai s6 ciia phuong phap dién tré phan cuc khi dung dich dn mon ¢ dién tré 16n.
Dong thoi, phuong phap nay con xac dinh nhiéu théng sé dong hoc va du doan cac co
ché chéng an mon.

1.7.3.1. Neuyén ¥ cia phé téng tré dién héa

Khi &p mot dién thé xoay chiéu hinh sin Uy, c6 gia tri nho, tan s6 goc o = 2nf vao
mot hé dién hoa (Hinh 1.24), trong mach sé xuét hién mot dong dién dap tng hinh sin
c6 gia tri Ip ciing tin s6 goc o nhung 1éch pha mot goc ¢ so vai dién thé dua vao.

E(t) = Eo sin (ot) (25)
I(t) = Io sin (ot + @) (26)
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o = 2nf (27)

Véi o 12 tan s6 goc, t 1a thoi gian, ¢ 1a goc 1éch pha, E 13 dién thé an mon va I 1a
dong dn mon.

_it)_ Epsin(wt) sin(wt)
Z(w) - I(t) - Ipsin(wt+@) - ~0 sin(wt+¢) (28)

-

Thei gian/bwéc chuyén pha

l Hiéu dién thé

Theoi gian

Cwoéng do

Hinh 1.24. Dong dién hinh sin ddp iing véi thé xoay chiéu [94].

Dé c6 thé biéu dién cac gia tri ctia dong dién xoay chiéu, tré khang can phai duoc
biéu dién trong mot mit phang phirc voi cac truc 1a phan thyc va phan ao. Hinh 1.25

minh hoa mit phang phtrc cta try khang.
E . .
Z=-=1 exp(jp) = Zy(cosp + jsing) (29)

Truc ao

Z Truc thuc

Hinh 1.25. Biéu dién hinh hoc phan thiee va phan do cia tong tré Z.

Trong mat phang phuc, tré khang Z dai dién cho mot vector, duoc dic trung boi
module | Z | va goc 1éch pha ¢. Z ¢ thé dugc biéu dién dudi dang tong vector ctia phan
thuc Z; va phan 4o Z;:

Z(®)=27Z: + jZ; (30)
Zp(w) = |Z(w)] cos 31)
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Zj(w) = |Z(w)| sing (32)

Téng trd Z ciia mot hé dién hoa 1a tong clia cac thanh phan gdm: téng trd Faraday

Zs, dién dung 16p kép Cq va dién tréd dung dich Rag. Cac gia tri Cq, Ra, Zf, Rp... va cac

thong s6 dong hoc cua hé dién héa (io, ko, D...) duogc tinh toan béng phan mém toan hoc.
Gia tri Rp va icor duoc st dung dé theo ddi tc d6 an mon.

1.7.3.2. Phuwong phdp xdc dinh tong tré dién héa véi hé ba dién cuc

Phé té)ng tr¢d dién hoa dugc nghién ctru trén hé ba dién cuc nhung trong dung dich
an mon (Hinh 1.26), hé nay bao gém: dién cuc lam viéc WE dugce chuén bi béng vat liéu
bi &n mon can nghién ctru; dién cuc ddi CE thuong béng vat liéu platinum hodc graphite;
va dién cuc so sanh RE (dién cuc calomel bao hoa KCI (Hg/Hg>Clo/KClyn) hodc
AgCl/KClph).

Hinh 1.26. Hé dién hoa. Hinh 1.27. So do mach dién cia hé dién héa.

Thiét bi potentiostat cung cép dong dién di qua dién cuc lam viéc WE va dién cuc
d6i CE thong qua dung dich dién ly. Pién cuc so sanh c6 thé tiéu chuan khong d6i dong
vai trd nhu dién cuc chuin dé xac dinh dién thé cua dién cuc 1am viéc. So do mach dién
ctia hé dién hoa 3 dién cuc duogc thé hién nhu & Hinh 1.27. Dé xac dinh téng tré dién
héa can thuc hién xac dinh cac thong s6 dién hoa nhu sau:

a. Dién tro dung dich Raa

Trén thuc té, thuong tdn tai dong di¢én rat nho [ qua RE va WE, do d6 dién thé E;
ghi nhén trén thiét bj do khong bang dién thé thuc E cua WE. Khi d6:

Ei=E+R3x 1 (33)

Véi (Rs x I1) ddc trung cho sup thé Ohm.

Trén so d6 mach dién Hinh 1.28, ta co:

I=1 +L (34)
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(R; + R = Ry b (35)
— I = IRJ/(R; + R, + R3) (36)

— Ei = E + IR2R3/(Ri + Ry + Rj) (37)

— dién tré dung dich: Raga = R2R3/(R1 + Ro + R3) (38)
— v6i (Raa]) duoc goi 1a sut thé Ohm thi: Ei = E + Raal (39)

Dién tr¢ dung dich Raq dugc xac dinh dya trén téng tré di€n hoa.

b. Dién dung lop kép Cy

Dong dién di qua hé dién hoa bao gdm 2 thanh phan:

— Dong dién Faraday (Ir): 1a dong di€n sinh ra do phan rng dién hoa tai WE.

— Dong di¢én dung (I¢): 1a dong dién dugc hinh thanh do c6 mat dién dung 16p kép
Ca (tr 10-100 pF/cm?) va gi tri cua dién dung Cq phu thudc vao dién thé ap dat, ban
chit ctia WE va néng do céac chat hoat dong trén bé mit dién cuc. Goi g la dién tich cua
tu dién thi dién dung 16p kép Ca va dong dién dung 14 c6 mdi quan hé tuyén tinh theo

cong thuc (40).

Ic = dg/dt = Cq dE/dt (40)
c. Xdc dinh tong tré dién héa (Z) va tong tré Faraday (Z))
Ta c6 tong tré dién hoa:  Z = AE/AI (41)

Téng tré Faraday Zr phu thudc vao cac dai luong lién quan dén qua trinh dién hoa.
Véi dong Faraday 1a Ir va dién thé thuc ciia WE 13 E, ta c6:
Zr = AE/Al¢ (42)
Dong dién tong I di qua binh dién héa gom: Ir va I
I =1+ L 43 - I = Ir + CqdE/dt (44)
Khai trién phuong trinh nay bang phuong phap bién doi Laplace, ta co:
Al = Als + Io Cq AE (45)
Al = AE/Z¢ + 1o Ca AE = AE [(1/Zf) + 1o Cq]
Dién thé E trong phuong trinh trén la dién thé thuc cua dién cuc va do dién thé ap
dat ¢ dién cuc E;, ta co:
Ei=E + Rc1 (46) — E=Ei — Rc1 (47)
Thay thé E vao phuong trinh trén ta co:
Al = (AE; — Re Al) [(1/Z5) + 1o Cq] (48)
1 = (AE/AI — Re) [(1/Z¢) + 1o Cq] (49)
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— Z + AE/Al = Re + 1/[(1/Zs) + 1o Cq] (50)
Thé hién tong tré ndy dudi dang mach dién twong dwong cho thiy tong trd Z bao
gom dién trd dung dich Raa méc ndi tiép voi hé tong trd Faraday Z¢ mic song song voi

dién dung 16p kép Cq (Hinh 1.28).

Hinh 1.28. So' @6 mach dién twong dwong cua binh dién hoa hé ba dién cuc.

Dién tr& dung dich Raa duoc xac dinh tir gian do téng tré ¢ ving tan sb cao. Zr
khong phu thudc vao Ras va Ca ma chi lién quan dén qua trinh dién hoa. Co thé thé hién
Z¢ theo phuong trinh dong hoc hodc phan tich thanh céc thanh phan trén mach dién. Tur
d6, suy ra phuong trinh tong tré dién héa Z va mach dién tuong dwong v6i muc dich
giai thich cac co ché phan tmg chéng an mon.

1.7.3.3. Cdc dang biéu dé biéu dién két qud

Dit liéu thu duoc tir cac phép do tong trd duoc tao thanh tir phan thuc va phan 4o

va thuong duoc trinh bay trong biéu dd Nyquist hodc Bode (Hinh 1.29).

Hinh 1.29. Biéu do dang Bode va dang Nyquist ciia phé tong tro [94].

Biéu d6 Nyquist biéu dién dir liéu trong mit phang phirc, v6i phan thuc Z, ciia tong
trd trén truc x va phan ao Z; trén truc y (—Z; = f (Zr)), cung cép cac dit liéu dé phan tich

dinh tinh. Néu hé dién hoa phu hop so d6 Randles thi tong trd sé tinh theo cong thic:

Z == Rdd + L (51)

jo a+[Ree+(1-N)sw=1/2]""
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Z=127 —jz" (52)

Tach phan thyc Z: va phan 4o Z; & phuong trinh tong trd (52), ta co:

Rct+5w_1/2
Z.=R
r dd + (5‘*’1/2Cd+1)2+w2C§(Rct+6w—1/2)2 (53)
_  wCq(Ret+8w12)24+82C4+8w1/2

Zi= (Bw=1/2C4+1)24+w2C5 (Ree+Sw—1/2)2 (54)

Biéu d6 Nyquist 1a duong biéu dién Z, theo Zi, khi tan s6 © — 0 thi:
Zr = Rad + Ret + 812 (55)
Va Zi=—-8w % -2.8Cq (56)

O tan s6 thap, d0 thi 1a duong thang v6i do doc bang 1 cat truc thuc Z: tai (Raa +
Ret — 28%Cad), tuong duong véi khdng ché qué trinh khuéch tan.

Khi @—o0: O tin s6 cao phan tmg chi bi khéng ché dong hoc va Re >> Zw

Z:=Raa+ Ro/(1 + ©*Ca®Re?)  (57) ;. Zi= oCaR/(1 + ®*Ca’Re?)  (58)

Va (Zr — Rad — Re/2)? + (Zi)? = (Rey/2)? (59)

C6 thé biéu dién phuong trinh trén 1a mot vong tron ban kinh Re/2 cét truc Z; tai
Rdd khi @—o0 va tai (Rdaa+Rei) khi 0—0.

Dua trén biéu d6 nay co thé tinh truc tiép dugc dién tré dung dich Raq, dién tro
phan cuc Rp, dién dung 16p kép Ca.. Nhu vay, & tin s6 cao chi c6 gi tri tong trd chinh
14 Ryq trén truc Zr, con & tan sd thép thi gié tri téng tr¢ chinh 1a Rp trén truc Z:. Tuy nhién,
Rug gan nhu khong ddi trong téng trd tai moi tan sb. Nén diéu nay phu hop voi thuc té
rang Rp ciing c6 thé do dugc bang ki thuat DC trong khi Rqq thi khong.

Biéu do Bode biéu dién két qua theo mdi quan hé cua log|Z| va logo (Hinh 1.29).
Biéu d6 Bode thay thé cho biéu d6 Nyquist nhim rit ngin thoi gian tinh toan két hop
v6i xac dinh Rp & tin s thap, ngoai suy cac két qua ¢ tan sb cao hiéu qua hon dong thoi

cho phép kiém tra trj tuyét ddi cia tong tré va do 1éch pha tinh theo phuong trinh:

1Z| = JZ)E + (Z))? (60) va tan ¢ = Zj/Z: (61)

1.7.3.4. Biéu dién téng tré dién héa ciia mang son phii bdo vé kim loai

DPéi véi mot kim loai duge st dung lam dédi tuong nghién ctru bao vé va chéng an
mon, thi sy hién di¢n cia mang son khong din dién s& han ché su chuyén dich cua dong
dién dan dén thay d6i tong tro ctia dién cuc. Mang son pht bao vé va chdng an mon kim
loai chii yéu theo co ché cach ly kim loai khoi méi truong cé cac tac nhan gay dn mon.

Vi vy, mang son 1y tuong phai cach dién hoan toan va khong chira cac hop chét co kha
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ning tac dung véi dung dich dién ly. Khi d6 dé dién ta trén so d6 mach dién, vai tro cta
mang son la mét tu dién thuan dung, dic trung boi dién dung cua mang son Cc. So dd
mach dién tuong duong gém Rgq mic nbi tiép vo1 mot tu dién.
- Dién tré dung dich Ryq: tai tan s cao (f—), Zr—Rad
Gia tr1 dién tr¢ dung dich Raq chinh 1a gid tri phén thuc cua téng trd tai tan s cao.
bién dung mang: (Co): Ce = 1/(27Tfmax- Re) (62)
Tuy nhién, mang son thong thudng ludn cé cac khuyét tat hodc cac 16 xdp do bot
khi tao ra, nén theo thoi gian dung dich dn mon c6 thé khuéch tan qua 16p son toi tiép
xtic vé&i bé mit kim loai. Khi d6, trén so @6 mach dién tuong duong dugc bod sung thém
mot cum yéu té mic song song gom dién trd mang Re va dién dung mang Cc. Gia tri
ctia Rc va Cc duogc xac dinh nhu sau:
- Pién tr&6 mang Re: khi tan s6 f—0, Zr — (Re + Rc), Re duoc tinh bang ban kinh ban
cung trén biéu d6 Nyquist.
- Dién dung mang Cc: tai tin s6 fmax (trong dwong véi tan sd tai d6 Zi cuc dai, tuong

{rmg véi ban kinh ban cung trén gian d6 Nyquist), ta co:

Cc= Yiw.z)= Yanf.2) (63)

Khi kim loai bi an mon duéi tac dung cua dung dich dién ly theo thoi gian, ngoai

dién tr¢ va dién dung dac trung cho mang son, Xuét hién thém céc dai lugng téng tro

Faraday va dién dung cua 16p kép, dac trung cho qua trinh dan mon xdy ra tai giao dién

giita kim loai. Trong trudng hop ndy, thong thuong gian do tong tro sé xuat hién it nhat
thém mot ban cung twong dwong voi qua trinh Faraday dién ra trén bé mit kim loai.

1.7.3.5. Cdc dang mach dién twong dwong mé ta phé téng tré

Trong truong hop 16p pht con nguyén ven, voi kha ning che chin cao thi mach
dién twong duong twong tmg bao gdm dién trd cua dung dich (Rad) méc ndi tiép véi dién
dung cia mang son (Cc).

Dién tré cua mang son (Rc) 1a v6 han, song song vdi dién dung C. (Hinh 1.30).
Khi tiép xtc v6i dung dich in mon, mang son bat dau hap thu nuée, dung dich in mon
di vao cac 16 cua 16p pha. Mach dién twong duong mé ta hé théng nay duoc biéu dién

trén Hinh 1.31. Khi khuéch tan qua céc 15 tréng, dung dich an mon lam giam gia tri R po.
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Dung dich Lép son Nén kim
an mon loai

Hinh 1.30. Mach twong dwong hé nén kim loai ¢c6 mang son che chan tot [93].

Dung dich
an mon

Nén kim

Lép son g

G

T

—
LR o
| o |

Hinh 1.31. Mach twong dwong cua hé co mang son bi dd an mon xam nhdp [93].

Dung dich Lép son Nén kim
in mon loai

| “

Roo
—{ Ry
p
Hinh 1.32. So' do mé ta mdt cdt ngang mang son bi xam nhdp va mach dién tuwong
dwong twong rng [93].

So dd biéu dién mit cit cua 16p phu bi xdm nhap va mach dién tuong ting dugc
thé hién Hinh 1.32. Ryq 12 dién tré cta dung dich an mon va Cy, 1a dién dung cia mang
son. Rpo 14 dién trd cua cac 16 tréng. Ra va Ca 13 dién tré va dién dung 16p kép tai bé
mit tiép xtic giita kim loai va dung dich an mon. Pdi véi mang son bi xAm nhap, cac gia

tri dién tré va 2 hang sb thoi gian dugc thé hién theo biéu d6 Bode (Hinh 1.33).
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Hinh 1.33. Biéu d6 Bode ciia mau mang bi xam nhdp va cdc yéu té trén mach twong
duong [31].
Diéu nay co thé dugc giai thich bang cac phuong trinh sau:
« O tan sb thép, téng tré la téng cua dién tré dung dich, dién tro 16 tréng va dién
tro 16p kép, dugc xac dinh nhu sau:

}ci_f)%|z| = Rgq + Rpo + Ray (64)

« O tan sd cao, xac dinh dugc mét dién tro tuong ung véi dién trd dung dich Ryq:

Jlim 1Z] = Raq (65)

Hang s6 thoi gian ¢ tin s cao ¢6 lién quan dén mang bao vé hitu co.
T1 = Rpo. Ce (66)
Hing s6 thoi gian the hai & tan s6 thip (phuong trinh 64) twong tng véi cac hién
tuong dn mon dién ra & ving tiép xac véi kim loai va xuét hién & tan s thap.
12 = Rai. Cai (67)
Céc phép do dién hoa thuong duogc thuc hién véi hé ba dién cuc ngam trong dung

dich an mon (Hinh 1.35): dién cuc lam viéc, dién cuc doi va dién cuc so sanh.

Hinh 1.34. So do hé nghién citu phé tong tré mang son [93].
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CHUONG 2: THUC NGHIEM

2.1. Nguyén vit liéu, dung cu, thiét bi nghién ciru
2.1.1. Héa chdt, nguyén vit liéu

Céc hoa chat dung cho nghién ctru bao gdm: graphite, potassium permanganate
(KMnOQys), sulfuric acid (H2SOs), phosphoric acid (H3POs4), zinc nitrate hexahydrate
(Zn(NO3)2.6H20), zinc citrate (Zn(CH3COQ);), aluminum nitrate nonahydrate
(AI(NO3)3.9H:0), sodium carbonate (NaxCO3), sodium hydroxyde (NaOH), sodium
chloride (NaCl), hydrochloric acid (HCI), aniline (CsHsNH>), ammonium persulphate
((NH4)28,0%), tartaric acid (CsHsOs) déu la dang tinh khiét > 99%, loai sir dung cho tong
hop va dugc mua ctia hang Merck (DPuc).

Nudc st dung cho tat ca cac phan tung tong hop vat liéu 1a nuéc de—ion.

Nhya polyurethane hai thanh phan gdm polyol acrylic, chat déng ran aliphatic
polyisocyanate cua hang Nippon Polyurethane Industry (NPU).

Thép CT3 la vat liéu kim loai nén duoc dung dé ché tao dién cuc va khéo sat qua
trinh an mon trong nghién ctru nay. Bé dién cuc thép va tAm thép duoc tién xir Iy bang

phuong phap mai bang gidy mai v6i do min hat d4 mai ting dan 180, 400, 1000 va 2000.

2.1.2. Dung cu, thiét bi nghién ciru
Céc dung cu can st dung dé thue hién cac thi nghiém cho nghién ctru nay bao gém:
can phan tich, may do pH, may khudy tir c6 gia nhiét, binh cau, bd dng sinh han hdi luu,
cdc thuy tinh, binh tam giac, pipet thiy tinh va cac dung cu khac.
Cac hé théng, thiét bi nghién ctru dugc st dung cho cac thi nghiém bao g@)m: hé
thong sy thing hoa cia Eyela FDU 1110, ti siy chan khong Eyela; hé 6n dinh nhiét
khoang nhiét do tor —20 + 40 °C; thiét bi do do dan 4 kim va thiét bj do do day mang

mong bang song si€u am.

2.2. Ung dung GO vao mang son polyurethane chong in mon thép
2.2.1. Tong hop GO
Trong nghién ciru ndy, GO dugc tu tong hgp bang phuwong phap Hummer bién tinh
theo quy trinh tong hop clia Zaabaa cting cong su [95] (Hinh 2.1), tom tit nhu sau:
Can 5 g graphite cho vao 120 mL hdn hop (hh) acid H>SO4:H3POx (ti 1¢ 9:1), khudy
manh dé graphite phan tan déu trong hh acid. Thém tir tir 15 g KMnO4 vio hh phan tng,
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gia nhiét va duy tri phan tmg ¢ 50 °C trong 2 gi0, dd phan ting c6 mau xanh réu dam.
Sau d6, dun hoan luu dd phan tmg ¢ 90 °C trong 4 gid, dd chuyén sang mau nau den.
Ha nhiét do phan tng vé nhiét do phong, thém 1+2 mL H,0, dé khir KMnO; du, phan
g trong trong 2 gid, thu duoc graphite oxide. Graphite oxide dugc tach 16p bang song
siéu 4m 300 KHz trong bé siéu am, thoi gian 2 gid, tao dd GO. Rua trung hoa dd GO
v6i nude cit va sdy thiang hoa thu duoc bot GO. Tinh chat va dic trung cau trac cia GO

dugc phan tich chi tiét qua cac phuong phap FT-IR, XRD, SEM va Raman.

H,SO,:H,PO, Graphite KMnO,
(ti 1 9:1) 5g 15¢

Phan tmg oxy hoa
50°C, 2 gio

) 4
N

A 4

Phan trng oxy hoa
90 °C, 4 gio

v

Khir KMnO, du

v

Ly tam, rira trung hoa dd GO

h 4

Say thing hoa

FT-IR

R XRD
SEM

Raman

Hinh 2.1. Quy trinh tong hop graphene oxide (GO) tu graphite bang phuong phép
Hummer cai tién [95].
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2.2.2. Ché tao mang son polyurethane chiva GO

Quy trinh ché tao mang son polyurethane chira GO nhu sau: phan tan GO trong
dung moi tao dung dich déng nhéat, sau d6 cho lwong PU thich hop vao tron tdc do cao
tao thanh hdn hop PU/GO. Thém chat déng rin vao hdn hop PU/GO, khudy manh va
déu tao hdn hop déng nhat, luge qua ludi dé léng bot va tién hanh tao mang.

Trong nghién ctru ndy, kim loai duge st dung 1a mau thép CT3 c6 kich thudc 70
x 100 x 1 mm. Trudc tién, rira sach diu m& trén mau thép bang xa phong, lau va sy
khé. Sau d6, danh gi c6 trén bé mit mau thép bang choi kim loai. Tiép theo, danh bong
mau bang gidy nham c6 do min 400. Cudi cung, rira sach lai bang nudc cat, trang con
tuyét dbi va say kho. Mang son dugc tao trén mau thép bang phuong phép trang phu.
Mang son phii trén bé mat miu thép sau khi kho s& c6 do day 1a 15 + 0,5 pm.

2.3. Vit liéu lai hoa tr GO va composite véi polyaniline rng dung trong son
polyurethane chong an mon thép

2.3.1. Tong hop vt ligu lai héa G-HT

Vat liéu G-HT duogc diéu ché bang phuong phap dong két tia hdn hop dung dich
hai mudi Zn(NO3), va AI(NOs); trong dung dich GO (Hinh 2.2) va tom téit nhu sau:

Phan tan GO vao 100 mL nuéc de—ion, ddng hoa dung dich bang séng siéu am dé
tao dd GO dong nhat. Dung dich mudi Zn—Al 14 hdn hop dung dich hai mubi sao cho
nong do 1an luot 13 Zn(NOs)2 0,2 M va AI(NO3); 0,1 M. On dinh dung dich GO ¢ pH
9,5, dong két tua dung dich mudi Zn—Al vao dung dich GO véi tbe do dong 2 mL/phut.
Duy tri pH cta dung dich phan tmg & 9,5-10 bang NaOH 0,5 M. Sau khi dong két tua,
gia hoa hdn hop phan g & 80 °C trong 24 gid. Ly tim thu san pham dong két tia, loc
rira v6i nude cat dé trung hoa pH, sau d6 sdy chan khong & 60 °C trong 6 gid, thu duogc
graphene oxide—hydroxide 16p kép va tir ddy ky hiéu 1a G-HT. Tinh chat va dic trung
ciu trac cua vat liéu G-HT duogc phan tich bang cac phuong phap FT-IR, XRD, SEM
va Raman.

Trong ndi dung nay, vat licu G-HT duogc téng hop voi céc ti 1€ mur/mgo khac
nhau, hiéu suét téng hop céc vat liéu nay duoc thé hién ¢ Bang 2.1. Tinh chat chéng an
mon thép CT3 thir nghiém ngam trong dung dich NaCl néng d6 3,5% duogc khao sat
bang phuong phap tén hao khéi lugng va phwong phap dién hoéa. Cac thi nghiém téng
hop G—HT dugc phan bd thi nghiém nhu ¢ Bang 2.1.



100 mL hén hop
Zn(N03)3 0,2 M
va AINO3)3 0,1 M
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Hoa tan GO trong 100

mL nudc de—ion
Siéu am 30 phut

Pong két tiia hon hop mudi Zn—Al |

trong dung dich GO ¢ pH 9,8-10

Piéu chinh
pH

Gia hoa
t= 380 °C, thoi gian: 24 gio

Ly tdm, rira trung hoa bang nudc cat

Hinh 2.2. So' d6 quy trinh diéu ché vit liéu G—HT bang phwong phdp dong két tia.

Bdng 2.1. Phén bé thi nghiém tong hop vit liéu G—-HT véi ti 1é mur/mco khdc nhau;

dong két tua ¢ pH 9,5, gia héa & nhiét dé 80 °C trong 24 gio.

Hoén hop dung dich Zn(NOs3)2 0,2 M va

Hiéu suat

Ky hiéu mGo AI(NO3)3 0,1M
X my1/meo o
mau €3] Vad Mzr(NOs), MAI(NOs)s (%)
(ml) () (2)
G-2HT 2/1 0,5 33,5 2,0 1,3 85+0,5
G-5HT 5/1 0,2 33,5 2,0 1,3 85+0,5
G-10HT 10/1 0,2 67,0 4,0 2,5 90+ 1,1
G-20HT 20/1 0,2 134,0 8,0 5,0 90+ 1,2
G-30HT 30/1 0,2 201,0 12,0 7,6 90 + 3,2




54

2.3.2. T 5ng hop vit liéu lai héa G—Zn0O

Vit liéu lai hoéa G-ZnO duogc tong hop bang phuong phap két tia mudi Zn trong
dung dich GO, phan tng téng hop theo quy trinh & Hinh 2.3, va duoc tom tit nhu sau:

Phén tan GO trong 50 mL nuéc de—ion, dong hoéa dd bang séng siéu 4m tao dung
dich GO dong nhat. Hoa tan Zn(CH3C00),.2H,0 trong nuéc de—ion duoc dung dich
Zn(CH3C0O0), 0,5 M. Nho giot dung dich Zn(CH3COO), vao dung dich GO véi toc do
dong 3 mL/phut, sau d6 kiém héa hdn hop phan tng dén pH 11 bang NaOH 2 M, thu
duogc hon hop G—ZnO. Pun thay nhiét hén hop G—ZnO & 110 °C trong thoi gian 16 gio.
Két tha G—ZnO sau dun thay nhiét dugc rira voi nude cat dén trung hoa bang phuong
phap ly tam, sdy chan khong & 60 °C trong 8 gid thu dugc san pham G—ZnO. Céc vt
lidu G—ZnO dugc phén tich tinh chat va dic trung cu tric bang cac phuong phap

FT-IR, XRD, SEM va Raman.

Hoa tan
Zn(CH;COOQ), trong
50 mL nudc de—ion

Hoa tan GO trong 50 mL
nudc de—ion
Siéu am 30 phut

Nho giot dung dich Zn(CH;COO), vao dung dich GO
toc do 2,5 mL/phut tao dung dich ZnO—-GO
Ti 1€ my,o/mgo = 2/1, 5/1, 10/1 va 20/1

Kiém hoa dung dich ZnO-GO bang NaOH 2 M
pH 11

Dun thiy nhiét
t= 110 °C, thoi gian: 16 gio
I

Hinh 2.3. Quy trinh diéu ché vit liéu lai héa G—ZnO bang phwong phdp két tia.
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Trong ndi dung nay, vat liéu G—-ZnO dugc téng hop véi céc ti 1€ mzno/mco 1an luot
1a 2/1, 5/1, 10/1, 20/1 va 30/1, hiéu suit téng hop vt liéu G-ZnO & cac diéu kién déu
dat 90% (Bang 2.2). Tinh chat chng dn duoc khao sat bang phuong phap ton hao khdi
luong nhu trinh bay ¢ myc 2.4.2.1. G=ZnO c6 hiéu qua chéng dn mon tot nhat s& duoc
phan tich dic trung ciu truc va phan tich chéng dn mon bang phuong phap dién hoa.
Céc thi nghiém tong hop G—ZnO dugc phan bd thi nghiém nhu ¢ Bang 2.2.

Bang 2.2. Phan bé thi nghiém tong hop vit liéu G—ZnO véi ti 1é mzo/meco khdc nhau;
ket tua o pH 11, phan vng thuy nhiét o 110 °C trong 16 gio.

Dung dich ZnCH3(COO), 0,1 M

K hicu ma / mGo Hiéu suat

YURHIE Mmoo g Vad Mzncis (oo, (%)
(mL) (2)

G-2ZnO 2/1 0,2 10,0 0,9 90 £0,5
G-5ZnO 51 0,1 12,5 1,1 90 + 0,5
G-10ZnO 10/1 0,1 24,5 2,3 90+£0,5
G-20ZnO 20/1 0,1 49,5 4,5 90 + 1,5
G-30ZnO 30/1 0,1 74,0 6,8 90 £ 2,1

2.3.3. Tong hop composite G-HT/PAN va G—ZnO/PAN

G-HT/PAN va G—ZnO/PAN duoc diéu ché bang cach tong hop PAN truc tiép
trong moi trudng cd6 G—HT hodc G—ZnO. Phan tmg polymer héa theo co ché oxy hoa
str dung tac nhan ammonium persulphate (APS). Khéo sat diéu ché thuc hién theo so dd
quy trinh & Hinh 2.4 va tom tat nhu sau:

Phan tan G—HT (hoic G—ZnO) vao 100 mL hén hop EtOH:H-O (ti 18 50:50), dong
héa bang séng siéu 4m trong 30 phut. Hoa tan aniline trong 50 mL dung dich acid tartaric
dugc dung dich aniline/TA va nhé giot vao dung dich G—HT (hodc dung dich G—ZnO)
dugc dung dich aniline—G—HT (hoéc aniline—G—Zn0O). Hoa tan APS vao 50 mL dung
dich acid tartaric dugc dung dich APS/TA. On dinh dung dich aniline—G—HT (hodc
aniline—G—Zn0O) va dung dich APS/TA ¢ nhiét d§ 2—4 °C trong 30 phut. Nho giot dung
dich APS/TA vao dung dich aniline—G—HT (hoac aniline—G—ZnO), thuc hién phan iing
polymer héa & nhiét do 2+4 °C trong 8 gid. Thu san phadm phan Gmg bang phuong phap

ly tdm, rra va trung hoa pH véi nudce de—ion, séy 0 nhiét do 60 °C, thu duoc vat liéu
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G—ZnO/PAN (hoic G—HT/PAN). Tinh chat va dic trung ciu tric ciia cac composite
duoc phén tich bang cac phuong phap FT-IR, XRD, SEM, TGA va xéac dinh do dan

dién bang dau do 4 diém.

Aniline trong 50
mL dung dich
tartaric acid

APS trong 50 mL dung
dich tartaric acid
nAPS/ ypiline = %' 2-4°C

Phan tan vat liéu lai hoa trong
20 mL EtOH:H,0 (50:50)
Siéu Am dong hoa 30 phit

L

Cho dung dich aniline/TA vao hon hop G-ZnO/G-HT
khuay tir 30 ph ¢ 24 °C

A 4

Nho giot dd APS/TA toc d6 1 mL/ph

vy

Phan 1ing polymer hoa duge duy tri & nhiét do 2—4 °C

y

Ly tam, rira trung hoa, say chin khong nhiét &6 50 °C
trong 6 gio

- FT-IR
- XRD

- SEM
- TGA
- Do dan dién

Hinh 2.4. Quy trinh tong hop composite G—ZnO/PAN va G—HT/PAN.

Trong ndi dung nay s& khao sat anh hudng ciia ndng do tartaric acid dén hiéu suat
téng hop composite G-HT/PAN véi cac phan bd thi nghiém nhu ¢ Bang 2.3. Nong do
tartaric acid cho hiéu suit phan ng cao nhat s& dugc st dung lam diéu kién dé tong hop
cac composite G-HT/PAN voi ti 1€ mg-ut/mpan khéc nhau. Sau do khao sat kha nang
chéng dn mon thép CT3 clia cic composite ndy trong mdi trudng dung dich NaCl 3,5%

bang phuong phap ton hao khdi lugng nhu trinh bay ¢ muc 2.4.2.1.
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Bdng 2.3. Phdn bé thi nghiém khao sat anh huong nong dé acid tartaric dén hiéu sudt
tong hop composite G—HT/PAN.

MG T MpaN = 1.2, Naps/Naniline = Y4, nhiét do 4 °C, thoi gian 8 gio

Ki hiéu mau Cra (M) mta (g) Maniline (&)
2,5TA-G—HT/PAN 0,025 0,188 0,05
STA-G-HT/PAN 0,05 0,375 0,05
10TA-G—HT/PAN 0,1 0,750 0,05
25TA—G—HT/PAN 0,2 1,875 0,05

Composite G-HT/PAN cho hiéu qua chdng an mon t6t nhat duge phén tich dic

trung ciu tric va nghién ctru tinh chat chdng dn mon bang phuong phap dién héa. Dong

thot, ti 16 nay ciing duogc st dung dé tong hop composite G—ZnO/PAN va danh gia kha

ning chong an mon bang phwong phap dién héa. Cac phan bé thi nghiém dugc thé hién

cu thé nhu trong Bang 2.4.

Bdng 2.4. Phén bé thi nghiém tong hop composite G—HT/PAN.

nAPS/Maniline = %4, nhiét do 4 °C, thoi gian 8 gio

Ky hiéu mau MG-HT/MPAN mg-nr (g) Maniline ()
G-HT/0,25PAN 4/1 0,5 0,125
G-HT/0,5PAN 2/1 0,5 0,250
G-HT/1PAN 1/1 0,5 0,500
G-HT/2PAN 1/2 0,5 1,000
G-HT/5PAN 1/5 0,5 2,500

2.3.4. Ché tao mang son polyurethane chiva cdc vit ligu lai héa va composite

Mau thép CT3 kich thudc 70 x 100 x 1 mm duogc chuén bj theo céac budc sau:

(1) Rura sach dau, m& bam trén bé mit bang xa phong;

(2) Sir dung gidy mai kich thudc hat 400 danh sach gi sét bé mat;

(3) Rira sach bang nudc cat, trang mau véi con tuyét doi va say kho.

Céc mau thép da chuan bi duoc luu trit trong ti hiit am dé tranh anh hudng cia tac

dong moi truong.
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v
Nghién bi

Lwoc qua ray

Phiu mang son trén mau thép
tam CT3

Mang son trén
thép CT3

Hinh 2.5. Quy trinh ché tao mang son trén mau tam thép CT3.

Vit liéu tong hop duogc két hop vao hé son PU tao mang dé khao sat kha niang tmg
dung cua vat li¢u cho hi¢u qua chéng an mon theo quy trinh & Hinh 2.5. Phan tan vat
liéu trong dung moéi bang thiét bj dong héa co hoc tdc dd cao va song siéu 4m xen ké
trong thoi gian 1 gio. Ham luong vt lidu trong son 13 0,5% khdi luong. Tron dung dich
chtra vat liéu v6i PU béng thiét bi dong héa tde do cao trong 30 phit thu dwge hdn hop
Vit liéu/PU. Mang son duoc tao bang phuong phap trang phu. Do day cua mang sau
kho 13 15 £ 0,5 um va duoc do bang may do d6 day MINITest 600 ctia ERICHEN.

2.3.4.1. Khdo sdt tinh chdt chong an mon thép cia mang son bang phwong phdp

phun mi mudi

Tinh chét chdng an mon cua cic miu mang son duoc thir nghiém bang phuong
phap ngoai quan 12 phuong phap phun mi mubi theo TCVN 12640:2021 [96]. Theo do,
mau duoc thir nghiém trong méi trudng an mon dé theo ddi d6 bén dn mon twong d6i
clia cac mau kim loai va kim loai ¢6 16p pha duoc thir nghiém va nham danh gia tudi
tho cua thép trong moi truong an mon.

Sau khi tao mang trén thép, dung mdt dung cu chuyén dung rach nhe hai duong dé
mot phan bé mit kim loai tiép xuc v6i moi trudng ngoai trude khi thir nghiém. Sau do,

dit mau vao budng phun mu mudi v6i dung dich NaCl 5% trong nuéc cat. Nhiét do
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budng phun twong Gng véi nhiét d6 phong va duy tri trong vong 7 ngdy. Cac mau dat
trong budng dwgc dé thang ding va dé gan véi voi phun. Luu lai hinh cta cac mau theo
cac mdc thoi gian 1, 3 va 7 ngay. So sanh d dn mon thay dbi theo thoi gian va xac dinh
phan tram khoi lwong bi an mon trén thép.

2.3.4.2. Khdo sdt tinh chdt chéng an mon thép ciia mang son bang phwong phdp do

t6ng tré dién hoa.

Phuong phap do téng tré dién hoa mang son cho phép theo ddi va phén tich theo
ting giai doan ciia qua trinh dn mon dién hoa xay ra trén bé mit tiép xtc kim loai va
mang son. Day 1a phuong phap hién dai cho két qua c6 do tin cdy cao, gitip xac dinh
duoc day du cac thong sb dién hoa cua mang son (dién tré mang Re, dién dung mang
Cc), khong can pha hily mau, cho két qua danh gia dung va kip thoi tinh trang clia mau
cling nhu du doan dugc qua trinh an mon.

Composite trc ché dn mon dua trén kha ning che chén, can tré dung dich dn mon
khuéch tan qua mang son dén tiép xtic v6i nén thép. GO co kha ning che chén tt, su
két hop véi HT va ZnO ché tao vt liéu lai hda G-HT va G—ZnO gitip giit cho cac tAim
GO khong bi cudn lai trong khong gian, cac nhom chirc trén bé mat giup GO c¢6 hi¢u
g “bay” cac e sinh ra do phan g hoa tan kim loai nén, polyaniline trong mang son
lién tuc phan ng voi e~ tu do chuyén trang oxy hoa sang khir va nguoc lai, han ché

duoc toc do an mon nén kim loai.

2.4. Cac phwong phap phan tich
2.4.1. Phan tich cdu triic va tinh chét vit liéu

Trong ludn 4n nay, dic trung cdu trac va tinh chat cia cac vat liéu nghién ctru tong
hop dugc phan tich bang mot sé cac phuwong phap hién dai bao gdbm FT-IR, XRD, SEM,
TGA va Raman, céc diéu kién va phuong phéap duogc thuc hién cu thé nhu sau:

- Phuong phép quang phd hong ngoai bién d6i Fourier FT-IR duoc st dung dé
phan tich tinh chét va lién két hoa hoc trong ciu triic cia cac vat liéu téng hop dugc.
Mau vat liéu téng hop duoc siy kho t6i da dé han ché anh huéng cua lugng 4m trong
mau dén két qua phan tich. Sau d6 mau duogc tron voi KBr (ti 16 khdi lugng mau 0,1%
mga;), nghién min va ép vién bang may ép thuy luc véi luc ép 500 KN. Phép do duogc

thuc hién trong khoang sé song tir 400—4000 cm ™!, budc quét 8 cm™', 64 1an quét.
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Phuong phép nay duogc thyuc hién trén thiét bi FT-IR Tensor 27 (Bruker, Purc) tai Vién
Cong ngh¢ Hoéa hoc.

- Phuong phap XRD dugc str dung dé phan tich cAu tric cta vt liéu dua trén hién
tugng nhiéu xa tia X trén mang ludi tinh thé. Trong nghién ctru ndy, mau vat lidu phai
dugc nghién min, sdy va bao quan trong binh hut 4m trudc khi phan tich, khéi luong
mau can st dung ttr 0,5-0,8 g. Thong s6 van hanh: gbc nhiéu xa 2 theta = 2—70°, budc
quét 2 °/phit. Phuong phap nay dugc thuc hién trén thiét bi Bruker Advance D8 (Biic)
tai Truong Pai hoc Bach Khoa thanh phé) HO Chi Minh.

- Kinh hién vi dién tir quét (SEM) duoc sir dung dé quan sat chi tiét bé mat vat
mau v6i d6 phong dai cao khac nhau. Mau duoc nghién min, pha 16p moéng trén dé
carbon dan dién, sau d6 phu 16p nano Pt trén bé mat. Hinh thai cAu trac vat liéu duoc
quan sat trén thiét bj kinh hién vi dién tir quét SEM Jeol 6400 (Nhat) tai Vién Cong nghé
Hoéa hoc va Thermo Scientific (MV) tai Truong Pai hoc Tai nguyén Méi trudng.

- Bé nghién ctru cac dao dong va thay ddi trén cdu trac ciia GO va vat liéu lai hoa
trén nén GO, ludn 4n nay sir dung phuong phap quang phdé Raman vé6i théng s van hanh
1a: dong kich thich 532 nm (25 mW), dai do tir 100 — 4000 cm™'. Thiét bi quang phd
Raman thudc Vién Khoa hoc Vit liéu Ung dung.

- Tinh chat nhiét va d6 giam khéi luong do nhiét ciia cic mau vit lidu lai hoa va
composite dugc phén tich bang phuong phap TGA. Diéu kién phan tich mau bao gdm:
khéi luong miu phan tich dao dong 5—8 mg, khoang nhiét 6 phan tich 28—800 °C véi
tdc d6 gia nhiét 10 K/phtt. Phuong phap nay dugc thyc hién trén thiét bi phan tich nhiét
trong DSC — TGA Setaram (Phap) tai Truong Pai hoc Su pham TP Ho Chi Minh.

2.4.2. Phan tich higu qud chong dn mon thép ciia vit liéu tong hop
Kha ning bao vé va chdng dn mon thép CT3 clia cac mau vt liéu tong hop dugc
khao st dya trén phuong phép ton hao khdi luong va phuong phap dién hoéa.

2.4.2.1 Phwong phdp tén hao khéi lwong

Mau thép CT3 sir dung dé thir nghiém c6 kich thudc @ 8 x 20 mm, khdi luong
trung binh 1a 8,5 + 0,25 g. Trudc khi thir nghiém, tat ca cac mau déu dugce tién xur ly
bang phuong phap mai co hoc, véi thir tu gidy mai lan luot 1a #180, #320, #800, #1200
va cudi cung 1a #2000. Cac mau thép phai duoc rira sach lai bang nudc cét 2 1an, trang

lai bang ethanol (hodc acetone) va say kho, luu trir trong ta hut am.



61

Céc budc tién hanh thir nghiém bang phuong phap ton hao khdi lugng nhu sau:
dau tién, do dac chinh xéc kich thudc mau d¢ tinh dién tich S 1a dién tich bé mat mau
tiép xuc v6i dung dich dn mon; cAn mau bang can 04 sb xac dinh khéi lwong miu trude
thir nghiém mo; sau thoi gian t ngdm méu trong dung dich an mon, 1dy mau ra va ria
sach cac gi hoa hoc trén bé mat mau; trang lai mau béng nudce cit, ethanol sau d6 séy
kho va bao quan trong binh hat 4m 24 gio trude khi can khéi lugng mau con lai ms. Mirc
d6 t6n hao khdi lurong theo thoi gian duoc tinh toan theo cong thic (68) dudi day.

V = (mo — my)/S.t (g/cm?ngay) (68)

Nhu vay, hi¢u suét chéng an mon dugc xac dinh theo cong thure

H = Vy/Vox 100 (69)

Trong do:

- H1a hiéu qua bao vé chéng an mon, %.

- Vo la mirc d6 tén hao khoi luong ctiia mau thép CT3 trong dung dich NaCl 3,5% tai
thoi diém 14y mau, tinh bang g/cm2.ngay.

- Vs la muc d6 ton hao khdi luong ctia mau thép CT3 trong dung dich NaCl 3,5% co
chura vat liéu nghién ctru tai thoi diém 14y mau, tinh bang g/cm?.ngay.

2.4.2.2. Sir dung duong phdn cuc thé déng va phwong phdp neoai suy Tafel @é khéo

sdt tinh chét chéng dn mon kim logi cia vét liéu téng hop

Do dién tré phan cyc 1a phuong phap do nhanh dé danh gia téc do dn mon ciing
nhu danh gia dinh tinh cac chét trc ché. O tée do quét thé 0,1 mV/s, voi khoang thé 50
mV can chua dén 10 phut. Vi dién thé 4p vao khong xa khoi thé an mon nén mau khong
bi pha hily trong qué trinh do, do d6 mau c6 thé str dung cho cac nghién ctru khac. Dé
chinh x4c hon, cac hé sé goc Tafel Ba, B can duge xac dinh doc 1ap bang phuong phap
ngoai suy Tafel.

Thi nghi€ém do dién tré phan cuc dugc thuc hién trén hé 3 dién cuc dugc ndi voi
may Biologic VSP-300. H¢ 3 dién cuc gém: dién cuc 1am viéc 1a mau thép c6 boc epoxy
va dién tich mat cat tiép xuc véi dd an mon 1a 50,24 mm?, dién cuc so sanh 1a dién cuc
Ag/AgCI/KCI bao hoa, dién cuc ddi 1a dién cuc platinum. Bé mat dién cuc lam viée
duoc mai béng giéy nham SiC dén d6 min 1200, sau d6 1am sach béng ethanol, nuéc cét

va say kho.
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Hinh 2.6. So do hé dién héa thir nghiém tinh chat chéng an mon cua vat liéu trong
dung dich NaCl 3,5%, nhiét do 25 °C.

Dé khao sat kha ning chéng dn mon thép cua vat liéu, ngdm dién cuc trong dung
dich NaCl 3,5% chtra vat liéu nghién ctru trong thoi gian 2 gid. Sau do, lép dién cuc vao
hé do dién ho4 va tién hanh cac phuong phap do. Ham luong cta cac vt liéu trong dung
dich NaCl 3,5% la 1 g/L. Duong phan cuc thé dong duoc do tur thé an mon véi tde do

quét 5 mV/s. Pho tong tro do véi ché d6 quét tr dong trong dai tin s tir 10-102 Hz.

2.4.3. Phan tich mang son

2.4.3.1. Phuong phdp xdc dinh géc tiép xiic giot nuwéc

Phuong phép nay dugc st dung dé so sanh kha ning che chin, ngin thim w6t cua
cac loai mang son thong qua goc tiép xtic cua giot nude trén bé mit mang. Dé thyc hién
phuong phép nay, nhé 50 pL nude trén bé mit mang theo phwong thing dimg. Hinh anh
giot nude duge ghi nhan bang kinh hién vi k¥ thuét s6 c6 tich hop camera (G1000, Trung
Quéc), d6 phong dai 50 —100 1an va sau do, hinh anh duogc xir 1y bang phan mém Image)
dé tinh toan gié tri cua goc tiép xuc.

2.4.3.2. Thir nghiém phun mi mudi

Thir nghiém phun mu mudi 14 phuong phap danh gia d6 gi, d6 rop ctia mang son
phu trén nén thép sau thoi gian thir nghiém dat trong ta mu mudi. Cac diéu kién thi
nghiém cua phuong phép nay dugc thyc hién theo tiéu chuan ASTM D610 va ASTM D
714-02. Mang son duoc thir nghiém trong ti mu mudi theo tiéu chuan ASTM B—117.
Vét rach trén miu dugc tao bang dao rach miu mang chuyén dung (Trung Qudc). Mau
thir nghiém dit trong budng voi goc nghiéng so voi phuong thang dung trong khoang

15-25°. Diéu kién thtr nghiém: (1) Nhiét do: 35 + 2 °C; (2) dd NaCl ndng d6 50 + 5 g/L.
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2.4.3.3. Phuong phdp EIS do phé tong tré mang son

Phuong phép do tong tré dugc sir dung kha higu qua trong nghién ciru an mon, dic
biét khi c6 mit cud cac 16p phu cach dién. Phuong phép nay cai thién kha nang mac phai
sai s6 ctia phuong phap xac dinh dién trd phan cuc trong truong hop dién trd dung dich
16n. Pong thoi, phuong phap nay con cung cap nhiéu thong tin hitu ich vé dong hoc va
co ché qua trinh.

Uu diém ciia phwong phap do t(fng tro:

— Vi phuong phéap nay khong can quét thé, nén co thé thyc hién trong nhiing dung
dich c6 do dan rat thap.

— Phuong phap do tong trd sir dung mot dién thé kich thich rat nho, thuong chi 5
dén 10 mV, dién thé kich thich cua dong dién nay chi c6 thé gy ra cac diém nhiéu rat
nhd, do d6 giam dugc sai sb khach quan.

— Phan tich két qua pho tong trd c6 thé xac dinh duge ddy du cac thong so dién
hoa nhu céc gia tri dién tré, dién dung tu dién hay du doan qué trinh dich chuyén dién
tich, nén c6 thé md phong dugc ciu tric mach dién twong dwong cua cac thanh phan

hinh thanh trén mau.

Digncycsosanh |
Ag/AgCl

Dién cyc déi Pt

THIET B| DO
DIEN HOA

Dién cyrc lam vige
thép CT3

Hinh 2.7. Mau thir nghiém tong tré mang son phii trén thép tam CT3

Str dung phuong phap do EIS ¢6 nhiéu thuan loi hon so véi cac phuong phap do
dong truc tiép. Do phuong phap nay c6 d nhay cao, thuong khong doi hoi cac yéu td
gia tbc dé thir nghiém nhu nhiét do, nong do méi truong dn mon. Diéu kién khé khin
thudng gap khi Iya chon str dung phurong phap nay 1a do cac thiét bi str dung cho phuong
phap do nay c6 gia tri cao v6i chi phi van hanh kha 16n. Hon nira, viéc phan tich cac két
qua do dugc con kha phuc tap, can ndm viing 1y thuyét chuyén siau vé dién hoa va hoa
1y, va can xdy dung dugc mo hinh mach dién twong duwong phu hop véi cau trac cia

mau mang son phu trén kim loai.
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Dé nghién ctu thir nghiém mang son chdng dn mon bang phuong phap do tong
tré, mau nghién ctru 13 cac miu thép duge phit mang son trén bé mat va tiép xac voi
dung dich dién ly theo mé hinh thiét ké nhu Hinh 2.8. Khi nay, cdc mau tdm thép
c6/khong phu mang dong vai tro la dién cuc lam viéc.

Pho tong tré ctia cac mau mang son phu trén tim thép duge do trén may Biologic
VSP. DBiéu kién phan tich dugc thiét 1ap & ché d6 quét tu dong trong khoang tan s tir
1051072 Hz. So d6 do téng trd 1a hé 3 dién cuc bao gém:

- Pién cuc lam viée: 1a mau thép phu mang son ¢ gan dng PVC chira 50 mL dung
dich NaCl 3,5%, dién tich tiép xtic cua bé mit mau véi moi trudng &n mon 1a 572 mm?;

- Dién cyc so sanh: 1a dién cuyc Ag/AgCI/KCl bao hoa;

- Pién cuc ddi: 1a tAm ludi platinium.

Puong cong phan cuc va phd tong trd mang son dugc phan tich trén thiét bi
Biologic VSP tai Vién KV thuat Nhiét doi va tai Pai hoc Khoa hoc Tu nhién thanh phé
H6 Chi Minh.
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CHUONG 3: KET QUA - THAO LUAN

3.1. Nghién ctru ing dung GO trong mang son poyurethane bao v¢ kim loai
3.1.1. Phén tich tinh chit dic trung ciia GO tong hop

3.1.1.1. Céc tinh chdt ddc trung cia vit liéu GO téng hop

Vit liéu GO duoc st dung xuyén sudt trong luan 4n nay 1a GO ty téng hop bang
phuong phap Hummer cai tién [95] theo quy trinh nhu & Hinh 2.1 va ¢6 cau tric hoa

hoc dugc phan tich bang pho hong ngoai véi két qua nhu ¢ Hinh 3.1.

Hinh 3.1. Phé FT—IR cua vit liéu GO tong hop theo phirong phdp Hummer

cdi tién.

Phé hdng ngoai ciia GO (Hinh 3.1) cho thiy su ton tai cac nhom chirc chtra oxy
trong cu trac GO, bao gdm cac peak tai 3401 cm™ dic trung cho dao dong gidn dai cua
nhém —OH, peak tai 1732 cm™! dic trung cho dao dong gidn dai cua lién két C=0 trong
cac nhom carbonyl, peak tai 1226 va 1052 cm™! lan luot duoc dic trung cho vi tri dao
dong gian dai cia nhom C—0—C va C—O [13]. Ngoi ra trong ph6 hong ngoai cia GO
con c6 peak tai vi tri 1624 cm™' dic trung cho cac dao dong gidn dai cua lién két C—C

trong cdu triic graphite chua bj oxy hoa hoan toan.
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Bdang 3.1. Cdc dao ddng hong ngoai dic trung cua vdt lieu GO tong hop theo
phwong phap Hummer cdi tién.

Dao dong Nhém chire Pac trung [13]
3435 —OH Nhém OH trong H2O va COOH
1732 —C=0 Nhom chie —COOH
1624 —C=C— Vong thom mang ludi graphene
1396 C—OH Dao dong gian dai cua nhoém carboxyl
1226 C—0—C Dao dong gian dai
1063 C—0 Dao dong gian dai

Hinh thai cia GO duoc quan sat bang anh SEM nhu trén Hinh 3.2, cho thdy GO

c6 dang tAm mong, kich thudc khoang 1-10 um, d6 day cia tim khoang 50—100 nm.

[ o -5
2N ¢ Ul X

x 10 000

Hinh 3.2. Hinh dnh quan sdt trén kinh hién vi SEM cua vat lieu GO tong hop
theo phwong phap Hummer cdi tién.
Kha ning hip thu UV cia vat liéu GO duge danh gia bang phd UV—Vis va phd
UV-Vis ctia GO phén tan trong nudc cit dugc thé hién & Hinh 3.3. Két qua phan tich
cho thiy GO c6 peak hip thu tai 248 nm, cho thdy GO c6 hip thy birc xa UV.
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Hinh 3.3. Phé UV—Vis ciia vdt liéu GO tong hop dwoc phdn tén trong nwéce cdt.
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Céc két qua phan tich tinh chét va dic trung cia GO nhu trén phi hop véi cong bd
ciia nhdm Prem Anandi Senthilvasan [97] voi nghién ciru khao sat kha nang tc ché an
mon ciia GO ddi voi thép trong dung dich NaCl 3,5%.

3.1.1.2. Khdo sdt hiéu qud chéng dn mon thép ciia GO

Khao sat kha ning chéng dn mon thép trong dung dich NaCl 3,5% cua GO dugc
thyc hién thong qua cac thi nghiém xac dinh duong cong phan cyc thé dong do trén dién
cuc thép sau 2 gid ngam trong dung dich NaCl 3,5% khéng c6 (miu tring) va ¢ chira
GO (ndng do 1 g/L) (Hinh 3.4). Thé in mon do duoc trén dién cuc thép trong dung dich
mau tring 14 —802 mVagagcykcl, con trong dung dich NaCl ¢6 chira GO, thé dn mon c6
gia tri dwong hon 1a =740 mV agagcikcl. Chit e ché dn mon dwoc phan loai gdm chat
trc ché anode hoic cathode khi mtrc d6 dich chuyén cta Ecor 16n hon 85 mV [98]. Gia
tri Ecorr do dugc trén dién cuc trong dung dich NaCl c6 GO dich chuyén so voi khi khong
c6 GO 13 62 mV (dué6i 85 mV), nén GO hoat dong nhu mot chat e ché kiéu hdn hop.
C6 nghia 1 khi ¢6 mat GO trong dung dich NaCl 1am han ché phan mg hoa tan anode

cua thép va lam chdm qua trinh giai phong H* ¢ cathode.

&
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- NaC(Cl
757||||l.w|w|w.wx\.;\wl;n;nlnlw_‘?:-_\lq()lj
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E (VAg/AgCI/KCl)

Hinh 3.4. Puong phén cuc thé déng do trén dién cure thép sau 2 gio ngdm trong
dung dich NaCl 3,5% khong co GO va co GO.
Mit d¢ dong anode do dugc trén dién cuc trong dung dich NaCl chira GO thép hon
gié tr1 do trong dung dich khong c6 GO. Su gidm gia tri mat d§ dong cathode 1a do GO
hép phu trén bé mat dién cuc thép, tao mot 16p mang GO che chin bé mat dién cuc, ngan

chdn dong di¢n tao ra gitra dung dich NaCl va dién cyc. Nho d6 da tang di¢n thé an mon,
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han ché dong dn mon, lam gidm tdéc d§ an mon. Hi¢u qua chong an mon trén dién cuc

thép cia GO trong dung dich NaCl dugc xac dinh theo cong thire sau:

.0 i
E (%) = ot % 100 (10)

leorr

Trong cong thirc (10) trén, i%or 1a mat @4 dong an mon qua dién cuc thép trong
dung dich NaCl dugc goi 13 miu tring va icorr 1a mat do dong dn mon qua dién cuc thép
trong dung dich NaCl c6 chira GO. Cac thong s6 dién hoa tinh toan bang phwong phap
ngoai suy Tafel dugc trinh bay trong Bang 3.2. Két qua cho thay hiéu suat chéng dn mon
cua GO 1a 77,5%. Prem Anandi Senthilvasan cung cdng su cling khao sat kha nang uc
ché an mon cua GO ddi voi thép trong dung dich NaCl va dat hi¢u suit 61%. Nhu vay,
GO duoc tong hop trong ludn an nay c6 hiéu qua chéng an mon cao hon so véi két qua
nghién ctru da duoc cong bé trude day [97].

Bdng 3.2. Théng sé dién héa xdc dinh bang ngoai suy Tafel dwong phdn cuc thé

dong do trén dién cuc thép CT3 sau 2 gio ngam trong dung dich NaCl khong c6/co vit
lieu GO nong do 1 g/L, nhiét do khao sat 25 °C.

Vit lidu Ecorr 1corr Ba _Bc H
MV Ag/AeCIKCI pA/cm? mV/Dec  mV/Dec %
Thep CT3 802 27,71 +0,0385 204 120 -
(mau trang)
GO -740 6,24 £ 0,0145 180 109 77,48
Thép CT3 -693 68,8 (7 - - -
GO —648 26,9 - - 61,00 ¥

() Két qua nghién ciru ciia Prem Anandi Senthilvasan cing céng suw [97].

Nhu vay, trong luin 4n nay, GO dugc tong hop bing phuwong phap Hummer cai
tién co cac dic trung cdu trac phu hop véi cac cong bd nghién ctru vé GO va c6 hiéu

qua tc ché an mon dat 77,5% voi ham lwong 1 g/L trong dung dich NaCl 3,5%.

3.1.2. Hiéu qud chéng an mon ciia mang polyurethane chiva GO

3.1.2.1. Phdn tich cdu triic cia mang PU chita GO

CAu triic héa hoc ciia mang PU va cac mang PU ¢ GO vé6i ndng d6 khac nhau
duoc phén tich bang dya trén phd FT-IR (Hinh 3.5). Phd FT-IR ctia GO ¢6 cac peak tai

3401 cm™ dic trung cho dao dong cua nhém —OH, peak tai 1720 cm™ dic trung cho
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dao dong ctia nhém C=0 clia cdc nhom carbonyl, peak tai 1226 va 1052 cm™! lan luot

dugc dic trung cho vi tri dao dong ctia nhém epoxy va C-O.

GO
W

PU—(0,1% GO)

PU—(0,3% GO)

D6 truyén qua (%)

PU—(0,5% GO)

| | | | | | |

4000 3500 3000 2500 2000 1500 1000 500
S6 song (cm'!)

Hinh 3.5. Phé FT-IR ciia mang PU va cdc mang PU chira GO véi nong dé 0, 1,

0,3 va 0,5% twong ung PU—(0,1% GO), PU—(0,3% GO) va PU-(0,5% GO).

Trén pho FT-IR ciia mang PU, cac peak tai 1534 cm™' dic trung cho nhom —CN,
peak tai 1725 cm™' 13 dao dong ctia nhom —CO, peak tai 2925 cm™' va 2853 cm™! 1a dao
dong cua nhom carbohydrate, va peak tai 3399 cm™ 1a dao dong cua nhom —OH. Trén
phd FT-IR cua mang son PU chira GO c6 cac dao dong dic trung cho cac nhém chic
cua mang PU tai 3404 cm™' 1a dao dong cua nhém —OH, peak tai 1725 cm™' 1a dao dong
cua nhom —CO, peak lai 1535 cm™! 1a dao dong ctia nhom —CN, peak tai 2925 cm™' va
2853 cm™! 1a dao dong cua nhém —CH; va —CH=. Nhu vy sy ¢6 mit ctia GO khong anh

huong dén cau tric cua mang PU.
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Hinh théi cau tric cua vat liéu GO, mang PU khéng c6 GO va mang c6 GO dugc
quan sat qua hinh anh SEM (Hinh 3.6). Dua trén hinh anh SEM cho thdy mang PU
khong chira GO ¢6 cau triic min, mang PU—(0,1% GO) ¢ cac céu triic ciia GO phan tan
déu trong mang. Trong khi d6, mang PU—(0,3% GO) va PU—(0,5% GO) c6 su co cum
ctia cac 16p GO. Pic biét, mang PU—(0,5% GO) c6 cac khoang trong giita GO va nhua

nén. Cac két qua nay tuong ty voi cong bd cua Pourhashem ciing cong sy [16, 38].

PU—(0,1% GO)

x 50 000

Hinh 3.6. Hinh anh SEM tai vi tri mat gady ciia mang PU va cdc mang PU chita GO
voi nong do 0,1, 0,3 va 0,5%.

3.1.2.2. Hiéu qud chéng an mon ciia mang PU chita GO

Kha ning chdng dn mon ctua mang son dugc danh gia dya trén phd tong tré dién
héa do duoc sau cac khoang thoi gian ngdm mau mang son phu trén thép trong dung
dich NaCl 3,5%. Pho tong trd ctia cac mau sau 21 ngay ngam trong dung dich NaCl
3,5% duoc thé hién ¢ Hinh 3.7. Sau 21 ngay thir nghiém, biéu d6 Bode pho tong trd cta
mang PU—(0,1% GO) va mang PU—(0,3% GO) chi ¢ 1 hang s thdi gian, trong khi phd
ciia miu PU va PU—(0,5% GO) di c6 2 hing sb thoi gian. Gia tri tong tré ciia mang
PU—(0,1% GO) 1a cao nhét, tiép theo 1a ciia mang PU—(0,3% GO). Mang PU—(0,5%
GO) va mang PU c6 gia tri tong trd gan bang nhau va thip hon han hai miu trén. Két

qua nay cho thay véi ndng do6 GO 0,1% va 0,3% thi mang PU.
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o PU

e PU—(0,1% GO)
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Hinh 3.7. Biéu do Bode phé tong tro ciia cdc mau PU, PU—(0,1% GO),
PU—(0,3% GO) va PU—(0,5% GO) sau 21 ngay ngam trong dung dich NaCl 3,5%,
nhiét do khao sat 25 °C.

Gia tri tong trd & ving tan sd thap tai 100 mHz (Z100 mz) dugc xac dinh tir phd
téng trd va st dung dé dénh gia dinh tinh d6 bén dn mon ciia mang son [98] véi két qua
duoc thé hién & Hinh 3.8. Sau 1 gio ngam trong dung dich NaCl 3,5%, Z100 mH, clia mau
PU—(0,5% GO) thap hon cac mau con lai. Z10o m, ciia mau PU va mau PU—(0,1% GO)
gan nhau va cao hon mau PU—(0,3% GO). Z100 mu tai thoi diém 7 ngay ngdm cua cac
mau déu giam, ma Zi0o my, cia mau PU 13 giam manh nhat.

Tat ca cac mau mang duoc tiép tuc ngam trong dung dich NaCl 3,5% va dinh ky
do lai tong tré sau mdi 7 ngdy. Qua trinh khao sat két thuc sau 49 ngay va trong khoang
thoi gian d0, Z10o miz ciia cac mau thay d6i khong nhiéu. Sau 49 ngdy, Zi00 mi, clia mau
PU—(0,1% GO) vin ¢ mttc cao hon mau PU hon 10 lan, va gan bang véi Zioo mu, ctia
mau PU—(0,3 % GO). Trong khi d6, Z10 m. thap nhat 1a ciia mau PU—(0,5% GO), thap
hon ca miu PU khéng chira GO. Tur nhitng két qué trén cho thdy GO phan tan trong
mang PU v6i ham luong théap tir 0,1-0,3% s& lam ting hiéu qua chdng an mon ctia mang
PU. Véi ham luong GO 13 0,5%, hiéu qua chong dn mon cta mang giam manh. Diéu
nay dugc giai thich 1 do anh hudng ctia mutrc d6 phan tan GO trong nén PU dén cAu triic

ciia mang son, tr do anh hudng dén hi¢u qua chong an mon ciia mang son.
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Hinh 3.8. Zioomt: tai thoi gian ngam mau khdc nhau cia cdc mau PU, PU— (0,1%
GO), PU—(0,3% GO) va PU—(0,5% GO), nhiét do khao sat 25 °C.

Do bén an mon cia cac mau mang PU dugc ddnh gia bang phuong phap thir

nghiém mu mudi. Hinh anh chup bé mat cic mau sau 240 gid thir nghiém trong ti mu

muoi dugc thé hién ¢ Hinh 3.9. Panh gia d§ bén an mon va dd rop tai vung khong cod

vét rach, khong c6 an mon hay rop trén bé mat cia tat cad cac mau. Banh gia do bén an

mon cua cac 16p phu tai vét rach, mau PU bi &n mon nhi€u nhat, ké dén 1a mau PU—(0,5%

GO). So sanh cac vét an mon xay ra doc theo vét rach trén bé mat mau thi mau PU—(0,1%

GO) chi c6 mdt it cac vét an mon nhd, mau PU—(0,3% GO) c6 céc veét an mon nhiéu va

16n hon so v6i PU—(0,1% GO), tuy nhién van it hon so v&i mau PU va mau PU—(0,5%

GO). Cac két qua nay 1am sang to vai tro che chin cia GO tai vét rach va hoan toan phu

hop vai két qua do tong tro.

A

i

= —In

Hinh 3.9. Anh chup bé mdt mang son sau 240 gio thir nghiém mi mudi cia cdc
mau PU (a), PU—(0,1% GO) (b), PU—(0,3% GO) (c) va PU—(0,5% GO) (d).
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Két luan: GO duogc tong hop bing phuong phap Hummer cai tién c6 dang tdm
mong (cau tric 2D), kich thudc khoang 1-10 um, d6 day cua tdm khoang 50-100 nm.
GO ¢ ndng d6 1 g/L c6 kha niang chéng an mon thép trong dung dich NaCl 3,5% voi
hiéu suat dat 77,5%. Su c6 mit ctia GO voi ham luong thap cai thién dang ké hiéu qua
chdng dn mon cua mang PU. Hiéu qua gia cuong cua GO phu thudc vao ndng do cua

GO trong 16p phu va mang PU—(0,1% GO) c6 hiéu qua bao vé cao nhat.

3.1.3. Co ché bio vé kim logi ciia GO trong mang son
Co ché bao vé kim loai, chéng an mon cua GO da duoc nghién ctru va chirng minh
1a mot hodc nhiéu co ché khac nhau, phu thude vao dac trung cAu triic va cac bién tinh
trén cau trac GO. Mot s co ché dic trung bao gém: co ché che chin, co ché bao vé
anode, co ché bao vé cathode va mot s co ché khac van dang duoc nghién ctru. Va cac
két qua nay twong dong véi nhitng cong bd trudc diy nghién ciu st dung GO trong
mang son bao v¢ kim loai [16, 18, 38].

3.1.3.1. Co ché che chdn

Cac tim GO hoat dong nhu mot rao can vat Iy ngan chan céac loai an mon, nhu
minh hoa trong Hinh 3.10. Bé mit kim loai duoc bao vé khoi qué trinh oxy hoda trong
mdi trudng an mon 1a dung dich NaCl 3,5%. Cau tric tim mong bao gdm céc lai hoa
sp? ctia cac vong luc giac ciia GO tao ra mot rao can virng chic ngin chin sy twong tac
giira nén kim loai va dung dich dn mon. Vi vay, han ché duoc cc phan img in mon xay

ra tai bé mit tiép xuc ctia nén thép CT3 va dung dich n mon.

PU -—é%: —)

Nén thép CT3

khuéch tan

Graphene oxide

Hinh 3.10. So' d6 mé td co ché che chdn ciia vt liéu GO phan tén trong mang
son PU bao vé nén thep CT3 [38].

Mit khac, khi phén tan trong nén son PU, cac tim GO sip xép c6 hodc khong theo

thr tu déu dong vai tro gay can tré dong khuéch tdn cua moi trudng an mon. Véi nén
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son PU trang, dung dich dn mon dé dang khuéch tan len 16i qua céac 18 hong kich thuédc
vi sai, thAm thdu qua mang son dén tiép xGc v6i bé mit nén thép va tai d6 xay ra phan
rmg dn mon. Sy c6 mit cia GO di lam can trd, gia ting do dai duong khuéch tan cua
dung dich an mon, 1am cham tdc d6 an mon. Nhu vay, GO lam ting hiéu qua chong an
mon ctia cac 16p phu polymer bang cach: (1) ting tinh ky nudc cua cac 16p phu; (2) ting
tinh chat bam dinh cta cac 16p ph.

3.1.3.2. Co ché bdo vé anode va cathode

Véi mot luong nhé GO (0,1-0,3%) da cai thién dang ké hiéu qua chong dn mon
cua cac 16p phu polymer. Bén canh hiéu qua che chin, su hién dién caa mot lugng nho

GO trong nén polymer 1am ting dién tré nhiét va dién tré hoa hoc cta ching.

Dung dich NaCl 3,5%
02 Hzo Hzo

0\' j X_ :

e
er e e

Fe + e + Fe + e + Fe

Hinh 3.11. Co ché bdo vé anode va cathode cia vt liéu GO.

Céc nghién ctru dién dong lyc hoc da chirng minh GO 1a mot chét trc ché va chéng
an mon véi co ché hdn hop vi GO lam cham ca phan tng Tafel anode va cathode (Hinh
3.11). Ngoai ra, GO con dong vai trdo nhu mét 16p cach dién voi dién trd 1on, tang cuong
dién tré nhiét va dién trd suat hoa hoc ctia cac 16p phu polymer, lam han ché dong di
chuyén dién t tu do sinh ra & bé mit thép di vao moi truong an mon, nho do6 han ché
qua trinh &n mon dién hoa.

3.1.3.3. Bdo vé kim loai nho tinh dén nhiét tot

Ngoai vai tro ngan chan va han ché qué trinh an mon dién hoa xay ra, dic tinh dan
nhiét va do trong sudt ciia GO don 16p ciing gop phén ting hiéu qua chdng dn mon. Do
tinh dan nhiét cao nén cac 16p GO ciing 1a cac 16p tan nhiét, lam giam su dot néng cuc
bd ctia nén kim loai, vén 12 nguyén nhan dan dén an mon hoic oxy hoa, quan trong hon
& nhitng ving c6 nhiét do cao hon. Bén canh d6, GO cang it 16p thi cang trong sudt nén
viéc kiém tra truc quan anh hudng cia sy 4n mon kim loai ma khong can cac phuong

phép gian tiép nhu cac thir nghiém dién hoa.
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3.2. Tong hop vit liéu lai héa G—HT va G—ZnO va khao st hiéu qua chong in
mon Kkim loai

3.2.1. Khdo sdt tinh chit chong én mon ciia vt ligu lai héa G—-HT va G-ZnO bang
phuong phdp ton hao khoi lwong

Hiéu suit bao vé thép cua cac vat liéu lai hoa G-HT va G—ZnO dugc khao sat

bang phuong phép ton hao khdi lugng véi cac yéu té anh huong bao gém: thoi gian
ngam mau trong dung dich NaCl 3,5% chtra vat li¢u lai hoa, néng do vat lieu nghién ctru
va cac vat liéu nghién ciru ¢6 ti 1é tong hop khac nhau. Mau thép ngam trong dung dich
NacCl 3,5% khong chura vat liéu té)ng hop goi la Mau tréng va dugc str dung dé xéc dinh
hiéu suit chéng an mon cua cac vat liéu.

3.2.1.1. Khdo sdt thoi gian ngdm mau trong dung dich NaCl chira vt liéu lai hda

Trong ndi dung nay, vat ligu G-10HT va G—10Zn0O dugc str dung dé khao sat hiéu
qua chéng an mon thép CT3 sau cac khoang thoi gian tiép xic véi moi trudng an mon.
Hiéu suit chdng an mon cua cac vat liéu lai hoa dbi véi thép ngam trong dung dich NaCl

sau cac khoang thoi gian 1, 3, 5, 7 va 10 ngay (néng do vat liéu 1a 0,5 g/L) duoc thé hién

o Hinh 3.12.
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Hinh 3.12. Ton that khéi lwong theo thoi gian cua thép ngam trong dung dich
NaCl va dd NaCl co chL}a’G—I’OHT va G—10Zn0 nong do 0,5 g/L, khao sat o nhiét do
25 °C; hiéu suat chong an mon thép cua G—10HT va G—10Zn0O.
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Vit liéu lai hda da han ché mirc do ton that khoi lugng mau do dn mon. Mau thép
ngam trong dung dich NaCl chira G—10HT c¢6 do giam khdi lwong xap xi 50% so voi
mau thép ngim trong dd NaCl. Trong 5 ngay dau khéo sat, hiéu qua chdng dn mon ting
dan, cy thé sau 1,3 va 5 ngay hié¢u suét bao vé dat duoc tuong tng la 53,3; 54,8 va
55,5%. Khi ngam lau hon, gié tri nay co chiéu hudng gidm, cu thé hiéu suét bao vé sau
7 ngay la 48,2% va sau 10 ngay 1a 41,3%.

Tuong tir voi vat liéu G-10HT, G—10ZnO ciing han ché toc d6 dn mon thép CT3
khi ngam trong dung dich NaCl. Mau thép ngam trong dung dich NaCl chira G—10ZnO
c6 do giam khéi lugng chi bang mot nira so véi mau thép ngam trong dung dich NaCl.
Hiéu sudt chong an mon ting dan sau 1, 3 va 5 ngay tuong ung la 54,4; 56,4 va 57,8%.
Céac miu ngam ¢ thoi gian 1au hon, gia tri ndy c6 chidu hudng giam, cu thé hi¢u suat
chéng dn mon sau 7 ngay 13 53,8% va sau 10 ngay 1a 50,1%.

Két qua nghién ctru nay cho thiy vat liéu lai héa han ché mirc d6 giam khéi luong
kha tdt trong thoi gian ngdm mau ngin. Do d6, dé tai chon thoi gian 5 ngdy 13 thoi gian
ngam mau phu hop dé thyc hién cac khao sat tiép theo.

3.2.1.2. Khao sat anh huong cua lwong vat liéu lai hoa trong dung dich NaCl
Phéan tan vat liéu G—10HT va G—10ZnO trong dung dich NaCl 3,5% v&i cac néng

dd 1an luot 12 0,25; 0,5; 0,75; 1 va 1,5 g/L, sau d6 ngadm mau thép CT3 trong cac dung
dich nghién ctru nay va xac dinh d6 mit khdi lvong mau do an mon sau 5 ngay khao sat.
Két qua khao sat & Hinh 3.13 cho thiy hiéu suat chdng dn mon ting khi ting ham luong
vat liéu tir 0,25 dén 1 g/L, voi ham lugng 1,5 g/L thi gia tri nay ¢6 xu hudéng giam. Cu
thé, mau thép CT3 ngam trong dung dich NaCl chira G-10HT véi ndng d6 lan luot 0,25;
0,5;0,75; 1 va 1,5 g/L ¢6 hi¢u suét chéng an mon tuong Ung la 52,5; 55,5; 57,7; 61,4 va
60,4%. Con d6i voi dung dich NaCl chita G-10ZnO & cac ndng do6 lan luot nhur trén,
hiéu sudt chdng an mon twong tmg 13 54,0; 57,8; 62.4; 66,4 va 64,7%.

Tur két qua khao sat trén cho thdy ca G-HT va G—10ZnO phan tan trong dd NaCl
& mot ndong d6 phu hop s& cho hidu qua chdng an mon ot nhét, néu vuot qua gisi han
nay khong c6 tac dung cai thién ma nguoc lai con 1am han ché, 1am giam hiéu qua chéng
an mon. Vi vy, trong dé tai nay, néng do vat li¢u lai héa 1 g/L dugc chon st dung cho

khao sat tiép theo.
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Hinh 3.13. Anh huéng ciia nong dg vat liéu G—10HT hogc G—10ZnO dén hiéu sudt
chong an mon thép trong dung dich NaCl 3,5%, o nhiét do 25 °C trong 5 ngay.

3.2.1.3. Anh hudng cia GO trong vit liéu lai héa dén hiéu sudt chéng dn mon.

Ti 18 khéi lugng mur/mco va mzao/mco anh hudng dén tinh chat cua vat liéu lai

hoéa ciling nhu kha nang chong an mon. Bé khao sat kha nang chong an mon thép, cac

mau vat liéu lai hoa téng hop trén duge phan tan trong dung dich NaCl véi néng do 1

g/L. Mot loat cac mau thép duoc ngdm trong cac dung dich nghién ctru nay & nhiét do

25 °C, trong thoi gian 5 ngdy. Sau d6, cac mau thép dugc thu hdi, rira dé loai cac san

pham qua trinh an mon, trang bang nudc cat, acetone, cuodi cung say kho va can lai mau,

ghi nhin két qua hiéu sut chdng dn mon nhu & Hinh 3.14 va Hinh 3.15.
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Hinh 3.14. Anh hwong cua ti 1é mur/mco dén hiéu sudt chéng an mon cua vat liéu
G—HT, nong do 1 g/L, khao sat o nhiét do 25 °C.
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Két qua tir d6 thi Hinh 3.14 cho thiy, hiéu suat chong dn mon ciia GO tét hon so
v6i ca HT va ZnO. Khi két hop HT hodc ZnO véi GO tao vat liéu lai hoa G-HT va
G—ZnO, di 1am thay d6i hiéu suat chong dn mon. Hiéu suat chéng an mon cuia G-2HT
thip hon nhiéu so v6i GO, do HT lién két trén bé mit GO lam suy giam tinh chat hip

phu cta GO, nén cling lam giam mat d céc tam GO hép phu trén bé mit mau thép.
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Vit liéu G—ZnO phan tin trong dd NaCl 3,5% nong do 1 g/L

Hinh 3.15. Anh hwong CZ:ZCZ 1 18 mzno/mao dén hiéu sudt chéng an mon cua vat
lieu G—Zn0O, nong do 1 g/L, khao sat o nhiét do 25 °C.

Tuy nhién khi ham luong HT cang cao, hiéu qua chéng an mon dugc cai thién nho
co ché chéng an mon cua HT bao gdm co ché che chin va co ché trao d6i hip phu ion
CI™ vao céu trac 16p kép [51]. Cu thé khi ngdm cac mau thép trong cac dung dich NaCl
¢6 chira G-2HT, G-5HT, G—-10HT va G—20HT, hiéu suit chdng dn mon lan luot 1a
52,7; 56,3; 64,2 va 68,6%. Nhung véi dd G-30HT, hiéu suit chdng an mon giam chi
con 61,4%.

Tuong tu, vo1 G—2Zn0, hi¢u qua chéng an mon chi dat 58,6%. Vit liéu c6 thanh
phan ZnO cao hon c6 hi¢u suat chong an mon cao hon nhd co ché bao vé cathode cua
ZnO, cu thé khi ngdm cac mau thép trong cac dung dich NaCl chira 1 g/L cac vat liéu
G—2Zn0, G—5Zn0, G—-10ZnO0 va G-20ZnO0, hiéu suat chéng in mon 1a 58,6; 61,9; 68,2
va 69,7%. Tuy nhién, vdi G—30ZnO, hiéu qua chéng an mon giam chi con 66,4%.

Két luin: Tir nhimg két qua nghién ctru trén cho thiy, véi ti 1 myr/meo hodc
mzao/mco 14 20/1 thi ca hai nhém vat lidu lai hoa déu c6 hiéu qua chéng dn mon t6t nhat

trong nhom vt li¢u lai hoa. Cac dac trung c4u trac, tinh chat cia G-20HT va G—20ZnO
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s& dugc phan tich, tinh chat chéng dn mon ciia vat lidu nay ciing dugc nghién ciru bang
phuong phéap dién hoa phan cuc thé dong.
3.2.2. Pdc trung cdu tritc va tinh chét héa hoc ciia vt liéu G—-HT va G—ZnO

3.2.2.1. Phdn tich twong tdc héa hoc cua vit liéu lai héa bang phé FT—IR

Tuong tac gitra GO va HT, giita GO va ZnO duoc khao sat bang phuong phap
quang phd hong ngoai FT-IR. Nhu d3 phan tich & muc 3.1.1.1, phd FT-IR ctia GO c6
céc dinh hip thu manh tai 3410, 1731 va 1630 cm™" twong Gmg véi lién két —O—H, —-C=0
trong nhém —C—OH, ~COOH va lién két -C=C—/—C—C— trong vong thom. Pinh hip
thu tai 1396 cm™! dic trung cho dao dong kéo cang nhom epoxy C—O—C va alkoxy C—O.
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Hinh 3 16. Phé FT—IR cua vit liéu Gp tong hop theo phwong ph{ip Hummer cdi
tien (a), G-20HT (b) va HT (c) tong hop ban phwong phap dong ket tua.
Trong ph6 FT-IR cta HT va G-HT tong hop duoc ¢ Hinh 3.16, viing hong ngoai
4000—1800 cm™' 1a ving dao dong gian dai cia lién két —OH trong cac nhém hydroxyl
& phan tr nude hap phy, lién két —OH trong cdu trac cua HT va trong nhom carboxyl
(3422 cm™) trén mang ludi GO. Dic trung ciia HT duoc thé hién qua dao dong ctiia phan
tir nudc H2O 12 peak tai 1640 cm™!, céac peak tai 616 va 429 cm™! ddc trung cho dao dong
kéo cing cia lién két kim loai twong tmg Zn—O va Al-O [48]. Ngoai ra, cic peak tai

1382 va 783 cm! la dic trung cho cac dao ddng cua nhom nitrate (—-N—O).
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Phd FT-IR cua G—20HT c¢6 céc dao dong dac trung cua GO dich chuyén vé vung
tir ngoai voi budc dich chuyén nhd. Cac dao dong dic trung cua vat liéu lai hdéa G-HT
duoc thong ké cu thé tai Bang 3.3. Cuong d6 dao dong tai 1064 cm™" giam do lién két
alkoxy gian dai, dong thoi cac dao dong kéo cang C=0 va C—O hoan toan bién mét. So
v6i phd ciia HT, peak tai 1622 cm™ trén phd ciia G-HT c6 cuong do ting khi ting GO.
Bén canh d6, van c6 mat cac dao dong cua lién két kim loai Zn—0O va Al-O thé hién qua
peak dao dong tai budc song twong tng 616 va 429 cm™!. Két qua phan tich cho thay
GO véi ciu triic tAm c6 lién két tot v6i cac vay HT tao ciu triic lai hda G—HT. Cau tric
lién két nay lam giam do6 linh dong cua cac nhém chire trén bé mit GO va két qua 1a cac
peak hap phu trén phd IR dich chuyén vé phia budc séng ngan hodc bién mat. Két qua
nay pht hop véi cong bd cia W.Yang cing cong sy va P.Lu cling cong su [53, 54].

Hinh 3.17. Phé FT—IR cua vat li¢u tong hop GO (a) tong hop theo phiwrong phdp
Hummer cdi tién, G—20ZnO (b) va ZnO (c) tong hop theo phiong phdp két tia.

Tuong ty, trong tic gitta GO va ZnO dugc khao sat bang phuong phap quang phd
hdng ngoai bién doi Fourier (FT-IR) va phd d6 thé hién ¢ Hinh 3.17. Phé FT-IR cua
cac vat liéu G—ZnO c¢b dﬁy du cac dao dong dac trung cua GO, d@)ng thoi co peak rong
tai ving 481 cm™!, 1 dao dong dic trung cua lién két Zn—O. Cac dao dong nay cho thiy
O trén bé mit GO thudc cac nhom carbonyl va epoxy [53, 54, 75]. Vung hép thu tai
3345 cm™! 1a dao dong kéo cing ciia nhom OH trén bé mit GO va phan tir nudc hip phu
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trén GO. V6i pho cua vat lisu G—ZnO, cudng d6 peak ciia nhom OH va epoxy giam
dang ké do tuwong tac gitta GO va ZnO. Céc phd cua tat ca G—ZnO déu c6 peak manh &
budc song 417 cm™, 1a dao dong kéo cang lién két Zn—0. Két qua nay phu hop véi két
qua ctia N. H. Othman cing cong su nghién ctru tong hop vat liéu lai héa G—ZnO va sir
dung trong son epoxy [76].

Bang 3.3. Dac trung dao dong héng ngoai FT—IR cua vdt lieu G-20HT va
G—-20Zn0O tong hop.

Vatlieu  Dao dong Nhom chire Pac trung [53, 54, 75]
3500—3000 —OH H.O trong ciu triic
—OH cua - , e A
3422 COOH Nhom chire trén bé mat GO [53]
G-20HT 1730 —-C=0 Nhoém chie —~COOH [53]
1630 —-C=C- Vong thom mang ludi graphene [53, 54]
616 Zn—0 Lién két kim loai M—O—M va M—O
429 Al—0O cua HT
—OH cua , A A«
3345 _COOH Nhom chire trén bé mat GO [75]
1624 C=0 Nhém chire trén bé mit GO [75]
G-20Zn0 1400 -C=C- Vong thom mang ludi graphene
570 Zn-O-Zn  Lién két kim losi M—O—M
432 Zn-0 Lién két kim loai M—O

3.2.2.2. Quan sat hinh thdi cdu tric vdt liéu lai héa bang hinh anh SEM

Hinh thai ciu tric cua vat liéu GO, G—20HT va G—20ZnO tong hop duoc quan sat
bang kinh hién vi dién tir quét SEM cho hinh anh nhu & Hinh 3.18. Vat liéu G—20HT la
dang tAm c6 cac tinh thé vay phan bd trén bé mit GO véi mat do day. Hinh anh quan sat
qua kinh hién vi x4c minh s hinh thanh céu truc lién két gitta HT va GO tao vét liéu lai
hoa co mat do 16 Xép cao. Bén canh d0, hinh thai cia G-20ZnO gém cac cAu tric vay
tron ndy gan trén bé mit GO véi mat do 16n. Nhu vay, HT va ZnO gitip 6n dinh ciu tric
tam GO khong bi két tu lai, phu hop véi két qua XRD cua cac vat liéu lai hoa nay voi
két qua phan tich dudi day.
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Hinh 3.18. Hinh SEM ciia vt liéu tong hop GO (a,b), G-20HT (c,d) va
G-20Zn0 (e,f) 0 do phong dai x5000 va x20000.

3.2.2.3. Phdn tich cdu tric G=HT va G—ZnO bang nhiéu xa tia X

bac trung cAu triic cua vat lieu GO, HT va G-HT dugc phan tich trén gian dd
nhiéu xa tia X tai Hinh 3.19. GO c6 peak nhiéu xa nhon tai 10° dic trung nhiéu xa mit
phang (100), 1a mit phang GO c¢6 cau trac 2D; peak nhiéu xa rong tir 11-17° 13 nhidu
xa cua vat liéu vo dinh hinh; déng thoi ving nhiéu xa goc nho tai 2—5° cho théy GO co
kich thude vat liéu nano, do GO ¢6 céu tric tim mong, bé day cac tam GO dat duoc
kich thudc nano.

Két qua & Bang 3.4 trinh bay thtr tw cac mit nhiéu xa, dic trung ciia HT c6 nhiéu

xa tai 60 va 62° tuong tng véi 2 mat phang 16p kép (110) va (113). G=20HT c¢6 tht ty
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nhiéu xa phu hop voi nhiéu xa cua vt liéu HT, dinh nhiéu xa dau tién tai 20 = 11°, cho
thdy cac tinh thé HT c6 dinh va phat trién trén tim GO. Pong thoi, HT trén bé mit cac

tam GO c6 kich thuée 16n hon s& c6 nhiéu xa trung véi nhidu xa mit (100) caa GO [50].

Hinh 3.19. Gian a”’o”‘ nhiéu xa tia X cua vat lieu HT (a), G-20HT (b) tong hop theo
phwong phap dong ket tua va GO (c) tong hop theo phwong phap Hummer cdi tién.

Bang 3.4. Pac trung nhiéu xa tia X céu triic vat liéu lai hoa G-HT

Goc nhiéu xa 20 (°)

Vat liéu
(003) (006) (009) (110) (113)
HT 11 24 35 60 62
G—20HT 11 23 35 60 62

Gian d6 XRD cua ZnO, GO va vét liéu lai héa G—ZnO & Hinh 3.20 cho théy,
G—ZnO c6 céu tric tinh thé ciia ZnO do thanh phan ZnO gin trén bé mat tim GO. Thi
ty nhiéu xa dic trung cho c4u tric cua ZnO dugc trinh bay ¢ Bang 3.5 cu thé nhu sau,
tai 32, 35, 37, 48, 57, 63, 68 va 69° tuong tmg v4i cac mit phang nhidu xa (100), (002),
(101), (102), (110), (103), (112) va (201) (JCPDS s6 36—1451) [99]. Gian d6 XRD ctia
cac vat liéu G—ZnO thé hién du nhiéu xa cac mat phéng dac trung cua vat liéu ZnO. Bén

canh xuat hién ving nhiéu xa v6 dinh hinh tai goc 5° dic trung cho cau tric vo dinh
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hinh ctia GO, nhidu xa miat (001) ctia GO d3 bién mat, cho thdy ZnO gan trén bé mit
16p GO, lam pha lién két va tach cac 16p GO.
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Hinh 3.20. Gian d6 XRD ciia vat lieu ZnO (a), G—20Zn0 (b) tong hop theo
phwrong phap két tia va GO (c) tong hop theo phirong phdp Hummer cdi tién.

Bdng 3.5. Pdc tring nhiéu xa tia X cdu tric vt liéu lai héa G-ZnO

Goéc nhiéu xa 26 (°)

Vatl
G 00 don ey o) (09 (1) Q0D

Zn0O 32 35 37 48 57 63 68 69

G—-20ZnO 32 35 37 47 56 63 67 69

Vit liéu G-ZnO c6 nhiéu xa dic trung hoan toan ciia ZnO cho théy cAu tric cla
G—ZnO duoc hinh thanh bdi cac phﬁn ttr ZnO lién két trén bé mit thm GO. Nhiéu xa
cta céc tinh thé ZnO cho cuong do manh hon rat nhiéu so v&i nhiu xa dic trung cho
cAu trac 2D cta GO. Mau G—20ZnO c¢6 céac nhiéu xa tia X & g6c 20 nhé hon, do kich
thudce tinh thé 16n hon gitp cac tim GO khong bi két ty lai, tang dién tich bé mat tiép
xuc, 1a diéu kién thich hop cho tmg dung khang an mon [54, 56].
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3.2.2.4. Phdn tich lién két gitta GO va HT, ZnO bang phé Raman

Phé Raman ciia GO (Hinh 3.21) cho thiy c6 2 dinh nhon vé6i cudng do manh &
1346, 1588 cm™! va 1 dinh c6 cudng do rat yéu ¢ 2700 cm™' duoc dic trung tuong tng
cho dinh D, dinh G, va dinh 2D. Pinh G yéu hon dinh D vi phan tng oxy héa gin cac
nhom chirc phan cyc trén bé mat GO tir cac lién két ban dau trong mang tinh thé graphite
lam tang s luong lién két C—sp? so véi lién két C — sp2. Ty s6 cuong do twong dbi cua

dinh D véi dinh G 14 In/Ig = 1,04 cho thiy graphite dugc oxy hoa thanh GO [50].

Hinh 3.21. Phé Raman cua vit liéu tong hop G-20Zn0 (a), G-20HT (b) va GO (c).

Pho Raman ctia miu G—HT thé hién 1 dinh D va dinh G 1an lugt & 1361 va 1596
cm!. Ty 1é cudng d6 twong ddi cua hai dinh nay ting 1én, cu thé 1a In/Ig = 1,30 1a két
qua cua viée giam kich thude lién két sp? trong cdu tric ciia GO. Tir d6 hinh thanh cac
khuyét tat ciu tric trong mang GO ciing nhu phan Gng khtr cac nhom O trong céu tric
GO [50]. Ngoai ra, vat licu G—HT cling c6 cac dac trung cua vat liéu HT trong vung 582
cm™! va ving 10921116 cm™. Cac két qua phd Raman nay phu hop voi cac két qua
duoc cong bd cua Xiaohu Luo [57] va Ningning Hong [55].

Trong khi d6, phé Raman ctia mdu G—ZnO thé hién rd dic trung ciia GO (2 dinh
D va G) lan luot tai 1346, 1596 cm™! va dic trung ciia ZnO tai 329 va 438 cm™! [77]. Ca
hai dinh D va G déu c6 cuong do manh va ty I¢ In/Ic = 1,13. Ty I¢ Ip/Ig cta vat li¢u lai
hoéa ZnO—GO cao hon so véi ty 1& nay ciia GO 1a do lién két giita GO v6i ZnO, néu gia

tri ty 1€ nay thép cho théy sy hién dién cua céac l6p GO nhiéu chiém vu thé hon.
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3.2.3. Nghién civu tinh chét chong dn mon ciia vt liéu G—-HT va G—ZnO

Kha ning chong an mon thép CT3 trong dung dich NaCl 3,5% cua cac vat liéu
GO, G-20HT va G—20ZnO duoc nghién ctiru bang phuwong phap do duong phan cuc thé
dong cua dién cuc thép trong dung dich NaCl c6 mat cac vat li€u trén véi né)ng do 1 g/L.
Duong cong phan cuc thé dong cua thép sau 2 gid ngam trong cac dung dich nghién ctru
duoc thé hién ¢ Hinh 3.22. Cac thong sb dién hoa xac dinh bang phuong phap ngoai suy
Tafel bao gdm dién thé an mon (Ecorn), mat d6 dong dién dn mon (icor) va hé s goc Tafel
nhéanh cathode va anode (B¢ va Ba) dugc trinh bay ¢ Bang 3.6.

Két qua Hinh 3.22 cho thiy duong phan cyc thé dong cua thép trong cac dung dich
nghién ctru c6 mat cac vat liéu voi cung nf‘mg do so véi trong mau tréng déu c6 su dich
chuyén sang ving mat do dong thap va dién thé duong hon. Theo O. L. Rigg, Jr, chat
{rc ché duoc chia thanh 3 loai theo sy dich chuyén ctia thé dn mon 1a loai anode, loai
cathode va loai hdn hop [100]. Néu chénh 1éch Ecor do duoc khi c6 mit cac vat liéu
nghién ctru hodc chét e ché so véi Ecorr do trong dung dich an mon thap hon 85 mV thi
chat &rc ché thudc nhom hdn hop. Nhu vay, tir két qua Hinh 3.22 va Bang 3.6 cho thiy
duong phan cuc cua thép trong dung dich NaCl ¢6 mat GO, HT va ZnO c6 Ecor dich
chuyén khong dang ké so véi trong mau tring. Chénh 1éch cta Ecor do dugc & thép trong
dung dich NaCl c6 mat GO, HT va ZnO lan luot 14 —740; —749 va —748 mV ag/agciKcl
so voi mau trang (Eor = =802 mV ag/agciker) déu nhé hon 85 mV, nén GO, HT va ZnO
déu 1a chat e ché an mon hén hop. Trong khi d6, Ecor ctia thép trong dung dich NaCl
chita G-20HT va G—20ZnO c6 mirc d dich chuyén kha 16n, gia tri 1an luot 1a —496 va
—658 mV agagcykcl. Mite dich chuyén so véi Elor trén 85 mV, do d6 G-20HT va
G-20Zn0 hoat dong véi vai tro la chét trc ché anode.

Hé s6 goc Pe va . tinh tir duong phéan cuc thay doi voi muie d6 khac nhau khi co
mit cac vat lidu trong dung dich NaCl. Theo Sudhish Kumar Shukla, hé sé B thay doi
cho thay anh huong ciia chét trc ché dén dong hoc ciia phan tng thoat H,. Gia tri B, thay
d6i c6 thé do phan tmg hap phu phén tir chit e ché hodc ion CI trén bé mit kim loai
[101]. Két qua ngoai suy Tafel & Bang 3.6 cho thiy, dudng phin cuc cia thép trong
dung dich NaCl ¢c6 mit GO va ZnO c6 hé s . va Ba giam trong khoang 20-30 mV/Dec.
Piéu nay cho thdy GO va ZnO c6 tac dong dén phan Gng tai ca hai ving cathode va

anode voi mic d§ nhu nhau. Do d6, GO va ZnO hoat dong nhu chét (rc ché hon hop,
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nghia 1a GO va ZnO vira hap phu trén bé mit kim loai, tao 16p mang bao vé anode khong

hoa tan vao dung dich dién li, vira kiém soat duoc phan Gng sinh Hy ¢ cathode [101].
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Hinh 3.22. Puwong phdn cuc thé dong cia dién cyc thép CT3 trong dung dich NaCl
3,5% khi khong co mat va co mat GO (b), ZnO (c), G-20Zn0O (d), HT (e) va G-20HT
(f); thoi gian khao sat 2 gio, nhiét do 25 °C.

Trong khi d6, hé sé Tafel do trong dung dich NaCl c6 mat HT, G-20HT va
G—-20ZnO thay d6i rat nhiéu, véi B x4c dinh dugc 1an luot 14 112, 93 va 120 mV/Dec,
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tic 1a giam mot nira so v6i trong dung dich NaCl. Trong khi d6, hé s6 . cta ca 3 miu
déu tang. Két qua nay duoc giai thich boi HT, G-20HT va G—20ZnO hap phu trén bé
mat kim loai tao 16p bao vé, tai day 1p vt liéu nay dong thoi hip phu CI trong dung
dich va ngin ion CI™ tiép xtic bé mit kim loai [51]. Nhu vay, trong dung dich NaCl thi
HT, G-20HT va G—20ZnO 1a chat trc ché anode [76, 102, 103].

Bdng 3.6. Théng s6 dién héa xdc dinh bang ngoai suy Tafel dwong phdn cuc thé dong

do trén dién cuc thép CT3 sau 2 gio ngam trong dung dich NaCl khong co/co vat liéu
GO, G-20HT va G-20Zn0O nong do 1 g/L; nhiét do khao sat 25 °C.

Vit lidu Ecorr 1corr Ba _Bc H

MV Ag/AgCIKCI pA/cm? mV/Dec mV/Dec %

Maiu trang —802 27,71 £ 0,0385 204 120 -
GO =740 6,24 +0,0145 180 109 77,48
HT —744 13,92 £0,1385 112 158 49,77
G-20HT -496 7,77 = 0,0635 93 243 71,96
Zn0O —748 14,11 +£0,0125 187 109 49,08
G-20ZnO —658 6,71 £0,0105 120 143 75,78

Két qua ¢ Bang 3.6 ciing cho thdy, khi c6 mit cac vat liéu GO, HT, G-20HT, ZnO
va G—-20Zn0O, mat do dong giam dang ké. Cu thé, mat do dong an mon do trén mau tréng
(dung dich NaCl 3,5% khong chira vat liéu nghién ctru) 14 %o = 27,7 pA/cm?, mat do
dong an mon trén thép khi c6 mat GO, HT, G-20HT, ZnO va G-20ZnO lan luot 1a 6,24;
13,92; 7,77; 14,11 va 6,71 pA/cm?. Dya trén gia tri icorr Xac dinh duoc hiéu suét chéng
an mon thép ciia GO, G-20HT va G-20ZnO lan luot 1a 77,48; 71,96 va 75,78%. Nhanh
anode cua cac dudng cong phan cuc cua dién cuc sau khi dugc ngam trong dung dich
NaCl c6 GO, G-20HT va G—20ZnO déu thap hon so véi sau khi ngdm trong miu tring,
cho thdy cac vt liéu nay bao vé thép CT3 theo co ché e ché anode [102—104].

Két luan: Mat d6 dong an mon icor ctia dién cuc thép trong dung dich NaCl chta
G—20HT cao hon so v6i GO, hiéu suit chéng dan mon thip hon, tuy nhién Ecor dich
chuyén vé thé duong hon 1a —496 mVagaecrkcr. Trong khi d6, Ecorr ciia dién cuc thép
trong dung dich NaCl c6 vat licu G-20ZnO cao hon so vo1 GO va icorr thép hon so voi

G—20HT nén cho hiéu qua chéng dn mon cao hon nhung khong dang ké. Dé nghién ctru
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hiéu qua chong an mon cia cac composite voi polyaniline, dé tai sit dung G-20HT va

G—20ZnO cho nghién ctru tiép theo téng hop composite v6i polyaniline.

3.2.4. Co ché bdo vé thép ciia vit liéu lai héa trong dung dich NaCl
Co ché bao vé kim loai cua vat liéu lai hoa G-HT la sy két hop giita co ché che
chan ciia GO va co ché trao d6i anion, bay cac ion CI™ 1a nguyén nhan chil yéu dé phan
{rmg 3n mon xay ra trong dung dich NaCl [54, 56]. Nhu viy, G-HT chdng dn mon kim
loai trong dd NaCl theo hai co ché chinh 14 co ché che chin va co ché trao d6i anion.

3.2.4.1. Co ché chong ian mon thép ciia G—HT trong dung dich NaCl

a. Co ché che chdn

Vit lidu lai hoa G-HT chéng dn mon tai bé mat kim loai trong méi trudng an mon
1a dung dich NaCl theo co ché che chan nho tinh chat hip phy cia G-HT 1én trén bé
mat thép CT3. Néu nhu GO duoc khir hoan toan, thu duge san phém rGO co6 dac tinh
tro bé mat, kho hoa tan trong nude va phan 16n cac dung moi thong dung, déng thoi dé
két tu va kho bam dinh trén bé mit kim loai. So v6i rGO thi vat liéu G-HT véi cac phan
ttr hydrotalcite gan trén cac tim GO lai c¢6 tinh hap phu tdt trén bé mat kim loai [54, 56].
Nhu mé phong co ché & Hinh 3.23(a), G-HT trén bé mit thép CT3 tao thanh mot 16p
bao vé, ngan chin su tiép xuc cla cac tac nhan gay dn mon (nhu H.0, Oz va CI") d6i véi

bé mit thép lam xay ra phan Gmg dn mon trén bé mit thép.

: 0,
(a) Dung dich NaCl 3,5% }

. 0, H,0 Cr o
Q\\:’) 2 Hég 2 ¥

Hinh 3.23.Co ché bao vé dién cuc thep CT3 cua vat liéu lai hoa G-HT.

b. Co ché trao doi anion

Vat liéu lai hoa G-HT ¢ tinh chat dic trung trao ddi anion rat tot va dat hiéu qua
tot hon so véi hydrotalcite voi két qua da duoc ching minh & nhiéu cong bd nghién ctru
vé hap phu anion trén chat mang hydrotalcite nay [44—46]. Theo do6, trong dung dich
NaCl, G-HT s& hap phu anion CI va giit lai trong cdu trac nhu thé hién & Hinh 3.23(b),
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lam gidm tde do hoa tan kim loai Fe vao trong dd an mon. Quad trinh nay dugc thé hién

qua chuoi phan tng sau:

NOs(G-HT) + CI' — CI' (G-HT) + NOs- (70)

Fe — Fe* + 2¢ (71)

0 + %0 + 2e — 20H (72)

2Fe* + 20H + 2NO; — 2NO + Fe;03 + Ha0 (73)

Két qua ctia chudi phan tng trén, ngoai 16p mang G—HT tao thanh trén bé mit dién
cuc thép CT3, qua trinh phan Gng dién hoa da hinh thanh mot 16p mang oxide sét Fe,0s
trén bé mat dién cuc duge goi la 16p thy dong bé mat, ngan chan sy tiép xuc cua dién
cuc v&i moi truong ngoai. Do d6 ma G-HT da cai thién dugc hiéu qua bao vé thép CT3
hon so vé1 GO.

3.2.4.2. Co ché chbng ian mon thép ciia G—ZnO trong dung dich NaCl

Vat liéu G—ZnO c¢6 vai tro bao vé dién cuc thép CT3 chu yéu theo co ché che chin
nhd tinh ky nuée cua thanh phan ZnO [76]. Twong tu v6i vat liéu lai héa G-20HT, G—
20ZnO cai thién kha ning phén tan cua rGO trong dung dich NaCl do c4u trac gdm cac
phan tir ZnO gin két trén bé mit tim GO (Hinh 3.24). Khi ngdm dién cuc thép CT3
trong dd G-20Zn0O, sau mot thoi gian, G-20ZnO hép phu vat ly trén bé mat dién cuc,
hinh thanh 16p mang vat 1y che chén, ngin dugc cac tac nhan gdy dn mon tiép xuc cua
dén bé mit dién cuc. Mit khac, ZnO c6 tinh ky nudc cao nén do bén cua mang cling nhu
kha nang che chin cua mang G-ZnO duoc cai thién ro rét hon so voi1 mang GO, hinh
thanh 16p mang cach dién tot hon, mat do dong an mon icorr dién cuc thu duge nho vay

cling nho hon so voi1 GO va G-20HT.

; b
(@)  Dung dich NaCl 3,5% Gzno | (b)
\ 0 H,0 H Cr o, ; : : .@

e e o

e
Fe + e + Fe + e + Fe |

Hinh 3.24. Co ché bdo vé dién cuc thép CT3 cua vat liéu lai hoa G—ZnO.

Tuy nhién, theo két qua phan tich dién hoa cho thiy, mic du theo 1y thuyét va mot
s6 cong trinh nghién ctru d3 chirmg minh G-ZnO va ZnO bao vé thép theo nhiéu co ché

khac nhau, bao gdm céa kha niang chéng UV, ting tinh tham wdt. Nhung khi phan tan



91

trong dung dich NaCl, G-20ZnO thé hién kha nang bao vé bé mat dién cuc thép CT3
chi theo co ché che chén, ngoai ra chwa thé hién dugc co ché chdng in mon bang nhiing
phan tng hoa hoc véi cac yéu té gay dn mon. Vi vdy ma Ecor ctia dién cuc thép CT3 khi
ngam trong dung dich NaCl c6 G—20Zn0O (—658 mV agagcrkcl) du ¢6 dich chuyén duong
hon so voi trong Eorr (802 mV agagciker) va ca khi cd GO (=740 mV agagcikct), nhung
van thap hon so v6i Ecor vOi vat liéu G-20HT (—496 mV agagcrkcr). Piéu nay cho thay,

G—20ZnO c6 hiéu qua bao v¢ kim loai tdt nhung chua hi¢u qua so véi G-20HT.

3.3. Tong hop composite G-HT/PAN va G—ZnO/PAN va khio sat tinh chit chong
an mon thép trong dung dich NaCl

Trong tng dung chéng an mon, polyaniline duoc sir dung lam chét (rc ché an mon
hodc 1am 16p phu bao vé tryc tiép. Trén cAu trac mach phén ti polyaniline c6 cac nhom
chtirc C=N nén polyaniline dé dang hép phu duogc trén bé mit kim loai. Polyaniline hoa
tan dugc hap thy trén kim loai han ché phan ng & anode hodc cathode [89]. Trong nhiéu
truong hop, polyaniline duoc sir dung lam 16p phu bao vé, khi d6 polyaniline lang dong
dién hoa bao vé thép theo co ché bao vé anode, polyaniline da dugc nghién ctru dé bao

vé thép khong gi, sat, thép, dong, nhom va kém [81].

3.3.1. Téng hop composite G-HT/Polyaniline (G-HT/PAN)

3.3.1.1. Anh hudng ciia néng do acid tartaric dén hiéu sudt téng hop G—HT/PAN

Nong d6 acid tartaric ¢6 anh huéng dén luong composite G-HT/PAN thu duoc
v6i két qua duge thé hién & Bang 3.7. Theo d6, khdi lugng composite thu dugc ting ti
1€ thuan véi néng do acid tang dan tir 0,025; 0,05 va 0,1 M tuong Ung mc-ut/raN thu

duoc 12 0,923; 0,994 va 1,172 g.

Badng 3.7. Anh hwéng ciia nong dé acid tartaric dén hiéu sudt phan img.

MG-HT: MpAN = 1:2, naps/Maniline = Y, nhiét do 4 °C, thoi gian 8 gio

Cra (M) mg-ur (g) Maniline () mG-HT/PAN (g)

2,5TA-G-HT/PAN 0,025 0,5 0,5 0,923 £ 0,021
5TA-G-HT/PAN 0,050 0,5 0,5 0,994 £ 0,008
10TA-G-HT/PAN 0,100 0,5 0,5 1,172 £ 0,011

25TA-G-HT/PAN 0,250 0,5 0,5 1,136 £ 0,013
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Voi n6ng d6 acid tartaric 0,25 M, mg-urpan thu dugce chi 1,136 g, do néng do acid
cao, phan tir acid tartaric cong kénh gay can tré khong gian, polyaniline hinh thanh cac
oligomer sém va sy ndi mach tao cac polymer mach dai khé khin hon. Ddng thoi, phan
g & diéu kién nay khong 6n dinh, khdi lugng san pham thu duoc sau phan tng cé sai
sb cao hon hén so véi cac diéu kién phan ing con lai. Vi vay, n6ng d6 acid tartaric duoc
str dung cho nhiing khao sat tiép theo 13 0,1 M.

3.3.1.2. Anh_hweong cia ti 16 m-nur/mpan dén cdu triic héa hoc ciia_composite

G—HT/PAN va tinh chit chéng dn mon

Phé hong ngoai cua vat liéu G-HT, polyaniline va cac composite G-HT/PAN v&i
cac ti 1& khéi lwong me nr/mpan khac nhau duge thé hién ¢ Hinh 3.25. G-HT c6 peak
hép thu dai rong, manh ¢ 3390 cm™' 1a dao dong gidn dai cua lién két kim loai —OH va
16p xen giira lién két hydro H>O bao quanh anion xen k&. Dai hap thu yéu ¢ 1573 cm™
1a dao dong uén H-O-H ciia cac phan tir nude xen k& Céac dinh cudng do cao & 1361
va 775 cm™' 1a do dao dong kéo gian khong dbi xing cua lién két C—O. Cac peak hép
thu & budc séng thip 400-700 cm™' dic trung cho cac dao dong cua kim loai bao gdm

M-O, O-M-0O va M-O-M cua G-HT [50, 103].

Hinh 3.25. Phé FT-IR ciia vit liéu polyaniline tong hop (a), G-HT/IPAN (b),
G-HT/2PAN (c), va G-HT (d).
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Polyaniline c6 cac peak ddc trung & 1515 va 1481 cm™' 1a cac bién dang gian dai
cua vong benzenoid va quinoid. Ngoai ra, cac peak & 1296, 1116 va 798 cm™ tuwong Ung
v6i dao dong kéo cang C-N, C—H thom trong mit phang va dao dong ubn cong ngoai

mat phang ctia vong benzene [85].

Bang 3.8. Cdc dao ddng hong ngoai ddc trung ciia G-HT, G-HT/PAN va PAN

Polyanili
G-HT[50] G-HT/IPAN G-HT/2PAN O Yonine

Nhom chue dac trung [85]

S6 séng dao dong (nm™)

N-H trén mach PAN - 3405 3394 3261
C=N Quinoid - 1556 1575 1583
C=C Benzenoid — 1458 1498 1494
Q/B - 0,96 0,94 0,75
C—N trén mach PAN - 1280 1286 1296
C=0 mach GO 1624 1575 1575 —
Zn—0-Zn 570 735 736 -
Zn—0 432 487 487 -

Vi vat liéu G-HT/PAN, peak dic trung cua polyaniline dich chuyén vé ving hong
ngoai tai 1578 va 1458-1490 cm™. Diéu nay cho thdy HT lién két trén bé mat
polyaniline, kéo dan lién két vong benzenoid va quinoid, ning luong dao dong cua cac
lién két nay ting.

3.3.1.3. Khdo sdt tinh chét chong dn mon thép cia composite G—HT/PAN bang

phwrong phdp téon hao khéi lirong

Hiéu suit chéng an mon cua composite G-HT/PAN ¢6 mg-nr/mpan khac nhau &
Hinh 3.26 cho thay, composite G-HT/PAN cai thién tinh chat chéng an mon thép trong
dung dich NaCl, khi ham lugng polyaniline trong composite ting thi hiéu qua chong an
mon tang. Cu thé hiéu suét chéng an mon thép cua G—HT/0,25PAN, G—HT/0,5PAN,
G—HT/1PAN va G—HT/2PAN trong dung dich NaCl lan luot 14 67,6; 74,5; 87,5 va
91,4%. Tuy nhién, G-HT/SPAN c6 ham lugng polyaniline cao hon lai c6 hi¢u qua
chéng an mon gidm di va chi dat 80,3%. So v&1 GO, vat licu G-HT/1PAN va
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G—HT/2PAN c¢6 hiéu qua chéng an mon cao hon. Nhu vy, composite G-HT/PAN
chdng an mon t6t hon so véi ca polyaniline va G—HT, diéu ndy ching t6 ngoai tinh cht
chdng an mon theo co ché riéng ctia mdi vat liéu, G-HT/PAN s& chdng dn mon theo co

ché hon hop dé dat hiéu qua t6t hon.
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Vit liéu G-HT/PAN phan tn trong dung dich NaCl 3,5% ndng d6 1 g/L

Hinh 3.26. Hiéu sudt chong an mon cua cac composite G—HT/PAN voi ti I¢
mc-ur/mpan khac nhau, nong do 1 g/L, khao sat o 25 °C trong 5 ngay.

Két ludn: Qua phwong phap thir nghiém ton hao khéi lwong do dn mon,
G—HT/1PAN va G-HT/2PAN thé hién hiéu qua chdng dn mon cao. Pic trung cau triic
va tinh chat hoa hoc cling nhu tinh chdng dn mon phan tich bang phuwong phap dién hoa
s& duogc thé hién & muc sau.

3.3.1.4. Phdn tich cdu triic va tinh chdt héa Iy ciia composite G—HT/PAN

CéAu trac cua composite dugc xac dinh béng nhiéu xa tia X, gian dd XRD duoc thé
hién ¢ Hinh 3.27. G-HT c6 céac nhiéu xa tai 20 1a 12, 24, 35, 40, 47, 60 va 62° tuong
g cac mat tinh thé (003), (006), (009), (012), (018), (110) va (113), ¢ cau trac 1a cac
vay hydrotalcite trén bé mit cac tim GO. Cau tric tinh thé cta polyaniline co peak tai
16, 20 va 25° twong tng nhidu xa tai mit tinh thé (011), (020) va (200) cua polyaniline.
Diéu nay ching minh acid tartaric da dinh huéng polyaniline phat trién tinh thé véi do

tinh thé cao.
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Gian d6 XRD cua composite G-HT/PAN c6 day du cac peak nhidu xa dic trung
ciia ca G-HT va polyaniline. Peak nhiéu xa dic trung cho mit tinh thé (003) cua
hydrotalcite tai 13° c6 tin hi¢u thép. Céc peak nhiéu xa tai 17, 19 va 25° dic trung cho
mat nhidu xa (011), (020) va (200) cta tinh thé polyaniline ciing c6 mit trong phd cua
cac composite G-HT/PAN, va cudong do cua cac peak nay tang khi ting ham lugng cta
polyaniline. Ti 1¢ tinh thé polyaniline va G—HT c6 thé x4c dinh dya trén ti 18 giira hai

peak nhi€u xa cuc dai cta hai vat li€u nay.

Hinh 3.27. Gian do XRD cua cdc vt liéu tong hop G—HT (a), G—HT/IPAN (b),
G—-HT/2PAN (c) va Polyaniline (d).

Hinh thai cta céc vat liéu G-HT, G-HT/1PAN va G-HT/2PAN dugc quan sat
trén kinh hién vi dién tir quét cho hinh anh & Hinh 3.28. Hinh théi ctia G-HT la c4c tim
GO v6i céc tinh thé hydrotalcite phan bd trén bé mat. Khi két hop tao composite
G-HT/PAN, cic tinh thé nay lién két véi cac tinh thé polyaniline 13 cac tinh thé hinh
kim. Céu triic composite G-HT/PAN c6 dang chung cua tinh thé polyaniline v&i cac
tinh thé hydrotalcite bao phu bé mit. V6i G-HT/1PAN, polyaniline c6 dang 1a nhimng
thanh tinh thé ngan, nhitng cum G—HT bao phii v6i mat do day dat. G-HT/2PAN, nhiing

thanh tinh thé polyaniline nhiéu hon xen k& véi cac cum tinh thé G-HT.
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& x 100000

Hinh 3.28. Hinh SEM cia cdc vit liéu tong hop G—-HT/IPAN (a,b), G-HT/2PAN
(c,d) va G-HT (e,f) o do phong dai x5000 va x10.000.

Tinh chét nhiét cia cac vat lieu G-HT, PAN, G-HT/1PAN va G-HT/2PAN duoc
phan tich bang phuwong phap TGA véi gian dd nhiét nhu ¢ Hinh 3.29. Tt ca cac duong
cong nhiét déu c6 do giam khdi lugng trong khoang nhié¢t 4§ 28—180 °C, dugc xéac dinh
1a qua trinh bay hoi nudc trong céu tric vat liéu [105]. D6 mat khdi lwong nay lan luot
la 1,2; 2,5; 1,8 va 4,6% tuong ung véi cac vat licu G-HT, PAN, G-HT/1PAN va
G-HT/2PAN. Péi véi G-HT, budc giam khdi lugng thir hai & vung nhiét d§ 200 — 380
°C va d6 mat khéi lugng 1a 21,3% duoc xac dinh 1a phan Gng loai cdc nhom chuce O. O
nhi¢t do trén 380 °C, G-HT c6 budc gidm nhi¢t do qué trinh dehydroxide hoa va

decarbonate héa cac tim hydrotalcite véi d6 mat khdi lugng 1a 3,9%.
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Hinh 3.29. Gian dé nhiét TGA ciia vit liéu tong hop G-HT (a),
G-HT/IPAN (b), G-HT/2PAN (c) va polyaniline (d).

Vit liéu composite G-HT/PAN déu c6 thém hai budc giam khéi luong do cac qua
trinh nhiét bao gdm: qua trinh chuyén trang thai cia polyaniline xay ra trong khoang
nhié¢t do 250 °C va qua trinh phan huy nhi¢t cua polyaniline xay ra & nhiét d¢ trén 250
°C. P mét khdi luong twong tng véi hai qua trinh nhiét cia G-HT/1PAN lan luot 1a
45,3 va 38,6%, cia G-HT/2PAN lan luot 1a 44,1 va 46,2%. Két qua TGA da ching

minh G-HT va polyaniline déu tham gia hinh thanh c4u trac ciia composite G-HT/PAN.
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Hinh 3.30. Bé dan dién ciia vit lidu téng hop G-HT, G-HT/IPAN, G-HT/2PAN
va polyaniline.
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Do dan dién cua vat liéu composite G-HT/PAN thé hién trang thai ctia polyaniline
trong cAu trac vat liéu. DO dan dién cua cac vat liéu duge do béng thiét bi do dién tré
bdn diém va két qua duoc trinh bay & biéu dd Hinh 3.30. Polyaniline c6 d6 din dién 1a
2,8 x 1075 pS/cm, GO c6 d6 din dién thip 13 3,2 x 1078 pS/cm, vat liéu lai hoa G-HT
hau nhu khong dan dién va khi két hop véi polyaniline, G-HT/1PAN va G-HT/2PAN
c6 tinh dan dién 1an lwot 13 2,6 x 1077 va 2,8 x 1077 pS/cm. Diéu nay ching minh duogc
trang thai polyaniline c6 mit trong G-HT/2PAN & trang thai ES c6 tinh dan dién.

3.3.1.5. Khdo sdt hiéu sudt chong in mon thép cia G—HT/PAN bdang dién hba

Hiéu quéa bao vé thép cua vit liéu tong hop polyaniline (PAN), G-HT/IPAN va
G-HT/2PAN ciing duoc nghién ciru bang phuong phap dién héa thong qua phuong phap
do dudng cong phan cuc thé dong cua dién cuc thép sau 2 gid ngdm trong dung dich
NaCl 3,5%, c6 mit 1an lugt cac vat lidu trén véi ndng do 1 g/L, nhiét d khao sat 25 °C.

Céc thong sb dién hoa duge trinh bay ¢ Bang 3.9.
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Hinh 3.31. Puong cong phdn cuc thé déng cua dién cuc thép CT3 sau 2 gic
ngam trong dung dich NaCl khong co/co vat liéu polyaniline (b), G-HT/IPAN
(c) va G-HT/2PAN (d) nong dé 1 g/L, nhiét @6 khdo sat 25 °C.
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Két qua Hinh 3.31 cho thiy duong phan cyc thé dong cua thép trong cac dung dich
nghién ctru c6 mat cac vat li¢u véi cung néng do so voi trong dung dich NaCl déu c6 su
dich chuyén sang ving mat d6 dong thip va dién thé duong hon. Pién thé in mon cua
thép trong dung dich NaCl cé mat polyaniline, G-HT/IPAN va G-HT/2PAN c6 mic
do dich chuyén 16m, gia tri lan lugt 12 —683, —407 va —382 mV agagcykel. Su dich chuyén
nay c6 chénh 1éch rat nhiéu vé phia cuc anode so véi E%orm, do d6 ma ca polyaniline,
G-HT/1PAN va G-HT/2PAN c6 tac dung chéng dn mon theo co ché cua chét e ché
anode [106, 107].

Bdng 3.9. Théng sé dién héa xdc dinh bang ngoai suy Tafel dwong phdn cuc thé
dong do trén dién cuc thép CT3 sau 2 gio ngam trong dung dich NaCl khong co/co

vit liéu GO, G-HT, polyaniline, G—HT/IPAN va G-HT/2PAN néng dé 1 g/L;
nhiét do khao sat 25 °C.

5 Ba _Bc

Vat héu Ecorr 1corr H

mV ag/agcrkcl uA/cm? mV/Dec  mV/Dec %

Miu tring 802 27,71+0,0385 123 240 -
GO =740 6,24 £ 0,0145 180 107 77,48
G-HT —495 7,77 £ 0,0655 172 63 71,96
Polyaniline —683 6,32+ 0,0335 123 80 77,19
G-HT/1PAN —407 3,20 £ 0,0590 161 189 88,45
G-HT/2PAN —382 1,25+ 0,0535 273 318 95,49

Két qua ngoai suy Tafel & Bang 3.9 cho thay, so voi mau trang, hé sé P duong
phan cyc thé dong do trong dung dich NaCl ¢ polyaniline hau nhu khong thay doi.
Trong khi d6 hé s Be giam con 80 mV/dec, chi bang 30% so voi B%. Piéu nay cho thiy,
& ndng do 1 g/L trong dung dich NaCl, polyaniline 1a mot chét rc ché anode, nhung su
c6 mit cua polyaniline dd khdéng ché phan tmg & cathode. Nguyén nhan do polyaniline
12 mot polymer dan dién va c6 kha ning chuyén d6i trang thai linh hoat tir trang thai oxy
hoa sang trang thai khir khi ¢6 su dich chuyén cta dién tir [89]. Polyaniline ¢ trang thai
khir LE c6 tinh chat che chén tdt tai mit tiép xtic ctia polyaniline hip phu trén bé mat

kim loai, & vung cathode, cac dién tir sinh ra di chuyén dén cadc mach phan tr dan dién
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ctia polyaniline dang mudi emeraldine (ES). Do d6, polyaniline—ES di thu hut dién ti,
khéng ché dugc phan tmg khir xay ra & ving cathode.

Hé s6 goc Tafel do trong dung dich NaCl ¢6 G-HT/1PAN thay d6i trong khoang
40-50 mV/Dec so voi mau trang. Trong khi d6, sy c6 mit caa G-HT/2PAN trong dung
dich NaCl lam ting gip doi gia tri hé sb Tafel cua dudng phan cuc. Cu thé, hé sb . va
Bc duong phan cuc cua thép trong dung dich NaCl c6 G-HT/1PAN la 161 va 189
mV/Dec va trong dung dich NaCl c6 G-HT/2PAN 1a 273 va 318 mV/Dec. Két qua nay
dugc giai thich boi G-HT/1PAN va G-HT/2PAN hép phu trén bé mat kim loai tao 16p
bao vé, tai day 16p vat lidu nay dong thoi hip phu Cl~ trong dung dich va ngan ion Cl-
tiép xuc bé mit kim loai [102]. Ca hai vat liéu tong hop ndy déu c6 do dan dién, chimg
t6 polyaniline trong cdu tric cta vat liéu ndy & trang thai ES [80], do d6 ma dién tir sinh
ra tir phan tng dn mon ciing co thé di chuyén trén céu trac vét liéu. So sanh véi miu
trang (B% = 123 va p°% = 240 mV/Dec), sy ¢6 mat G-HT/2PAN lam ca hé sé Ba va e
duong phan cuc cia thép ting tir 1,5-2 1an. Sy chuyén doi nay cho thdy G-HT/2PAN
anh huong dén qua trinh an mon ca nhanh anode va cathode. Cung mét ldc,
G-HT/2PAN hép phu trén bé mat thép tao 16p bao vé€, ngan chén cac chit &n mon; ion
CI- trong dung dich NaCl hap phu trong c4u tric x6p vat litu G-HT/2PAN theo co ché
trao ddi anion dic trung ciia G-HT; phan Gmg chuyén ddi trang thai cia PAN xay ra do
cac dién tir ty do di chuyén tir cathode dén 16p vat liéu.

Két qua ngoai suy Tafel & Bang 3.9 cho thay khi c6 mit cac vat liéu polyaniline,
G-HT/IPAN va G-HT/2PAN, mit d6 dong an mon giam dang ké. Cu thé, dong dn mon
trén thép do trong cac dung dich nghién ctru c6 PAN, G-HT/1PAN va G-HT/2PAN lan
lwot 14 6,32; 3,20 va 1,25 pA/em? déu giam nhiéu so voi i%or = 27,71 pA/cm?. Dya trén
gia tri icor Xac dinh duoc hiéu sudt chéng an mon cua polyaniline, G-HT/IPAN va
G-HT/2PAN lan luot 12 77,19; 88,45 va 95,49%.

K&t luan: Tir két qua coa dién hoa khao sat tinh chit chéng dn mon cho thay,
G-HT/IPAN va G-HT/2PAN c6 tinh chit chdng dn mon gan gidng nhau. Vi vay, dé
tai sir dung ca hai composite nay dé két hop trong son PU va nghién ctru cho 16p phi

httu co chong an mon.
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3.3.2. Téng hop composite G—ZnO/polyaniline (G-ZnO/PAN)

3.3.2.1. Phdn tich dac trung cdu tric va cdc tinh chdt cia composite G—ZnQ/2PAN

Phé FT-IR cua vt liéu polyaniline, G-ZnO va G-ZnO/2PAN téng hop duoc thé
hién & Hinh 3.32. Hai peak dic trung cila polyaniline tai 1574 va 1492 cm™! lan luot ddc
trung cho dao dong kéo cing cua lién két C=C cua quinoid va benzenoid, chimg minh
cdu triic polyaniline c6 mat trong vat liéu G—ZnO/PAN [85]. Vung kéo cing xuit hién

& 3447 cm™!, 1a dic trung cho dao dong kéo cang N—H cua polyaniline.
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Hinh 3.32. Phé FT—IR ciia vt liéu tong hop polyaniline (a), G-ZnO/2PAN (b)
va G—Zn0O (c).

Két qua phé FT-IR & Hinh 3.32 va Bang 3.10 cho thiy céc vat licu G-ZnO/PAN
¢6 cac dao dong dic trung cia polyaniline, tuy c6 sy dich chuyén nhung khéng dang ké.
Vi mau G-ZnO/2PAN, dao dong tai ving 1550-1600 cm ™! ting manh do trung lap cta
ca hai dao dong C=C ctua GO va C=N trén vong quinoid cua polyaniline. Mdc du co
chuyén vi cua dao dong kéo cing N—H vé ving s song thap, didu nay 1a do twong tac
vat 1y gitta —NH trong chudi polyaniline va G-ZnO. Céac composite déu c6 dao dong
cia lién két kim loai Zn—O—Zn va Zn—O tai hai vung dao dong 725-750 cm! va

450-550 cm ! [77].
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Dao dong N—H dich chuyén vé ving hong ngoai (red—shift), budc song ting nghia
1a lién két N-H c6 ning lugng dao dong giam, d6 dai lién két ngén lai, phu hop voi ti 16
2 trang thai oxy héa va khir ctia polyaniline thé hién qua ti 18 cdu tric Quinoid/Benzenoid
(Q/B). O trang thai oxy hoéa, lién két N—H s& ngan hon so véi trang thai khir. So voi

polyaniline, lién két N—H cua tit ca composite déu ngdn hon.

Bdng 3.10. Pdc trung dao dong nhém chire tir phé FT—IR ciia G—ZnO/PAN.

G-ZnO[77]  G-ZnO/2PAN Polyaniline
Nhom chure dac trung [85]
S6 séng dao dong (nm™)

N-H trén mach PAN - 3394 3261
C=N Quinoid - 1575 1583
C=C Benzenoid - 1498 1494
Q/B - 0,94 0,75
C—N trén mach PAN - 1296 1296
C=0 mach GO 1624 1575 -
Zn—-0-Zn 570 736 -
Zn-0 432 487 -

Dong thoi, ¢ trong tac giita polyaniline va GO thé hién qua thay ddi twong quan
gitta cac dao dong ddc trung cua polyaniline va GO & hai ving 3200-3500 cm™! cho
lién két N-H va ving 1400 cm™! cho lién két C=C trén GO. Polyaniline c6 xu hudng
thu hat dién tr di chuyén trén mach polyaniline (tinh dan dién). GO lai c6 cu tric 2D,
khi bé mat GO duoc khir, cac dién tir cd xu huoéng di chuyén tu do giita cac 16 tréng
mang ludi graphene. Khi polyaniline lién két véi GO, tao hiéu tmg truyén dién tir giira
GO va mach polyaniline, két qua kéo dén lién két C=C trén mach GO.

CAu tric cia G-ZnO/PAN duoc xéac dinh bﬁng nhiéu xa tia X, gian dd XRD duge
thé hién & Hinh 3.33. CAu tric cia polyaniline c6 nhiéu xa dic trung tai goc 20 1a 16, 20
va 25° trong g voi cic mit phing (011), (020) va (200) cua tinh thé polyaniline. Mau
G—ZnO/2PAN c6 nhiéu xa manh tai goc 15, 19 va 25° twong ing vé6i cac mit nhidu xa
dic trung cia polyaniline. Cac peak nhidu xa v6i cudng do yéu tai 33, 35 va 37° tuong
rng v6i mit nhiéu xa (100), (002) va (101) ctia G—ZnO. Nhu vay cac peak nhiéu xa cua
G—ZnO/PAN thé hién duogc déy du cAu tric wurtzite luc giac cua ZnO phu hop voi két
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qua nghién ctru tong hop composite ZnO—PAN ciia A.Olad cing cong su va V.Talwar
cung cong su da cong bd [108, 109]. Ngoai ra, G-ZnO/PAN c6 cac nhiéu xa dic trung
ciia G—ZnO xuit hién voi cudng do thap hon so v6i cac peak nhidu xa dic trung cho
tinh thé polyaniline. Nhu vay, hinh thai cia G—-ZnO/PAN 14 nhiing cau traic G—ZnO

phan bd trén cac tinh thé polyaniline, ma tinh thé polyaniline ¢6 kich thudc 16n hon.

Hinh 3.33. Gian do nhiéu xa tia X ciia vt liéu téng hop G—ZnO0O (a),
G—2ZnO/2PAN (b) va polyaniline (c).

Hinh 3.34. Hinh anh SEM cua vt liéu tong hop G—ZnO (a) va G—ZnO/2PAN
(b) quan sat o do phong dai x10000.
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Hinh thai cdu trac cta composite G-ZnO/PAN dugc quan sat bang kinh hién vi
dién tir quét va cho hinh anh & Hinh 3.34. Céc tinh thé ZnO trén tim GO lién két v&i cac
tinh thé polyaniline hinh kim (do hiéu tng dinh hudng phat trién tinh thé cua tartaric
acid). Tinh cht nhiét cta cac vat liéu G—ZnO, PAN va G-ZnO/2PAN duoc phan tich
bang phuong phap TGA véi gian d6 nhiét nhu ¢ Hinh 3.35.
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Hinh 3.35. Gian dé nhiét TGA ciia vit liéu tong hop G—ZnO (a), G-ZnO/2PAN
(b) va polyaniline (c).
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Tat ca cac dudng cong nhiét déu co do giam khdi lwong trong khoang nhiét do
28-200 °C, duogc xac dinh 1a qua trinh bay hoi nudc trong cAu trac vat liéu [105]. Bo
mat khéi lugng nay lan luot 1a 0,4; 2,5 va 6,5% tuong Gng v6i cac vat lidu G-ZnO,
polyaniline va G—ZnO/2PAN. G—ZnO c6 d6 mat khdi luong 14 4,0% trong khoang nhiét
d6 200—450 °C va sau d6 vat liéu bén nhiét, khdi luong khong suy giam khi gia nhiét
dén 800 °C. Vit liéu composite G—ZnO/PAN s¢ hitu diac trung tinh chit nhiét cta
polyaniline véi buéc giam khdi lwong & khoang nhiét do 200-680 °C. Do giam khdi
luong cuia composite it hon cta polyaniline do tinh bén nhiét ciia thanh phan G-ZnO
trong cdu tric vat liéu composite. G-ZnO/2PAN c6 dién bién nhiét giéng polyaniline
v6i 6 giam khdi luong it hon so véi polyaniline, lan luot 1 95,8 va 84,0% tuong tng

v6i polyaniline va G-ZnO/2PAN.
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Hinh 3.36. B¢ dan dién ciia vit liéu t(fng hop GO, G—ZnO, G—-ZnO/2PAN va
polyaniline.

Do dan dién cua cac vat liéu duoc do béng thiét bi do dién tré 4 diém voi két qua
thé hién & Hinh 3.36. Theo do, polyaniline c6 do dan dién 1a 283 x 1077 uS/cm, GO c6
d6 dan dién thip 13 0,32 x 1077 pS/cm, vét liéu lai héa G-ZnO hau nhu khong dan dién
va khi két hop véi polyaniline va G—ZnO/2PAN c¢6 tinh dan dién 12 2,58 x 1077 uS/cm.
Diéu nay chirmg minh duoc trang thai polyaniline c6 mit trong G—ZnO/2PAN & trang
thai ES c6 tinh dan dién.

3.3.2.2. Khdo sat tinh chdt chong dn mon thép ciia G—ZnO/PAN bang dién héa

Hiéu qua bao vé thép cua vit lieu G—ZnO/PAN ciing duoc nghién ctru bang
phuong phéap dién hoa thong qua phuong phap do duong cong phan cuc thé dong cia
dién cuc thép trong dung dich NaCl 3,5% c6 mat G—ZnO/PAN véi nf‘mg do 1 g/L.
DPuong phan cuc thé dong cua thép sau 2 gior ngdm trong cac dung dich nghién ctru dugc
thé hién ¢ Hinh 3.37 va cac théng sé dién hoéa duoc trinh bay & Bang 3.11.

DPuong phan cuc ¢ cua thép trong dung dich NaCl c6 G-ZnO/PAN (1 g/L) so voi
trong mau trang c¢6 sy dich chuyén sang ving mat do dong thip va dién thé duong hon
(Hinh 3.37). Dién thé dn mon cua thép do trong dung dich c6 G-ZnO/PAN la —532
mV agagcrker, chénh 1éch rat nhidu vé phia cyc anode so v6i mau trang. Nhu vay, twong
tu vdi polyaniline, G-HT/PAN va G—-ZnO, vat liécu G-ZnO/PAN chéng an mon theo co
ché cua chét @re ché anode [106, 110].
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Hinh 3.37. Puwong phdn cuc thé dong do trén dién cuc thép CT3 ngdm trong dung dich
NaCl khong va co chira polyaniline (b), G-HT/2PAN (c) va G-ZnO/2PAN (d), khao
sat o nhiét do 25 °C.

Két qua ngoai suy Tafel & Bang 3.11 cho thiy khi c6 mat G-ZnO, G-HT/2PAN
va G-ZnO/PAN, mit do dong dn mon giam dang ké va icor 1an luot 14 6,71; 1,25 va 4,73
pA/cm?. Duya trén gia tri icor Xac dinh dugc hiéu qua bao vé dién cuc ciia G-ZnO,
G-HT/2PAN va G—ZnO/PAN lan luot 14 75,78; 95,49 va 82,93%.

Hé s6 Tafel dudng phéan cyc cia thép do trong dung dich NaCl ¢c6 G-ZnO/2PAN
tang 1,5 lan so véi mau trang. Cu thé hé s Pa va Pc dudng phan cuc cia thép khi co
G—ZnO/2PAN 1a 181,2 va 369,6 mV/Dec. Su chuyén doi ndy cho thdy G-ZnO/2PAN
anh hudéng dén qua trinh an mon cad nhanh anode va cathode. Mat khac, so sanh hé sb
Tafel do trén vat liéu G—-ZnO/2PAN véi vat liéu G-HT/2PAN, hé s B. thap hon (Ba:
181,2 mV/Dec < 273,1 mV/Dec) trong khi hé s B lai cao hon (Be: 369,6 mV/Dec >
318,1 mV/Dec). Két qua nay duogc giai thich G-ZnO/2PAN hap phu trén bé mat kim
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loai kém hon so véi G-HT/2PAN. Theo J. Tedim cung cdng su, 16p bdo v¢ hinh thanh
trén bé mit kim loai dong thoi ngin ion CI- tiép xtc kim loai va ciing c6 hap phu Cl-
trong dung dich nhung kém so vd1 G-HT/2PAN [107]. Trong khi d6, cac phan ing trén
nhanh cathode xdy ra véi su tham gia cia cd PAN va G—ZnO triét ti€u cac di¢n tur sinh
ra trong qua trinh &n mon. Vit liéu G-ZnO/2PAN nay c6 dd dan dién chimg to
polyaniline trong cdu tric cua vat liéu nay & trang thai ES [80], do d6 ma dién tir sinh ra
tir phan (g dn mon ciing c6 thé di chuyén trén céu tric vat liéu. Nhu viy, G-ZnO/2PAN
hoat dong nhu chét rc ché hdn hop, nghia 1a thanh phan G-ZnO vira hap phy trén bé
mat kim loai, tao 16p mang bao v€ anode khong hoa tan vao dung dich dién ly, vira kiém
soat dugc phan Gmg sinh Ha & cathode [102]; phan tng chuyén dbi trang thai cua

polyaniline xay ra do cac dién tir tw do di chuyén tir cathode dén 16p vat liéu [97].

Bdng 3.11. Thong sé dién héa xdc dinh bang ngoai suy Tafel dwong phdn cuc thé
dong do trén dién cuc thép CT3 sau 2 gio ngam trong dung dich NaCl khong co/co
vt liéu G-ZnO, polyaniline, G—ZnO/2PAN va G-HT/2PAN nong dé 1 g/L; nhiét
do khao sat 25 °C.

Ecorr corr Ba —Be H

Vatlieu MV Ag/AgCIKCI HA/cm? mV/Dec  mV/Dec %

Mau tring —802 27,71 +0,0385 123 240 -
G-ZnO —658 6,71 +0,0105 108 179 75,78
PAN —683 6,32 +0,0335 123 80 77,19
G-ZnO/2PAN ~532 4,73 £0,1490 181 370 82,93
G-HT/2PAN -382 1,25 +0,0535 273 318 95,49

Két luin: Vat liéu G-ZnO/2PAN tong hop chéng dn mon theo co ché cua chit wrc
ché anode vé6i dién thé do trén dién cuc thép trong dung dich NaCl c6 G-ZnO/2PAN la
—532 mVagaecikcl Va icor 1a 4,73 pA/cm?, hiéu suat chéng dn mon 1a 82,93%.

G—ZnO/2PAN duoc dung trong son PU chdng dn mon thép & ndi dung nghién ciru sau.

3.3.3. Co ché bdo v¢ kim logi ciia composite G-HT/PAN va G-ZnO/PAN

3.3.3.1.  Co ché chong in mon ciia polyaniline
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Polyaniline 12 mot polymer din dién c6 tinh chat bao vé kim loai hidu qua vé6i day
du céc co ché bao vé anode, bao vé cathode, co ché giai phong chét tc ché c6 kiém soat
va co ché che chan.

» Co ché bao vé anode

Co ché nay di duoc thtr nghiém kiém chiung va duoc giai thich nhu sau:
polyaniline c6 thé duy tri thé OCP cta bé mit tiép xtic kim loai — dung dich dn mon &
gia tri anode trong vung thu dong, tao 16p oxide kim loai bao vé bé mat kim loai, tai day
xay ra phan tng khtr va polyaniline chuyén trang thai tir ES thanh LE; mit khac tai vi
tri tiép xtic dién moi hodc su tiép xtic voi O, thadm thiu va mang son s& xay ra phan Gmg
oxy hoa va tai diy polyaniline chuyén trang thai tir LE thanh ES [81]. Nho co ché nay
gitip khéng ché dong e tu do di chuyén trong mang son, ngan chin duoc phan tng in
mon xay ra. Qua trinh oxy hoa — khir polyaniline lién tuc trong mang son dugc thé hién
cu thé qua phan tng sau:

~M +—PAN — ES™ +2H,0 > ~M(OH);"™"* +=PAN — LEB® + X H* (15)
%02 +§H20 + PAN — LEB® - PAN — EB™ + mOH~ (16)
> Co ché gidi phéng chit irc ché c6 kiém sodt

Co ché nay thé hién & polyaniline duogc pha tap cac ion cta chat e ché dn mon,
khi @6 chat trc ché duoc giai phong tir phan tmg khir polyaniline khi ¢6 sy hoa tan kim
loai tai vét an mon diém hoidc do qua trinh trao ddi ion [89]. Céc anion nay dong thoi
hinh thanh hang rao ngin chin sy di chuyén cua cac thanh phan gy dn mon va tc ché
qué trinh khtr oxy. Mang son chira polyaniline con dugc goi la mang son théng minh do
cac chét e ché chi dugc giai phong khi can thiét, hay noi cach khac khi mang bi pha
hay dan dén xuét hién an mon kim loai va xdy ra phan tng khir véi polyaniline (phan
mg (15) va (16)). Bén canh sy hinh thanh oxide, cac phtrc chat giira chit e ché va cac
ion kim loai tao ra 16p bdo vé anode bd sung.

» Co ché bao vé cathode

Polyaniline bao vé nén thép theo co ché bao vé cathode nho co ché “chuyén ving”.
Khi kim loai tiép xuc voi polyaniline tao ra dién trudng han ché dong e~ tir kim loai d&én
cac tac nhin oxy hoa (H20, O,), nhd d6 ngin hodc giam duogc tde do an mon.

» Co ché che chdn
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Tuong ty v&i cdc mang hiru co thong thuong, polyaniline cting bao vé kim loai
theo co ché che chén, kha ning tao mang véi mat do 16 xép thép, ngan chan sy tham
nhap clia cc tac nhan oxy hoa (02, H20) tiép xtic nén kim loai tao phan tng oxy héa va
hoa tan kim loai vao moi truong gay an mon kim loai.

3.3.3.2. Co ché chbng an mon thép ciia composite G—HT/PAN va G-ZnOQ/PAN

Composite ¢ cau tric két hgp cac thanh phan ciia GO, hydrotalcite hodc ZnO va
polyaniline, nho d6 ma co ché bao vé kim loai cia cac composite G-HT/PAN va G—
ZnO/PAN 1a su két hop tir cac co ché dic trung ctiia moi loai vat liéu trén. Theo do,
ngoai nhitng co ché bao vé riéng cia G-HT va G—ZnO, su c6 mit cua polyaniline da cai
thién thém nira hiéu qua bao vé kim loai nho co ché dic trung cua polyaniline va dugc

mo phong nhu & Hinh 3.38.

(a) Dung dich NaCl 3,5%
0 HO oC' o,

NN~ -
L T STer Tae Teue ey
NG N

=i N
Fe + e + Fe + e + Fe W

M G-HT/PAN hodic G-ZnO/PAN khi PAN ¢ trang thai ES
% G-HT/PAN hodc G-ZnO/PAN khi PAN & trang thai LE

Hinh 3.38. Co ché chong dan mon thép CT3 ciia vit liéu composite G-HT/PAN va
G—ZnO/PAN.

Sau khi ngam trong dd G-HT/PAN va dd G-ZnO/PAN, trén bé mit dién cuc thép
CT3 c6 mét 16p mang hinh thanh tir composite G-HT/PAN hoac G—ZnO/PAN. Phan
ung dién hoa xay ra tai day co tao ra cac e tu do. Cac e tu do nay di chuyén dén mach
polyaniline (dang & trang thai ES c6 kha ning hip thu e rit 16n), tham gia phan tng
chuyén trang thai tir polyaniline—ES (c6 tinh dan dién) sang trang thai khir polyaniline—
LE (khong dan dién). Thanh phan polyaniline-LE d tao mot 16p mang cach dién, che
chin bao vé bé miat dién cuc thép. Dong dich chuyén ¢ la dong lién tuc nén bét ¢t khi
nao c6 su dich chuyén e, cac e~ di chuyén trén mach polyaniline va giai phong ra moi
truong ngoai, thi tai ddy lai c¢6 su chuyén d6i trang thai tir polyaniline-LE vé
polyaniline—ES [81]. Qua trinh chuyén ddi trang thai cta polyaniline duoc dy doan 1a
xay ra lién tuc, cung voi co ché bao vé cua G-HT hoidc G—ZnO d3 cai thién duge hiéu

sudt chong dn mon trén dién cuc thép.
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3.4. Khao sat tinh chét chéng in mon ciia mang son polyurethane chira composite
G—HT/PAN va G-ZnO/PAN

3.4.1. Ché tgo va khdo sdt tinh chit chong dn mon thép ciia mang son
polyurethane chira vit lieu G—HT/PAN va G—ZnO/PAN

3.4.1.1. Tinh chdt vét Iy cia mdng son

Mang son polyurethane (PU) v&i cac composite tao mang PU—(G—HT),
PU—(G-HT/IPAN) va PU-(G-HT/2PAN) dugc ché tao trén nén thép CT3 c6 ngoai
quan nhu Hinh 3.39. D¢ day va do cimg mang son dugc trinh bay & Bang 3.12 cho thay

cac composite trong mang son khong 1am anh hudng dén tinh chat vat 1y ctia mang son.

PU G-ZnO

PU

—I;U y (G-ZnO/
2PAN)

(G-HT/1PAN) :

Hinh 3.39. Mang son PU, PU-G—HT), PUAG—HT/IPAN), PU-(G—HT/2PAN),
PU~(G—Zn0O) va PU~G—ZnO/2PAN) trén nén thép CT3.

Bang 3.12. Tinh chat vat ly cua cac mang son PU duoc ché tao ¢6 chira cac vt
lieu nghién cvru, khao sat o nhiét do 25 °C.

Ham lwong vat liéu Do day Po cirng HD
Ky hi¢u
% pm H
PU 0 15+0,01 85,0+ 0,05
PU—(G—HT) 0,5 15 £0,01 90,5 + 0,08
PU—-(G—HT/1PAN) 0,5 15 +£0,01 83,0+ 0,03
PU—(G—HT/2PAN) 0,5 15 £0,01 86,5+ 0,02
PU-(G—ZnO) 0,5 15 +£0,01 83,0+ 0,06

PU—(G—ZnO/2PAN) 0,5 15 0,01 88,0 + 0,03
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Hinh anh vi cdu tric cia mang PU—(G-HT), PU—(G-HT/IPAN) va
PU—(G-HT/2PAN) duoc quan sat bang kinh hién vi SEM (Hinh 3.40) cho thay cac
composite G-HT. G-HT/IPAN va G—HT/2PAN phan tan déu trong mang son PU voi
kich thuéc 100-300 nm. Tuy nhién, G-HT, G—-HT/PAN c¢6 d6 phan tan trong nén son
PU déu hon, trong khi G-HT/2PAN c6 hién tugng két tu, phan tan kém hon. Kha ning
phan tan t6t cia cac composite s& gitp ting hiéu qua bao vé ciia mang PU. Hinh anh
SEM d4 giai thich cho tinh chat chng an mon thép CT3 cua cac mang son sé& thyc hién

thir nghiém bang phuong phap mi mudi va do dién héa.

x 10000/ : x 10 000 =&

Hinh 3.40. Anh SEM mdt cdt mang son PU (a), PU~(G—Zn0O) (c),
PU—G—-ZnO/2PAN) (e), PUAG—HT) (b), PUHG—HT/IPAN) (d) va
PU—G—HT/2PAN) (f) 0 do phong dai x10000.
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80 -

Goc tiép xtc (©)

N
o
I

N
o
|

G-HT G-HT/1PAN G-HT/2PAN G-ZnO G-ZnO/2PAN

Hinh 3.41. Géc tiép xiic ciia giot nuée véi mang son PU chira G—HT,
G-HT/IPAN, G-HT/2PAN, G—-ZnO va G—-ZnO/2PAN, nhiét d¢ khao sat 25 °C.

Sy ¢6 mit cua polyaniline 1am ting goc tiép xtic ctia bé mat son PU, ting do che
chan cuia 16p phii va han ché qua trinh khuéch tan cta nudce vao 16p phit. Goc tiép xuc
clia giot nudc trén bé mat cia PU-(G-HT), PU~(G-HT/1PAN) va PU-(G-HT/2PAN)
lan luot 1a 81, 104 va 107°. Do d6, mau mang PU—(G-HT/2PAN) duoc du doan la
chéng dn mon hiéu qua nhat va két qua phan tich dién hoa s& minh chimg cho diéu nay.

Mit khac, goc tiép xlic giot nuwéc trén bé mit miu PU—(G-ZnO) va
PU—(G—ZnO/PAN) lan luot 1a 111 va 117°. Két qua nay cho thdy nhém G-ZnO trong
PU gip cho mang son chdng nudc tét hon, ddng thoi polyaniline cé mit trong
G—-ZnO/PAN ciing lam ting che chan nudc cho mang son PU.

3.4.1.2. Khdo sdt tinh chdt chong an mon thép ciia mang son bang phwong phdp

phun mi mudi véi dung dich NaCl

Hinh anh cac miu mang trude va sau khi thir nghiém phun md mudi dugce thé hién
trong Bang 3.13 cho thiy sau 3 ngay, tit ca cac mau da xuét hién dn mon & vét cit (chir
X). Mang PU bi dan mon nhiéu nhat, tiép d6 1a mang PU—(HT) ciing bi 4n mon, vét an
mon cua 2 mau nay cd xu hudng phat trién bén dudi mang son. Mang PU—(GO) va
PU—(PAN) ciing d3 c6 dn mon & vét cit va chua phat trién thém. PU-(G-HT/1PAN) va
PU—(G-HT/2PAN) c6 xuat hién an mon nhe ngay bén trong vét cat. Mang
PU—(G—ZnO) va PU-(G—ZnO/2PAN) ciing dd c6 an mon & vét cit va chua phat trién

thém. PU-(G—ZnO/1PAN) c6 xuat hién dn mon ngay bén trong vét cit
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Bdng 3.13. Thir nghiém phun mit muéi mang son véi dung dich NaCl 5%.

x ) Thoi gian phun mu mudi
Mau thw

nghiém

3 ngay

Son PU

PU—(GO)

PU—(PAN)

PU—(G-HT)
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PU-
(G-HT/1PAN)

PU-
(G-HT/2PAN)

PU—(G—ZnO)

PU-
(G-ZnO/2PAN)

Sau 7 ngay phun mi mubi, cac mau PU, PU-(PAN), PU-(GO), PU~(G—HT) déu
bi an mon, vét dn mon phat trién manh dudi 16p son. Miu PU-(G-HT/1PAN) va
PU—(G-HT/2PAN) ciing c¢6 vét an mon ¢ mic do thap. Mau PU—(G—ZnO) va
PU—(G—ZnO/2PAN) c6 an mon phét trién doc theo dudng cit tao cac diém dn mon 16n

trén dudng cit, cho thdy G—ZnO va G—ZnO/2PAN trc ché qua trinh an mon nhung &
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mirc do thip. Mau PU—(G—HT/IPAN) bi an mon it nhat, cac vét an mon chi phat trién
doc theo vét cét, chua pha huy mang son. Két qua nay phu hop véi két qua phan tich

dién hoa bang phuong phép do tong tré mang son dugc phan tich & ndi dung sau.

3.4.2. Nghién civu tinh chit chong dn mon ciia mang son bang phé tong tré

3.4.2.1. Tinh chdt chong dn mon cia GO va vt liéu G=HT. G—ZnO trong mang son

polyvurethane

Phé tong tré cua cic mang son PU—(GO), PU~(G-HT) va PU-(G-ZnO) duoc
ngam trong dung dich NaCl 3,5% theo thoi gian 1, 5, 10 va 30 ngay. Hinh 3.42 trinh
bay gian dd Nyquist ciia cac mang trén sau 1 ngay khao sat ngdm trong dung dich NaCl

3,5% & nhiét do 25 °C.

158 Hz (a) T (b)
3x10° - 2x10° - o
512 Hz
B | 158 Hz 10 mHz
2x10° 15,2 Hz 1 . i
el -
l 1x10° - @° a o®
1x10° - 1,23 H
- 128 bz omiy Y —
= oW 1oMHa . . . . A o @=—100MHz T |
~ 0 2x10° 4x10° 6x10° 0 2x10° 4x10° 6x10°
g 8x10°
N (c)
- 152 Hz
158 Hz .- . l
r'y .

4x10° |- ’/‘ .
F . 10 mHz
6 |-
E L R /
100 MHz
0 1 1 |

0.0 5.0x10° 1.0x107 1.5%107

Z, (Q.cm?)

Hinh 3.42. Gidn do Nyquist ciia cdc mdu mang PU~GO) (a), PU~G-HT) (b) va
PU—G—2Zn0) (c) sau 1 ngay ngam trong dung dich NaCl 3,5% o nhiét do 25 °C.
Két qua cho thiy gian d6 Nyquist cia mang PU-(GO) va PU~(G— ZnO) chi ¢6
mot cung & tan s cao, mang PU—(GO) va PU~(G—ZnO) c6 do che chan tét, dién tré do
duoc 1a dién tré cia mang son véi tinh chat cach dién cao. Trong khi gian dd cuia mang
PU—(G-HT) c6 d4u hiéu bit diu cung thir hai & vang tan sd thap, cho thiy G-HT phan
tan trong nén PU kém hon so voi GO va G-ZnO, tao nhitng khuyét tat trong céu triic

16p mang nén dung dich an mon dé dang len 16i qua 16p mang. Nhu vy, ngay sau 1
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ngay ngam, dién tr& mang PU-(G-HT) bao goém ca dién tré clia mang va dién tro 18
trbng bén trong cAu trac mang.

Sau 5 ngay ngadm mau trong dung dich NaCl 3,5%, gian d6 Nyquist cia mang
PU—(GO) van chi c6 mot cung & ving tan sb cao (Hinh 3.43), diéu ndy chimg minh nhd
ciu trac GO 1a nhirng tim phing nén khi phan tan trong nén PU, cac tim GO nim xép
chdng 1én nhau tao nhitng 16p che phu kin, chic chin, nén dung dich dién ly rit kho
khuéch tan hodc khuéch tan véi toc d6 cham. Mang PU-(G-HT) va PU—(G-ZnO) di
c6 hai cung rd rang, cung thir nhat & viing tan sb cao dic trung cho kha ning ngan cach
clia mang, cung thr hai 1a qua trinh dién héa xay ra trén bé mit tiép xuc gitta mang va

nén kim loai.

ex10°F 1,23 MHz @ | o6 (b)
* 512 Hz
4x10° * 2x106
(J
L]
2x10° -.0, —_— 1x10°
| g <— 128 MHz B |
— Oll/l"“li‘"“ | , 10mHy 8 oLfoynz . .
5 0 2x10° 4x10° 6x10° 8x10° 1x10° 9 5x10° 1x107
]
‘: 3x10°+ (C) (d) ii
N I P
12,8 MHz
2x10°
1x10° Rg: dién tro dung dich
L Re: dién tré mang
Ak a | | Ry dién trdr 16p chuyén tiép
0 P M P : Y A
0 5x10° — Cc: dién dung l6p mang

C: dién dung 16p chuyén tiép
Z, (Q.cm?) W: dién trd Warburg

Hinh 3.43. Gian d6 Nyquist ciia cic mau mang PU~GO) (a), PU-(G-HT) (b) va
PU—G—Zn0) (c) sau 5 ngay ngam mang trong dung dich NaCl 3,5% ¢ nhiét do
25 °C va so do mach dién twong dwong (d).

Pho tong trd ciia ca ba miu mang déu c6 xu hudng giam. Lac nay, dung dich in
mon di khuéch tan qua 16p mang dén tiép xuc véi bé mat kim loai va tai day xay ra phan
rmg n mon. Do G-HT va G—ZnO c¢6 thanh phan nguyén td Zn, nén nguyén td nay co
tham gia phan tng dn mon, tao 16p oxide che chin tai vi tri &n mon. Lép oxide nay dong

vai tro 12 16p chuyén tiép nhu trong so d6 mach dién twong dwong ¢ Hinh 3.43(d), gobm
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thanh phén dién tr& 16p chuyén tiép Rer mic song song v&i mot tu dién Cer. Nhu vy,
dién tré mang tai thoi diém nay s& bao gdm dién tré ciia mang Re nbi tiép v6i mot hé
thong dién tré tai vi tri n mon va cung song véi tu dién ciia mang Cc Pén ngay tha 30,
gian d6 Nyquist cia ca ba mau mang déu suy giam déng ké va co hai cung rd rang (Hinh
3.44). Mang PU—~(G—ZnO) van thé hién kha ning che chan tdt, diéu nay co thé giai thich
do ¢6 xay phan tng giita Zn voi cac yéu td dn mon tao 16p oxide bén, canh tranh véi

phan irng an mon xay ra tai bé mat tiép xuc gitra 16p mang va nén thép.

8,000 (a) 1,000 - 12,8 MHz (b)
800
6,000 [ ]
600 - f
4,000 - e 10 mHz
400 " e
2,000 T \
200 - -
':.-\ | 100 \lHI 512 Hz l.('HI
£ 0 L b L
< 0 5,000 10,000 15,000 0 1,000 2,000 3,000
Cj 5x10° C
o 2T ’ d, i
N 152 Hz (c) (%) ]
4x10°F
3x10°F
[512 Hz
2x10° 1 10 mHz
X Rq: dién tré dung dich
10 & R: dién tré mang
g _10MHz 0w Rey (.ifén tror léf]:’) chuyén ticp
0 sxi0®  ixiof  wxio® 208 Cc: dién dung I6p mang

Ceq: dién dung 16p chuyén tiép
Z,.(Q.cm?) W: dién tro Warburg

Hinh 3.44. Gidn d6 Nyquist cia cdc mau mang PU—(GO) (a), PU-(G-HT) (b)
va PU—(G—Zn0) (c) sau 30 ngay ngam mang trong dung dich NaCl 3,5% ¢ nhiét
do 25 °C va so do mach dién twong dwong (d).

Gian d6 Bode ¢ Hinh 3.45 chtrng minh duoc mang PU—(GO) kém bén nhét, dudng
Bode theo thoi gian suy giam rt nhanh v6i Z100 mz thap. Z100 mi, ciia miu mang sau 10
ngay khoang 105 Q.cm? va dén ngay 30 thi Z100 mn, gidm con khoang 1,6 x 10* Q.cm?.
Tuong ty véi mang PU—(GO), mang PU—(G-HT) ciing c6 d6 bén thip thé hién qua gian
d6 Bode & Hinh 3.47. Két qua tinh & Bang 3.14 cho théy, trong khoang thoi gian 5 ngay
dau ngam mau, mang PU-(G-HT) c6 thé hién duoc kha nang bao vé thép, vai gid tri
Z100 muz khong suy giam trong thoi gian nay va dat xp xi 107 Q.cm?. Sau 10 ngay, gia

tri Z10o mu giam chi con khoang 4,0 x 105 Q.cm?, dong thoi trén gian d6 xuat hién hai
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diém udn, cho thay mang c6 du hiéu bi pha huy. Sau 30 ngay, mang PU—(G-HT) da bi
an mon, gia tri Z100 mn, cia mang giam chi con khoang 3,2 x 10° Q.cm?. Két qua khao
sat cho thiy, khi G-HT tham gia trong mang son pha PU thi ¢6 thé hién duoc hiéu qua
bao vé nén thép nhung chi dat duoc trong thoi gian ngan. Do ban chit G-HT phan tan
kho trong mang son, chua tao dugc mot 16p mang doéng nhat nén di cé nhing khuyét tat
v6i kich thudc vi sai trong mang son. Vi vay, & thoi gian ngdm mau 1au hon, dung dich
an mon khuéch tan qua 16p mang son dén tiép xtic v4i nén thép va tai day xay ra phan

ung an mon.
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Hinh 3.45. Gidn do Bode cia cdc mau mang PU(GO) (a), PU(G—-HT) (b) va
PU(G—2Zn0O) (c) ngam mang trong dung dich NaCl 3,5% o nhiét do 25 °C.
Mang PU(G-ZnO) c6 tdng tré cao va gian do Bode giam nhanh sau 10 ngay (Hinh
3.45). Tuy nhién sau d6, duong Bode c6 gia tri 6n dinh voi Z10o mu. dat trén 106 Q.cm?

sau 30 ngay ngdm mau va c6 mot di€ém udn & vung tan sé cao, cho thay tic dung che
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chan cia G-ZnO. Sy phan bd cua ZnO trén bé mat GO gitip cac tim GO khong bi bién
dang, kich thudc cac hat composite nhé c6 dang tim, phan tan déu ting hiéu qua che
chan. Nguyén nhan do hinh thanh 16p thy dong trong qué trinh G-ZnO phan g voi
san pham qua trinh n mon gitp ting d6 bén cuia mang son.

Badng 3.14: Két qua xdc dinh gid tri cdc thanh phan dién tré va dién dung ciia

mang son PU—(GO), PU-(G—HT) va PU—-(G—Zn0) sau cac khodng thoi gian thur
nghiém ngam trong dung dich NaCl 3,5%, nhiét do 25 °C.

Thoi gian Rs Cc Rc Ca Rer
ngay Q.cm? F.s"/cm? Q.cm? F.s™/cm? Q.cm?
PU(GO)

1 434 2,6 x107° 9,5x10° 7,0 x 10711 0,3 x 10?

5 22,7 8,6 x 10710 1,6 x 10° 1,5x 1077 2,6 x 103

10 45,8 1,2x107° 1,2 x 104 7,8 x 107 3,8 x 10°

30 40,5 2,9 %1077 0,9 x 10° 5,6 x 107 3,4 x 10?
PU(G—HT)

1 120,2 1,2x107° 3,8 x 10° 1,3x1078 1,9 x 10?

5 195,6 4,4 %107 4,0 x 108 23x1078 1,4 x 10

10 228,8 1,8 <1078 1,9 x 103 1,4x1073 0,3 x 10?

30 220,7 2,1 x107° 0,4 x 103 1,2 x 1077 1,3 x10°
PU(G—ZnO)

1 46,5 1,1 x107° 2,4 x 106 0,1 x107° 0,7 x 107

5 166,1 0,4 %107 2,1 x 108 0,3x107° 43 x 103

10 162,8 1,8 x107° 1,7x10% 27,9 x107° 0,3 x 103

30 176,9 4,0 x 107 0,2 x 10% 0,4 x 107 0,3 x 10?

Bang 3.14 thé hién su thay doi dién tré mang Rc ciia cac mau theo thoi gian ngdm
cho thay, mang PU—(G—ZnO) c6 tong trd mang giam nhanh sau 5 ngay, cu thé, tong tré
mang thay dbi tir 2,4 x 10° Q.cm? giam dan 2,1 x 10% 1,7 x 10° va 0,2 x 10° Q.cm?
tuong ung sau 1, 5, 10 va 30 ngay.
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Rc ctia mang PU—(G—-HT) d4 ting nhe trong thoi gian dau, tir 3,8 x 10° Q.cm? (sau
1 ngay ngam) 1én dén 4,0 x 10° Q.cm? (sau 5 ngay ngam). Do 1a do co ché chéng an
mon cua vt liéu G-HT trén co sé kha ning trao dbi ion cua hydrotalcite dé bay CI-
ciing nhu bay dién tir cia graphene va lam giam sy dn mon ctia mdi truong [53]. Tuy
nhién, kha nang trao ddi ion CI™ cua vat lieu G-HT 1a c6 gi61 han. Do do, Rc ciia mang
PU—(G-HT) giam xudng 1,9 x 10° Q.cm? va sau d6 13 0,4 x 10> Q.cm? twong tmg sau
10 va 30 ngay.
3.4.2.2. Tinh chdt chong dn mon cia cdc composite G=HT/PAN va G—ZnO/PAN

trong mang son PU

Phé téng trd cua cic mang son PU—(G-HT/IPAN), PU—-(G-HT/2PAN) va

PU—(G-ZnO/2PAN) duogc theo doi ngam trong dung dich NaCl 3,5% theo thoi gian 1,
5, 10 va 30 ngay. Hinh 3.46 thé hién gian d6 Nyquist clia cAc mang trén sau thoi gian 1
ngay khdao sat ngam trong dung dich NaCl 3,5% & nhiét 6 25 °C.
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Hinh 3.46. Phé tong tré EIS thuc nghiém va mé hinh theo gidn do Nyquist ciia cdc
mau mang PU(G-HT/IPAN) (a), PU(G-HT/2PAN) (b) va PU(G—-ZnO/2PAN) (c) sau
1 ngay ngam mang trong dung dich NaCl 3,5% o nhiét do 25 °C.

Theo d6, gian d6 Nyquist cia mang PU—(G—HT/2PAN) chi ¢6 mdt cung & tan s6
cao, cho théy mang nay c6 do che chan tbt, dién tré do duoc cha yéu la dién tré cua

mang son c¢6 tinh chét cach dién. Trong khi d6 gian @ cia mang PU—(G-HT/1PAN) va
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PU—(G—ZnO/2PAN) c6 diu hiéu bit ddu cung thtr hai & ving tan s thap. Piéu nay cho
thly G-HT/IPAN va G-ZnO/2PAN phin tan trong nén PU kém hon so voi
G-HT/2PAN, tao nhiing khuyét tat trong cau tric 16p mang nén dung dich an mon dé
dang len 16i qua 16p mang. Tuy nhién, ban cung trén gian dd Nyquist clia mang
PU—(G-HT/2PAN) la ban cung hd, khong khép kin, nén mang PU-(G-HT/2PAN) van
chua dat kha niang che chin t6t. Do d6 ma so d6 ¢ Hinh 3.47 (d) van 1a mach dién phu
hop mé phong cu triic ciia ca ba miu mang trén. Nhu vdy, chi sau 1 ngdy ngim trong
dung dich NaCl 3,5%, dung dich dién ly da khuéch tan vao céu triic cac mau mang
PU—(G-HT/1PAN), PU-~(G-HT/2PAN) va PU-(G-ZnO/2PAN). Thanh phan dién hoa
clia cac mau mang thé hién & so d6 mach dién tuong dwong bao gdm dién tré mang Rc
mic ndi tiép v6i hé thdng dién tré 16p chuyén tiép Rer mic song song voi tu dién Cer,

toan bo hé théng nay song song véi tu dién Cc.
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Hinh 3.47. Pho tong tré EIS thuc nghiém va mé hinh theo gian dé Nyquist ciia
cdc mau mang PU(G—HT/IPAN) (a), PU(G-HT/2PAN) (b) va PU(G-ZnO/2PAN) (c)
sau 5 ngdy ngdm mang trong dung dich NaCl 3,5% & nhiét 25 °C va so do mach dién
twong duong (d).

Sau 5 ngdy ngdm mau trong dung dich NaCl 3,5%, gian dd Nyquist cia
PU-(G-HT/IPAN) va PU-(G-ZnO/2PAN) di c6 hai cung rd rang, cung thir nhat &
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ving tan s cao dic trung cho kha ning ngin cach cia mang, cung thir hai 1a qua trinh
dién hoa xay ra trén bé mit tiép xac gitra mang va nén kim loai. Gian dd Nyquist cta
mang PU-(G-HT/2PAN) van chi c6 mdt cung & ving tan s6 cao (Hinh 3.47), diéu nay
ching minh khi dung dich an mon xaAm nhap qua mang son dén tiép xtic v6i bé mat thép,
tai ddy da c6 xay ra phan ung dién héa hinh thanh 16p thu dong &c ché dn mon. Pong
thoi, PAN phan ng lién tuc véi cac e ty do chuyén ddi trang thai, lam giam tde do
phan tng hoa tan kim loai va hinh thanh 16p PAN-LE c6 d6 che chin cao. Diéu nay
ching to dung dich dn mon chua tiép can dén bé mit kim loai do PU(G-HT/2PAN) c6

murc do che chan cao.
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Hinh 3.48. Phé tong tré EIS thuc nghiém va mé hinh theo gidn do Nyquist ciia cdc
mdu mang PU(G-HT/IPAN) (a), PU(G-HT/2PAN) (b) va PU(G—ZnO/2PAN) (c) sau
30 ngay ngam mang trong dung dich NaCl 3,5% o nhiét 25 °C va so do mach dién
twong duwong (d).

Sau 30 ngdy ngadm mau, pho tong tré ctia ca ba miu mang déu c6 xu hudng giam
va hinh thanh hai cung rd rang (Hinh 3.48). Luc ndy, dung dich an mon da khuéch tan
qua 16p mang dén tiép xtic voi bé mit kim loai va tai day xay ra phan ng in mon. Gian
d6 Nyquist ctia mang PU-(G—HT/1PAN) va PU~(G—ZnO/2PAN) thé hién gi4 tri Z thap
hon va suy giam nhanh hon so vé6i gian d6 cia mang PU—(G-HT/2PAN), cho thiy mang
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PU-(G-HT/2PAN) ¢6 d¢ che chin tot hon hai mang con lai. Piéu nay ciing da dugc

chtrng minh bang goc tiép xuc ca giot nude trén bé mit 16p mang [53].

Déi voi mang PU-(G—ZnO/2PAN), co ché chdng dn mon luc nay duoc két hop

b6i co ché chong dn mon cua vat lidu lai héa G—ZnO va polyaniline. Theo dé, khi co

mit trong dung dich an mon, phan tir polyaniline s& chuyén tir trang thai EB sang trang

thai LE c6 tinh chat che chin tot. Sau 30 ngdy thi dudng Nyquist nay suy giam dang ké.
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Hinh 3.49. Phé tong tré EIS thuc nghiém va mé hinh theo gian do Bode ciia cdc mau
mang PU~G—-HT/IPAN) (a), PU-G-HT/2PAN) (b) va PU-G—-ZnO/2PAN) (c) thu
nghiém ngam trong dung dich NaCl 3,5% o nhiét do 25 °C.

Mang PU(G-HT/1PAN) c6 gian dd Bode suy giam theo thodi gian nhung chim

hon (Hinh 3.49). Sau 1 ngay ngdm mau, Z 100 miz clia mang khoang 2,0 x 107 Q.cm?. Sau

do, gia tri Zioo muz gidm dan theo thoi gian ngdm mau va Zioo muz clia mang tai thoi diém

sau 10 ngdy van dat xap xi 1,5 x 10° Q.cm? va dén ngay 30 thi con trén 2,0 x 10° Q.cm?.
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Gian d6 Bode cua mang PU—(G—HT/2PAN) va mang PU—(G—ZnO/2PAN) c6 su 6n
dinh véi gia tri cao trong 10 ngdy ngdm mau vdi Zioo mi, déu dat trén 107 Q.cm?. Dén
ngay 30, gian d6 Bode ciia ca hai mang déu giam nhanh v&i Z 100 mu dat trén 10° Q.cm?.
Diéu d6 cho thiy ca hai mang nay déu c6 kha nang bao vé thép CT3 t6t va PAN lam gia
tang tinh chat chéng an mon pht hop véi cac két qua di cong bd ctia nhom nghién ctru
David Loveday [111] va Antao Xu [112]. Do cac composite G—HT/2PAN va
G—ZnO/2PAN déu 1a c6 cdu tric tinh thé, kho hoa tan trong dung méi va khi phan tan
trong nén son van tao nhitng 16 xdp kich thudce vi sai. Vi vdy ma ca hai mang nay déu
van con gidi han, chua thé hién duoc hiéu qua bao v¢ lau dai.
Bang 3.15: Két qua xdc dinh gid tri cdc thanh phan dién tré va dién dung ciia

mang son PU—(G—HT/IPAN), PU—(G—HT/2PAN) va PU—(G—ZnO/2PAN) sau cdc
khoang thoi gian thur nghiém ngam trong dung dich NaCl 3,5%, nhiét do 25 °C.

Thoi gian Rs Cc Rc Cal Rer

ngay Q.cm? F.s"/cm? Q.cm? F.s™/cm? Q.cm?

PU(G-HT/1PAN)

1 165,1 40,0 x10°  12x107  1,6x10° 14107
5 185,9 1,2x10°  1,1x10°  1,9x 107" 8,0x 10*
10 204,8 41%x10°  80x10° 1,8x107  58x10°
30 200,2 1,4%107°  46x10*  57x10°  4,6x10°
PU(G-HT/2PAN)
1 163,5 24%x10°  1,6x100  52x10% 1,3 x10°
5 177,7 3,6x10°  89x10°  1,6x107  1,4x10°
10 199,7 2,5%x10°  46x106  1,1x107 49 x 10°
30 201,5 12x10°  02x10°  26x107  2,5x10°
PU(G-ZnO/1PAN)
1 25,1 3,9x10°  1,1x10° 13x10° 29x10°
5 46,1 3.9x10°  1,4x10°  0,1x10° 02 x 10
10 2125 55%x10°  1,4x10°  1.8x10° 1,0 x 10°
30 4472 3,110 14x10° 14x10°  3,1x103
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Két qua phan tich gian d6 Bode ctia cidc mau mang cho thay polyaniline ting cudng
tinh chat chdng dn mon ctia mang son PU nho co ché bao vé phuc tap, 1a su két hop cia
co ché che chin vat 1y, co ché giai phong chit (e ché mot cach c6 kiém soat [89, 113,
114], co ché bao vé cathode va co ché bao vé anode. Ddi véi co ché bao vé anode, su
thy dong ciia nén kim loai trong khi chat bi oxy héa tir polyaniline c6 thé dugc phuc hoi
theo phan ung (74-76).

1/n M + 1/m PAN-ES™ + y/n HO — 1/n M(OH);®¥* + 1/m PAN-LEB° + y/n H*(74)
m/4 O, + m/2 H,0 + PAN-LEB? — PAN-EB™ + m OH~ (75)
m/4 O+ m/2 H O+ me — m OH™ (76)

Bang 3.15 thé hién sy thay d6i dién tr& mang ctia cac mau theo thdi gian ngdm cho
thiy, mang PU(G-HT/1PAN) va mang PU(G-HT/2PAN) ¢ Rc cao hon va 6n dinh hon
mang PU(G-HT) nhd co ché chéng an mon cua polyaniline. Rc cua mang
PU(G-HT/1PAN) va mang PU(G-HT/2PAN) khong khac nhau nhiéu sau 1 ngdy ngam
mau. Rc cia mang PU(G-HT/1PAN) di giam lan luot tir 1,2x107; 1,1x105; 8,0x10° va
4,6x10* Q.cm? twong tmg véi 1, 5, 10 va 30 ngdy ngdm nuéc. Db véi mang
PU(G-HT/2PAN), Rc d3 giam nhe l1an luot tir 1,6x107; 8,9x10%; 4,6x10° va 0,2x10°
Q.cm?® twong Umg v6i 1, 5, 10 va 30 ngdy ngam.

3.4.2.3. Phdn tich tinh chdt cia cdc mang son theo thoi gian dwa trén gid tri tong

tro tai vung tan so thap Z100 mi:

Sy thay di ciia cac gia tri Zioomn. theo thoi gian do duoc trén cac mang PU—(GO),
PU-(G-HT), @ PU—(G-HT/1PAN), PU—(G-HT/2PAN), PU—~(G-ZnO) va
PU—(G—ZnO/2PAN) dugc thé hién & Hinh 3.50. Z100 mn. cia mang PU—(G—HT) d4 tang
tr 5,4x10% Q.cm? 1én 11,7x10° Q.cm? sau 5 ngdy ngam trong dung dich NaCl 3,5%
nhung sau d6, gia tri nay da giam xudng 0,4x10° va 3,5x10> Q.cm? thap nhat sau 10 va
30 ngay. Zioo mH, cua mang PU—(G-HT/1PAN) va mang PU—(G-HT/2PAN) tang so
v6i mang PU—(HG). Sau 1 ngay, Zioo mn, do dugc 1an luot 13 2,1x107 Q.cm? ddi véi
mang PU~(G-HT/1PAN) va 1,8x107 Q.cm? d6i v6i mang PU—(G-HT/2PAN). Sau 30
ngay, Zi0o miz 4 giam xudng con 2,0x10* Q.cm? dbi v6i mang PU-(G-HT/IPAN) va
3,9x10* Q.cm? d6i véi mang PU—(G-HT/2PAN).
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Tur nhitng két qua trén cho thdy, cic mang PU-(G-HT), PU-(G-HT/IPAN) va
PU—(G-HT/2PAN) c¢6 d6 bén tdt trong dung dich NaCl nhung chi thé hién trong thoi
gian sau 10 ngay. Sau do, tong tré mang giam dang ké sau 30 ngay thir nghiém. Murc do
suy giam ndy duogc so sanh giita tong tré mang sau 30 ngdy ngam so v6i 1 ngay ngam,
d6i voi mang PU—(G-HT) 1a 0,06%, mang PU—(G-HT/2PAN) la 2,14% va
PU—(G—HT/1PAN) chi con 0,98%.
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[ ' . ; ,
20,000,000 | J e ~-PU[G-HT/1Pan]
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Hinh 3.50. Tong tr6: Zi00 mu: ciia mang PU—(GO), PU—(G—HT), PU—(G-HT/IPAN),
PU—-(G—HT/2PAN), PU—(G—Zn0O) va PU—(G—ZnO/2PAN) theo thoi gian ngdm mau.

Trong thoi gian dau, tong tré mang PU—(G—ZnO/2PAN) cao hon ciia mang
PU—(G—ZnO) do ban chit cua vét liéu G-ZnO/PAN c6 PAN chuyén trang thai khi tiép
xUc v6i phan tir dién moi va san pham sinh ra tir phan (mg dn mon trén bé mat kim loai.
Nhung khi ngdm méu trong dung dich dn mon cang l4u thi tong trd mang suy giam, va
sau 30 ngay ngam thi tong tr& ciia ca hai miu mang nay déu kém so voi mang
PU—(G—-ZnO). Cu thé, mang PU—(G-ZnO/2PAN) ¢ Z100 mi thay ddi dan tir 10,2x105;
8,2x10%; 23,6x10° dén 113,8x10% Q.cm? twong tng sau 1, 5, 10 va 30 ngay ngam trong
dung dich NaCl 3,5%.

Mang PU—(G—ZnO) c¢6 tong trd sau 1 ngay ngdm trong dung dich dn mon 1a

13,6x10% Q.cm?. Sau d¢, tong tré mang giam dan va duy tri gia trj trong thoi gian dai
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ngam mau. Cuy thé, tong tré mang sau cic thoi gian ngdm lan lugt 1 2,1x105; 0,9%10°
va 1,0x10° Q.cm? tuwong mg 5, 10 va 30 ngay.

Két ludn: Tir nhitng két qua trén cho thiy, mang PU-(G-HT/2PAN) va mang
PU-(G—ZnO/2PAN) c6 do bén cao trong dung dich NaCl 3,5%. Tai thoi diém 10 ngay
ngam mau, tong trd mang van dat trén 107 Q.cm?, sau d6 tong tré mang giam va dat trén
10° Q.cm?. Piéu nay cho thay polyaniline di cai thién hiéu qua chdng dn mon cia
composite trong mang son tuy nhién dé dat hiéu qua sir dung 1au dai hon thi can nghién

ctru cdi thién khéa nang hoa tan cua composite dé€ phan tan vao mang son tot hon.

3.4.3. Co ché chong in mon ciia G-HT/PAN va G-ZnO/PAN trong mang son PU

3.4.3.1. Co ché chong an mon ciia G—HT va G—ZnO trong mang son PU

So v&i HT, vt liéu G-HT c6 hiéu suit chéng dn mon cao hon hin, nhd hiéu ung
cong hop gitra GO va 16p HT. Cac tim GO dugc sap xép khong c¢6 dinh huéng nhat
dinh trong mang son, Oz khé di qua 16p G-HT (Hinh 3.51). Két qua, phan tng cathode
tai bé mat phan cach kim loai/dung dich an mon dugc giam bdt mét cach hi¢u qua. GO
khir ¢6 ban chat 14 ky nudc voi d6 xdp cao va ning luong bé mit thap, khong khi dé
dang phan tan vao cic 16 nano hoat dong nhu mot loai rao can khuéch tan khac ddi véi
nuée do sy tiép xuc tbi thiéu giita bé mat graphene va cac giot nude. Do do, nudc kho
khuéch tan qua 16p G-HT do hé s6 khuéch tan thap. Ngoai ra, cdu triic tim ctia GO trong

vat liéu G-HT c6 thé 1am ting d6 ngodn ngoéo ctia dudng khuéch tan Oz va H»O.

khuéch tan

- Cac tdm graphene oxide (GO)

Vat liéu lai hoa graphene oxide - LDH (G-HT)

Hinh 3.51. Co ché irc ché an mon cua vit lidu lai héa G—HT va G—ZnO.

Dic trung khir ion CI 14 tinh chat quan trong cho co ché chdng dn mon riéng cia

vat liéu G-HT. Trong qua trinh khuéch tan ion Cl- qua mang son, thuong tao ra cac
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dudng nut va 10 trén bé mat phim. Kha nang khir ion Cl” dugc cho 1a do luc déy tinh
dién giita cc ion CI” mang dién tich Am va cdc nhom chuc chira nguyén t6 O tich dién
am & cac canh ctia GO khtr. Co ché khir Donnan thich hgp dé giai thich hiu suét tir ch6i
clia cac tAm nano tich dién [103]. Theo 1y thuyét khir Donnan, ndng d6 ion CI™ c6 trong
vat liéu G-HT thép hon nhiéu so véi trong dung dich an mon. Khi dung dich an mon di
qua mang, cac ion CI” bi khir do thé Donnan. Do d6, nong d6 ion CI- ¢6 thé giit & mirc
t6i thiéu tai bé mat phan cach kim loai/mang son chira G-HT. Cac k& hd va vét rd an
mon dugc ngan chdn mdt cach hi€u qua.

Tém lai, co ché chéng an mon ndi bat cia G-HT dugce hinh thanh tir bon co ché:
che chén, tinh ky nudc, ting do ngoan nghéo cia duong khuéch tan va luc ddy tinh dién.
Tuong tu, cac tim G—ZnO d tao luong 16n cac rao can trong cac 16p phu, kéo dai dang
ké dudng khuéch tan cta cac phuong tién dn mon nhu Oz va cac ion CI. Kha nang dan
dién cua graphene d thay doi cac dac tinh dién ctia sy phan bd ZnO trong cac 16p. Nhu
vay, G—ZnO da cai thién duong truyén dién tur gitra k€m va sit, va bao vé cathode.

3.4.3.2. Co ché chong dan mon ciia composite G—HT/PAN va G—ZnO/PAN

Tir nhitng quan sat va phéan tich ¢ trén, co ché chéng in mon cia miu mang
PU(G-HT), PU(G-HT/PAN), PU(G-ZnO) va PU(G-ZnO/PAN) c6 thé duoc thao luan
tir cac khia canh khac nhau. Ca GO va PAN déu c6 co ché hang rao bao vé co thé kéo
dai duong khuéch tan cua dung dich NaCl 3,5% va giam téc do khuéch tan e~ tir moi
truong an mon dén nén thép. Trong khi GO ¢6 céu tric tim 16n tao ra hang rao bao vé
vat ly, thi co ché hang rao cua polyaniline lai phirc tap hon. Sy c6 mat cia G-HT,
G—ZnO va ca cac composite G-HT/PAN va G-ZnO/PAN giup cac 16p mang chdng in
mon t6t hon véi cac co ché nhu sau:

— Duy tri dugc mirc can bang giita phan mg oxy hoéa va phan ung khir cta

polyaniline theo phuong trinh phan tng (77);

(77)

— Sy phan bd ddng déu cua polyaniline hinh thanh cac 16p thu dong dong nhit trén

bé mit thép;
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— Han ché sy xam nhap va kéo dai dudng khuéch tan ciia cac phan tir nudc va oxy
qua l6p mang;

— Tang cudng mirc d6 6n dinh co hoc va do bam dinh cua 16p mang cia néd voi
nén thép.

Ngoai ra, tinh chat chéng an mon cia G-HT/PAN va G—ZnO/PAN chu yéu la do
co ché bao vé anode cua polyaniline [89]. Lép phi PU(G-HT/PAN) va
PU—(G-ZnO/PAN) bao vé thép nho ca kha ning ngin can va che chin cta composite.
Phén g d6 1 phan tng chuyén d6i polyaniline khi nhan e~ va chuyén tir trang thai ES
sang LS va 16p polyaniline—LS khi tiép xtac véi O bé mit nén son s& chuyén tir trang
thai LS sang ES [80]. Vi vay, sau khi hinh thanh 16p thy dong bé mat, cac e lién tuc
duoc chuyén ra méi trudng bén ngoai, do d6 ngin duoc phan tng dn mon xay ra [115].

Bén canh d6, G-HT va G-HT/PAN c6 thé kiém soat toc d6 phan Gmg an mon do
kha ning trao ddi ion ctia ca polyaniline va G-HT. Do d6, CI" tir sw khuéch tan cta dung
dich &n mon va e tao ra tir phdn rng dn mon tai bé mat kim loai c6 thé bi giir lai trong
cdu trac cia G-HT va dic biét 14 polyaniline, tir d6 chudi phan tng oxy hoéa—khir ciia
polyaniline s& xay ra lién tuc va hinh thanh co ché bao vé anode.

Theo mé phong co ché chong an mon ciia G-HT/PAN nhu ¢ Hinh 1.20, mang son
bao vé thép nho kha ning che chin ciia composite, giam toc d6 khuéch tan e~ tir moi
truong dén nén thép, va ca phan tng dién hoa xay ra ngay tai mang son. Phan tmg d6 1a
phan tng chuyén hoa ctia polyaniline khi tiép nhan e~ chuyén hoa tir trang thai ES sang
LS, va 16p polyaniline—LS tiép xtic voi O bé mit nén son s& chuyén hoa tir trang thai LS
sang ES. Nho d6 ma sau khi hinh thanh 16p thy dong bé mit, e~ lién tuc duoc chuyén ra

moi trudong ngoai, va han ché dugc phan irng &n mon xay ra.
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KET LUAN
Qua thoi gian nghién ctru, ching t6i da tién hanh nghién ciru tong hop céc vt liéu,
phan tich tinh chit chdng dn mon ciia cac vat liéu nghién ciru va nghién ctru st dung cac
vat liéu tong hop duoc vao mang son che phi bao vé nén thép CT3. Ludn an nay da
hoan thanh cdc myc tiéu nghién ctru véi cac két qua chinh nhu sau:

1. Vit liéu GO téng hop dugc co cAu tric tim véi kich thude trong khoang 1-10
um, do day tdm trong khoang 10—100 nm. GO c¢6 kha ning hap thy UV véi cuong do
hap thu cuc dai tai budc song 248 nm. Pbi véi thép trong dung dich NaCl 3,5%, GO
hép phu trén bé mat thép, ngan chan phan rng an mon dat hiéu suat dén 77,48%, véi
ndéng d6 phan tan 1 mg/mL. Cac mang son PU c6 phan tan GO va phu trén thép CT3
cho hiéu suit chéng an mon ting dan v6i ham luong GO dudi 0,5%. Kha ning bao vé
thép giam di ddi v6i mang PU c6 phan tan GO tir 0,5% trd 1én, béi anh huong cua do
phan tan GO trong nén PU dén tinh chat chéng dn mon ciia mang.

2. Vat liéu lai héa G-HT téng hop duogc co cAu tric vay tinh thé cua hydrotalcite
lién két chat ché véi cac tam GO. Bang phuong phéap ton hao khéi luong dé nghién ctru
cac yéu td anh huong dén hiéu qua chéng an mon cua nhoém vat liéu G-HT, vat li€éu
G—20HT (ti 18 myr/mco = 20/1) ¢6 hidu qua chéng an mon thép CT3 tdt nhat 1a 68,58%,
vOinong d6 1 g/L trong dung dich NaCl 3,5%, va sau 5 ngay khao sat. Két qua nghién
ctru tinh chat chdng dn mon bang phuong phap dién hoa cho thiy Ecor clia dién cuc thép
trong dung dich NaCl chira G-20HT c¢6 gia tri duong hon 1a Ecorr = =496 mV agagcrkcl
(Eorr = —802 mV agagcrkcr), mat dd dong dn mon icor = 7,77 pA/cm?, va hiéu suit chong
an mon kim loai dat 71,96%.

3. Vat liéu lai hdoa G—ZnO c¢b cAu trac tinh thé ZnO lién két chat ché vai cac tAm
GO. Két qua nghién ctru chéng an mon bang phuong phap ton hao khéi luong cho thiy,
vat liéu G-20ZnO c6 hiéu suit chéng an mon thép CT3 1a 69,7%. Phan tich dién cuc
thép trong dung dich NaCl chtra G-20ZnO c6 Ecorr = =658 mV agagcikcl, mat do dong
an mon icorr = 6,71 pA/cm? va hiéu qua chéng an mon kim loai la 75,78%.

Nhu véy, ca hai vat liéu lai héa G-20HT va G—20ZnO déu c6 thé hién dugc tinh

chat chéng an mon ddi vai thép CT3 dat hiéu suat chdng dn mon twong duwong nhau.
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Tuy nhién, vat liéu G-20HT dugc danh gia c6 hiéu qua hon do thé dn mon do trén dién
cuc thép trong dung dich NaCl ¢c6 G-20HT cao hon so v&1 G—20ZnO.

4. Pa tong hop duoc composite G-HT/PAN véi cac dic trung cau trac va tinh chat
d3 duogc phan tich bang mot sé phuwong phéap hién dai c6 do tin ciy cao. Két qua nghién
ctru ton hao khéi lugng do dn mon cho thay, G-HT/2PAN c¢6 hiéu suit chdng dn mon
thép cao nhat 1a 91,4%. G-HT/2PAN duoc chimg minh 1a chat (rc ché anode véi cac
thong sb dién hoa do trén dién cuc thép ngdm trong dung dich an mon c6 G-HT/2PAN
18 Ecorr = =382 mV agagcikcr (gid tri dwong hon so voi Ecorr ctia dién cuc trong dung dich
NaCl), va mat d6 dong dién icor = 1,25 pA/cm?, hiéu sudt chong an mon dat 95,49%.

5. P tong hop duge composite G-ZnO/2PAN va phan tich dic trung cdu trac va
tinh chét hoa ly. Két qua nghién ciru cho thly G-ZnO/2PAN ciing c6 vai tro 1a chat tc
ché anode véi cac thong sé dién hoa do trén dién cuc thép trong dung dich dn mon c6
G-ZnO/2PAN 13 Ecorr = =532 mV ag/agcikcl, mat d6 dong icorr = 4,73 pA/cm?, hiéu suét
chéng an mon dat 82,93%.

So voi G-HT/2PAN thi G-ZnO/2PAN c¢6 hiéu qua chéng dn mon kém hon, nguyén
nhan do G-HT/2PAN c6 co ché chéng an mon 14 co ché cong hop bao gdm co ché che
chan, bao vé anode, co ché hinh thanh 16p bao vé polyaniline—LE nh¢ hiéu tng chuyén
trang thai ciia PAN va ndi bat hon hét 1a co ché trao ddi anion cia G-HT d4 giir cac ion
CI" trong cAu trac, han ché sy tham nhap va tiép xtc cua Cl™- dén bé mat kim loai.

6. Dé nghién ctru tinh chit chdng n mon cua cac vat lidu tong hop dugce trong mang
son PU thi ludn &an nay da thuc hién ché tao cic mau mang PU—(G-HT),
PU—(G-HT/1PAN), PU-(G-HT/2PAN), PU-(G—ZnO), PU-(G—ZnO/2PAN) va khao
sat cac tinh chit mang son trén nén thép. Két qua thir nghiém mu mudi cho thdy mang
PU—(G-HT/2PAN) cho hiéu qua bao vé thép tot nhat. Két qua phan tich dién hoa mang
PU—(G-HT/2PAN) v&i Zioomi, 1an luot 1a 18,0x10°; 13,0x10% 12,6x10° va 386,5x10°
Q.cm? twong tng sau 1, 5, 10 va 30 ngay ngam trong dung dich NaCl 3,5%. Mang
PU—(G—ZnO/2PAN) véi Zioom 1an lugt 12 10,2x105; 8,2x10% 23,6x10° dén 113,8x10°
Q.cm? twong tng sau 1, 5, 10 va 30 ngay ngam trong dung dich NaCl 3,5%. Diéu nay
cho thay hiéu qua bao vé thép tot nhung can c6 nhitng bién tinh nhdm cai thién mang

t6t hon, kéo dai thoi gian sir dung. Nhirng co ché chdng an mon thép CT3 trong dung
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dich NaCl 3,5% cua cac vat liéu téng hop cling da dugc xac dinh, cling nhu cac co ché
hoat dong bao v¢ thép CT3 cua cac vat liéu nay khi dugc st dung trong mang son

polyurethane.



133

DANH MUC CAC CONG TRINH KHOA HOQC LIEN QUAN

PEN LUAN AN PA PUQC CONG BO

Tran Bdi An, Pham Minh Vuong, Phan Thanh Thao, Nguyén Thuy Duong, Trinh
Anh Truac, Té Thi Xuan Hang (2016), “Nghién citu dnh hwéng ciia graphen oxide dén
kha ning bdo vé chéng dn mon ciia l6p phii epoxy”, Tap chi Hoa hoc, ISSN:
0866—7144, 54(6E1), pp. 119.

Thuy Duong Nguyen, Boi An Tran, Ke Oanh Vu, Anh Son Nguyen, Anh Truc
Trinh, Gia Vu Pham, Thi Xuan Hang To, Minh Vuong Phan, Thanh Thao Phan (2017),
Sustainable corrosion inhibitor based on hydrotalcite/graphene oxide nanohybrid for
organic coatings, The 6th Asian Symposium on Advanced Materials: Chemistry,
Physics and Biomedicine of Functional and Novel Materials — Proceeding.

Thuy Duong Nguyen, Boi An Tran, Ke Oanh Vu, Anh Son Nguyen, Anh Truc
Trinh, Gia Vu Pham, Thi Xuan Hang To, Minh Vuong Phan, Thanh Thao Phan (2019),
Corrosion protection of carbon steel uisng hydrotalcite/graphene oxide nanohybrid,
Journal of Coating Technology and Research (ISSN 1945-9645), 16, pp. 585—595.
D0i:10.1007/s11998—-018—0139-3

Boi_An Tran, Thi Xuan Hang To, Thanh Thao Phan (2019), Preparation of
nanocomposite PAN@GO—HT via dirrectly polymerization from aniline, The 7"
International Workshop on Nanotechnology and Application IWANA 2019.

Nguyen Thuy Duong, Tran Boi An, Vu Ke Oanh, Pham Gia Vu, Phan Thanh
Thao, To Thi Xuan Hang (2020), Degradation of polyurethane coating containing
graphene oxide under effect of UV radiation, Vietnam Journal of Chemistry, 58 (3),
pp- 333—337. Doi: 10.1002/vjch.2019000179.

Nguyen Thuy Duong, Tran Boi An, Phan Thanh Thao, Vu Ke Oanh, Trinh Anh
Truc, Pham Gia Vu, To Thi Xuan Hang (2020), Corrosion protection of carbon steel
by polyurethane coatings containing graphene oxide, Vietnam Journal of Chemistry,
58 (1), pp. 108—112. Doi: 10.1002/vjch.2013000150.

Boi An Tran, Huynh Thanh Linh Duong, Thi Xuan Hang To, and Thanh Thao
Phan (2021), Synthesis and characterization of polyaniline—hydrotalcite—graphene
oxide composite and application in polyurethane coating, RSC Advances, 11, pp.

31572-31582. Doi: 10.1039/D1RA04683G.



134

Cac cong trinh khoa hoc nghién ciru mé réng

Nguyen Thuy Duong, Tran Boi An, Phan Thanh Thao, Nguyen Anh Son, Vu Ke
Oanh, Trinh Anh Truc, To Thi Xuan Hang (2017), Corrosion inhibition of carbonsteel
by ldh/go hybrid intercalated with 2—benzothiazolythio—succinic acid, Vietnam
Journal of Science and Technology 55(5B), pp. 119—-125.

Thuy Duong Nguyen, Boi An Tran, Thanh Thao Phan, Anh Son Nguyen, Ke
Oanh Vu, Anh Truc Trinh, Thi Xuan Hang To, Marie—Georges Olivier (2018),
Influence of graphene oxide on the corrosion inhibition effect of hydrotalcite loaded
with 2—benzothiazolythiosuccinic acid, Vietnam Journal of Science and Technology,
56 (3B), pp. 19—26. Doi: 10.15625/2525-2518/56/3B/12782

Tran Bdi An, Pham Thi Kim, Nguyén Xuan Diing, Nguyén Thi Dung, Phan Thanh
Thao (2018), Nghién ciru diéu ché vit liéu hip phu nanocomposite hydroxide I6p
kép/graphen oxide va qud trinh hdp phu methyl da cam, Tap chi Hoa hoc, 56 (3E12).

Thuy Duong Nguyen, Boi An Tran, Thanh Thao Phan, Ke Oanh Vu, Anh Son
Nguyen, Tuan Anh Nguyen, Thi Xuan Hang To (2020), Modification of graphene oxide
by curcumin and application in polyurethane coating, Vietnam Journal of Science and
Technology 58(3), pp. 274—281.

Thuy Duong Nguyen, Anh Son Nguyen, Boi An Tran, Ke Oanh Vu, Dai Lam
Tran, Thanh Thao Phan, Nico Scharnagl, Mikhail L. Zheludkevich, Thi Xuan Hang To
(2020), Molybdate intercalated hydrotalcite/graphene oxide composite as corrosion
inhibitor for carbon steel, Surface and Coatings Technology, 399. Doi:
10.1016/j.surfcoat.2020.126165



135

TAI LIEU THAM KHAO
[1] T.X.Sén (2008), An mon and Bdo vé Kim loai, NXB Pai hoc Qudc gia Ha Noi.
[2] T.N. Lién (2004), An mon and bdo vé kim logi, NXB Khoa hoc ky thuat.
[3] H. Leidheiser, W. Wang and L. Igetoft (1983), The mechanism for the cathodic
delamination of organic coatings from a metal surface, Prog. Org. Coatings, 11 (1), pp.
19-40.
[4] S.R. Taylor (2001), Coatings for corrosion protection: Organic, Encyclopedia of
Materials: Science and Technology, pp. 1263—1269.
[5] D. A.Jones (1996), Principles and prevention of corrosion, Prentice Hall, Upper
Saddle River, New Jersey.
[6] L. L. Shreir, R. A. Jarman and G. T. B. T.-C (1994), Corrosion: Introduction
(Third edition), Oxford: Butterworth—Heinemann.
[71 S. H. Griafen H., Horn E.M., Schlecker H. (2000), Corrosion, Ullmann’s
Encyclopedia of Industrial Chemistry, Wiley—VCH Verlag GmbH & Co. KGaA.
[8] T.C.D.and M. P. (2015), Molecular modeling of corrosion processes: scientific
development and engineering applications, Wiley Online Library.
[9] V. S. (2011), Green corrosion inhibitors: Theory and practice, Wiley Online
Library.
[10] C. Lee, X. Wei, J. W. Kysar and J. Hone (2008), Measurement of the elastic
properties and intrinsic strength of monolayer graphene, Science, 321 (5887), pp. 385—
388.
[11] T. Kuilla, S. Bhadra, D. Yao, N. H. Kim and S. Bose (2010), Recent advances in
graphene based polymer composites, Prog. Polym. Sci., 35 (11), pp. 1350-1375.
[12] K. Raidongia, A. T. L. Tan and J. Huang (2014), Chapter 14 - Graphene oxide:
Some new insights into an old material (Second E. lijima, Eds.), Oxford: Elsevier, pp.
341-374.
[13] S. Stankovich, D.A. Dikin, R.D. Piner, K.A. Kohlhaas and A. Kleinhammes
(2007), Synthesis of graphene-based nanosheets via chemical reduction of exfoliated
graphite oxide, Carbon N. Y., 45 (7), pp. 1558-1565.



136

[14] A. T. Smith, A. M. LaChance, S. Zeng, B. Liu and L. Sun (2019), Synthesis,
properties, and applications of graphene oxide/reduced graphene oxide and their
nanocomposites, Nano Mater. Sci., 1 (1), pp. 31-47.

[15] W.S. Hummers and R. E. Offeman (1958), Preparation of graphitic oxide, J. Am.
Chem. Soc., 80 (6), pp. 1339.

[16] S.Pourhashem, M. R. Vaezi, A. Rashidi and M. R. Bagherzadeh (2016), Exploring
corrosion protection properties of solvent based epoxy—graphene oxide nanocomposite
coatings on mild steel, Corros. Sci., 115, pp. 78-92, 2017.

[17] F.Jiang, W. Zhao, Y. Wu, J. Dong, K. Zhou and G. Lu (2019), Progress in organic
coatings anti—corrosion behaviors of epoxy composite coatings enhanced via graphene
oxide with different aspect ratios, Prog. Org. Coatings, 127, pp. 70-79.

[18] F. A. Ghauri, M. A. Raza, M. S. Baig and S. Ibrahim (2017), Corrosion study of
the graphene oxide and reduced graphene oxide—based epoxy coatings, Mater. Res.
Express, 4 (12), pp. 125601.

[19] H. Di, Z. Yu, Y. Ma, C.Zhang and F. Li (2016), Corrosion—resistant hybrid
coatings based on graphene oxide—zirconia dioxide/epoxy system, J. Taiwan Inst. Chem.
Eng., 67, pp. 511-520.

[20] X. Lv, Z. Li, N. Li, H. Zhang and Y.Z. Zheng (2019), ZrO: nanoparticle
encapsulation of graphene microsheets for enhancing anticorrosion performance of
epoxy coatings, Surf. Coatings Technol., 358, pp. 443-451.

[21] H. Yuan, F. Qi, N. Zhao, P. Wan, B. Zhang and H. Xiong (2020), Graphene oxide
decorated with titanium nanoparticles to reinforce the anti—corrosion, Coatings, 10 (2),
pp. 129.

[22] R. M Y and C. Srivastava (2019), Microstructure and corrosion properties of
zinc—graphene oxide composite coatings, Corros. Sci., 152, pp. 234-248.

[23] X.-Z.Xue, J.-Y. Zhang, D. Zhou and J.-K. Liu (2019), In—situ bonding technology
and excellent anticorrosion activity of graphene oxide/hydroxyapatite nanocomposite
pigment, Dye. Pigment., 160, pp. 109-118.

[24] J. L, J. Cui, J. Yang, Y. Ma, H. Qiu and J. Yang (2016), Silanized graphene oxide
reinforced organofunctional silane composite coatings for corrosion protection, Prog.

Org. Coatings, 99, pp. 443-451.



137

[25] P. Haghdadeh, M. Ghaffari, B. Ramezanzadeh, G. Bahlakeh and M. R. Saeb
(2018), The role of functionalized graphene oxide on the mechanical and anti-corrosion
properties of polyurethane coating, J. Taiwan Inst. Chem. Eng., 86, pp. 199-212.

[26] A. Ahmadi, B. Ramezanzadeh and M. Mahdavian (2016), Hybrid silane coating
reinforced with silanized graphene oxide nanosheets with improved corrosion
protective performance, RSC Adv., 6 (59), pp. 54102-54112.

[27] Y. Ye, D. Zhang, T, Liu, Z. Liu, W. Liu and J. Pu (2019), Improvement of
anticorrosion ability of epoxy matrix in simulate marine environment by filled with
superhydrophobic POSS—GO nanosheets, J. Hazard. Mater., 364, pp. 244-255.

[28] C. Chen, Y. He, G. Xiao, F. Zhong and H. Li (2019), Syneristic effect of graphene
oxide@phosphate-intercalated hydrotalcite for improved anti-corrosion and self-
healable protection of waterborne epoxy coating in salt environments, J. Mater. Chem.
C, 7 (8), pp. 2318-2326.

[29] J. Li, Q. Feng, J. Cui, Q. Yuan, H. Qiu, S. Gao and J. Yang (2017), Self—assembled
graphene oxide microcapsules in Pickering emulsions for self—healing waterborne
polyurethane coatings, Compos. Sci. Technol., 151, pp. 282—290.

[30] K.Y. Chen, Y.S. Lai, J.K. You, K.S. Santiago and J.M. Yeh (2019), Effective
anticorrosion coatings prepared from sulfonated electroactive polyurea, Polymer
(Guildf)., 166, pp. 98-107.

[31] G. Grundmeier, W. Schmidt and M. Stratmann (2000), Corrosion protection by
organic coatings: Electrochemical mechanism and novel methods of investigation,
Electrochim. Acta, 45, pp. 2515-2533.

[32] H. Lu, S. Zhang, W. Li, Y. Cui and T. Yang (2017), Synthesis of graphene oxide-
based sulfonated oligoanilines coatings for synergistically enhanced corrosion
protection in 3.5% NaCl solution, ACS Appl. Mater. Interfaces, 9 (4), pp. 4034-4043.
[33] Q. Zhu, E. Li, Z. Liu, W. Song, Y. Li, Z. Wang an C. Liu (2020), Epoxy coating
with in—situ synthesis of polypyrrole functionalized graphene oxide for enhanced
anticorrosive performance, Prog. Org. Coatings, 140, pp. 105488.

[34] S. Qiu, W. Li, W. Zheng, H. Zhao and L. Wang (2017), Synergistic effect of
polypyrrole-intercalated graphene for enhanced corrosion protection of aqueous

coating in 3.5% NaCl solution, ACS Appl. Mater. Interfaces, 9 (39), pp. 34294-34304.



138

[35] Y. Xie, C. Liu, W. Liu, L. Liang and S. Wang (2020), 4 novel approach to
fabricate polyacrylate modified graphene oxide for improving the corrosion resistance
of epoxy coatings, Colloids Surfaces A Physicochem. Eng. Asp., 593, pp. 124627.

[36] Y.H. Yu, Y.Y. Lin, CH. Lin, C.C. Chan and Y.C. Huang (2014),
High—performance polystyrene/graphene—based nanocomposites with excellent anti-
corrosion properties, Polym. Chem., 5 (2), pp. 535—550.

[37] Z. Sharifi, M. Pakshir, A. Amini and R. Rafiei (2019), Hybrid graphene oxide
decoration and water—based polymers for mild steel surface protection in saline
environment, J. Ind. Eng. Chem., 74, pp. 41-54.

[38] S. Pourhashem, E. Ghasemy, A. Rashidi and M. Vaezi (2020), 4 review on
application of carbon nanostructures as nanofiller in corrosion—resistant organic
coatings, J. Coatings Technol. Res., 17, pp. 19-55.

[39] N. Wang, H. Gao, J. Zhang, L. Li, X. Fan and X. Diao (2019), Anticorrosive
waterborne epoxy (EP) coatings based on sodium tripolyphosphate—pillared layered
double hydroxides (STPP—LDHs), Prog. Org. Coatings, 135, pp. 74-81.

[40] D. Alvarez, A. Collazo, M. Hernandez, X. R. Novoa and C. Pérez (2010), Progress
in organic coatings characterization of hybrid sol — gel coatings doped with
hydrotalcite-like compounds to improve corrosion resistance of AA2024-T3 alloys,
Prog. Org. Coat., 68, pp. 91-99.

[41] H. Hayatdavoudi and M. Rahsepar (2017), Smart inhibition action of layered
double hydroxide nanocontainers in zinc—rich epoxy coating for active corrosion
protection of carbon steel substrate, J. Alloys Compd., 711, pp. 560-567.

[42] M. L. Zheludkevich, S.K. Poznyak, L.M. Rodrigues, D.Raps and T. Hack (2010),
Active protection coatings with layered double hydroxide nanocontainers of corrosion
inhibitor, Corros. Sci., 52 (2), pp. 602—611.

[43] S. P.V.Mahajanam (2005), Application of hydrotalcite as corrosion inhibiting
pigment in organic coating, Ph.D thesis - The Ohio State University, Dissertation
Abstracts Internaional, 66—-06 (B), pp. 3357.

[44] D. Li, F. Wang, X. Yu, J. Wang and Q. Liu (2011), Anticorrosion organic coating
with layered double hydroxide loaded with corrosion inhibitor of tungstate, Prog. Org.
Coatings, 71 (3), pp. 302-309.



139

[45] J. Carneiro, A.F. Caetano, A. Kuznetsova, F. Maia and A.N Salak (2015),
Polyelectrolyte—modified layered double hydroxide nanocontainers as vehicles for
combined inhibitors, RSC Adv., 5, pp. 39916-39929.

[46] S. Chhetri, P. Samanta, N. Murmu and T. Kuila (2019), Anticorrosion properties
of epoxy composite coating reinforced by molybdate—intercalated functionalized
layered double hydroxide, J. Compos. Sci., 3 (1), pp. 11.

[47] T.T.X.Hang, N. T. Duong, T.A. Truc, T. Hoang and A. Boonplean (2015), Effects
of hydrotalcite intercalated with corrosion inhibitor on cathodic disbonding of epoxy
coatings, J. Coatings Technol. Res., 12 (2), pp. 375-383.

[48] T. T. X. Hang, T. A. Truc, N. T. Duong, N. Pébére and M.-G. Olivier (2012),
Layered double hydroxides as containers of inhibitors in organic coatings for corrosion
protection of carbon steel, Prog. Org. Coatings, 74 (2), pp. 343-348.

[49] Y. Su, S. Qiu, D. Yang, S. Liu and H. Zhao (2020), Active anti—corrosion of epoxy
coating by nitrite ions intercalated MgAl LDH, J. Hazard. Mater., 391, pp. 122215.
[50] S. P. Lonkar, J. M. Raquez and J. R. P. Dubois (2015), One-pot microwave-
assisted synthesis of graphene/layered double (LDH) nanohybrids, Nano-Micro Lett., 7
(4), pp- 332-340.

[51] A. R. Deip, D.A. Leal, G.H. Sakae, F. Maia and M.A.C. Berton (2020),
Performance of commercial LDH traps for chloride ion in a commercial corrosion
protection primer for petrochemical industry, Corros. Eng. Sci. Technol., 55 (1), pp.
66-74.

[52] M. Li, J.E. Zhu, L. Zhang, Z. Chen and H.Zhang (2011), Facile synthesis of NiAl-
layered double hydroxide/graphene hybrid with enhanced electrochemical properties
for detection of dopamine, Nanoscale, 3 (10), pp. 4240-4246.

[53] P. Lu, S. Liang, T. Zhou, Z. mei and Y. Zhang (2016), Layered double
hydroxide/graphene oxide hybrid incorporated polysulfone substrate for thin-film
nanocomposite forward osmosis membranes, RSC Adv., 6 (61), pp. 56599-566009.

[54] W. Yang, Y. Xia, X. Liu, J. Yang and Y. Liu (2018), Layered double
hydroxides/reduced graphene oxide nanocomposites with enhanced barrier properties,

Polym. Compos., 39 (11), pp. 3841-3848.



140

[55] N. Hong, L. Song, B. Wang, A.A. Stec and T.R. Hull (2014), Co—precipitation
synthesis of reduced graphene oxide/NiAl-layered double hydroxide hybrid and its
application in flame retarding poly(methyl methacrylate), Mater. Res. Bull., 49, pp.
657-664.

[56] W. Sun, T. Wu, L. Wang, C. Dong and G. Liu (2019), Controlled preparation of
MgAl-layered double hydroxide/graphene hybrids and their applications for metal
protection, Ind. Eng. Chem. Res., 58 (36), pp. 16516-16525.

[57] X. Luo, S. Yuan, X. Pan, C. Zhang, S. Du and Y. Liu (2017), Synthesis and
enhanced corrosion protection performance of reduced graphene oxide nanosheet/ZnAl
layered double hydroxide composite films by hydrothermal continuous flow method,
ACS Appl. Mater. Interfaces, 9 (21), pp. 18263—18275.

[58] M. Hosseini—Sarvari (2013), Catalytic organic reactions on ZnQO, Current Organic
Synthesis, 10 (5), pp. 697-723.

[59] P. A. Rodnyi and 1. V Khodyuk (2011), Optical and luminescence properties of
zinc oxide (Review), Opt. Spectrosc., 111 (5), pp. 776-785.

[60] R. C. de Souza, L. U. Haberbeck, H. G. Riella, D. H. B. Ribeiro and B. A. M.
Carciofi (2019), Antibacterial activity of zinc oxide nanoparticles synthesized by
solochemical process, Brazilian J. Chem. Eng., 36, pp. 885-893.

[61] P. Popoola and O. S. I. Fayomi (2011), ZnO as corrosion inhibitor for dissolution
of zinc electrodeposited mild steel in varying HCI concentration, Mater. Sci., 6 (10), pp.
2447-2454.

[62] P. Salazar-Bravo, D.D. Angel-Lopez, A.M. Torres-Huerta, M.A. Dominguez-
Crespo and D. Palma-Ramirez (2019), Investigation of ZnO/waterborne polyurethane
hybrid coatings for corrosion protection of AISI 1018 carbon steel substrates, Metall.
Mater. Trans. A, 50 (10), pp. 4798-4813.

[63] R. H. Al-Dahiri (2020), The application of zinc oxide nanoparticles as an eco—
friendly inhibitor for steel in acidic solution, Int. J. Electrochem. Sci., 15, pp. 442-457.
[64] J. Zhang, Y. Li, C. Hu, W. Huang and L. Su (2019), Anti—corrosive properties of
waterborne polyurethane/poly(o—toluidine) —ZnO coatings in NaCl solution, J. Adhes.
Sci. Technol., 33 (10), pp. 1047—1065.



141

[65] T. O. Siyanbola, K. Sasidhar, B.V.S.K. Rao, R. Narayan and O. Olaofe (2015),
Development of functional polyurethane—ZnQO hybrid nanocomposite coatings from
thevetia peruviana seed oil, J. Am. Oil Chem. Soc., 92 (2), pp. 267-275.

[66] G. M. Al-Senani (2020), Synthesis of ZnO—NPs using a convolvulus arvensis leaf
extract and proving its efficiency as an inhibitor of carbon steel corrosion, Mater.
(Basel, Switzerland), 13 (4), pp. 890.

[67] M. Ibrahim, K. Kannan, H. Parangusan, S. Eldeib and O. Shehata (2020),
Enhanced corrosion protection of epoxy/ZnO—NiO nanocomposite coatings on steel,
Coatings, 10 (8), pp. 783.

[68] P.Karthikeyan, M. Malathy and R. Rajavel (2017), Poly(o—phenylenediamine—co—
aniline)/ZnO coated on passivated low nickel stainless steel, J. Sci. Adv. Mater.
Devices, 2 (1), pp. 86-92.

[69] G. Christopher, M. Anbu Kulandainathan and G. Harichandran (2015), Highly
dispersive waterborne polyurethane/ZnO nanocomposites for corrosion protection, J.
Coatings Technol. Res., 12 (4), pp. 657-667.

[70] A. Golgoon, M. Aliofkhazraei, M. Toorani and M. H. Mohammad (2017),
Corrosion behavior of ZnO—polyester nanocomposite powder coating, Anti—Corrosion
Methods and Materials; Bradford, 64 (4), pp. 380-388.

[71] S. Dhoke, Narayani Rajgopalan, A. Khanna (2012), Effect of nano—zinc oxide
particles on the performance behavior of waterborne polyurethane composite coatings,
Mater. Sci., 53, pp. 13934.

[72] R. T. Ngaloy, A. M. Fontanilla, M. S. R. Soriano, C. S. Pascua, Y. Matsushita and
L. J. A. Agulo (2019), Highly efficient photocatalysis by zinc oxide—reduced graphene
oxide (ZnO-rGQO) composite synthesized via onevpot room—temperature chemical
deposition method, Journal of Nanotechnology, 2019.

[73] T. T.N. Le, V. C. Le, T. P. Le, T.T.M. Nguyen and H.D. Ho (2020), synthesis of
zinc oxide/reduced graphene oxide composites for fabrication of anodes in dye—
sensitized solar cells, Chem. Eng. Trans., 78, pp. 61-66.

[74] H.P. Gabriel, P.-Z. Germéan and Ed., Rijeka (2019), Anodic zno-graphene
composite materials in lithium batteries, Zinc Oxide Based Nano Materials and Devices,

IntechOpen.



142

[75] Z. Sharifalhoseini, M. H. Entezari, A. Davoodi and M. Shahidi (2020), Surface
modification of mild steel before acrylic resin coating by hybrid ZnO/GO nanostructures
to improve the corrosion protection, J. Ind. Eng. Chem., 83, pp. 333-342.

[76] N.H. Othman, W. Z. N. Yahya, M. Che Ismail, M. Mustapha and Z. K. Koi (2020),
Highly dispersed graphene oxide—zinc oxide nanohybrids in epoxy coating with
improved water barrier properties and corrosion resistance, J. Coatings Technol. Res.,
17 (1), pp. 101-114.

[77] H. Tang, Y. Liu, D. Bian, Y. Guo and Y. Zhao (2020), Fabrication of ZnO-GO
hybrid for enhancement of chemically bonded phosphate ceramic coatings corrosion
protection performance on AISI304L stainless steel, Int. J. Appl. Ceram. Technol., 17
(6), pp. 2612-2621.

[78] M. Sharif, A. Heidari and A. Aghaeinejad (2019), Effect of ZnO-GO particles on
the photopolymerization and photo-cleaning of epoxy coating, J. Photopolym. Sci.
Technol., 32 (1), pp. 27-31.

[79] N. V Blinova, J. Stejskal, M. Trchova, J. Prokes and M. Omastova (2007),
Polyaniline and polypyrrole: A comparative study of the preparation, Eur. Polym. J., 43
(6), pp. 2331-2341.

[80] K. Lee, S. Cho, S. H. Park, A.J. Heeger, C.-W. Lee and S.-H. Lee (2006), Metallic
transport in polyaniline, Nature, 441 (7089), pp. 65—-68.

[81] M. Gvozdenovi¢, E. D\vzunuzovié¢, B. Jugovi¢ and B. Grgur (2018), Polyaniline
based corrosion inhibitors for conventional organic coatings, Zastita Materijala, 59 (2),
pp. 282-292.

[82] J. E. Pereira da Silva, S. I. Cérdoba de Torresi and R. M. Torresi (2005),
Polyaniline acrylic coatings for corrosion inhibition: the role played by counter—ions,
Corros. Sci., 47 (3), pp. 811-822.

[83] J. A. Syed, S. Tang, H. Lu and X. Meng (2015), Water—soluble polyaniline—
polyacrylic acid composites as efficient corrosion inhibitors for 316SS, Ind. Eng. Chem.
Res., 54 (11), pp. 2950-2959.

[84] R. Ansari and A. H. Alikhani (2009), Application of polyaniline/nylon composites
coating for corrosion protection of steel, J. Coatings Technol. Res., 6 (2), pp. 221-227.



143

[85] M. Rashid, S. Sabir, A. A. Rahim and U. Waware (2014), Polyaniline/palm oil
blend for anticorrosion of mild steel in saline environment, J. Appl. Chem., 2014, pp.
973653.

[86] N. Pirhady Tavandashti, M. Ghorbani, A. Shojaei, J. M. C. Mol and Y. Gonzalez-
Garcia (2017), pH-responsive nanostructured polyaniline capsules for self-healing
corrosion protection: the influence of capsule concentration, Sci. Iran., 24 (6), pp.
3512-3520.

[87] Y. Yi, G. Liu, Z. Jin and D. Feng (2013), The use of conducting polyaniline as
corrosion inhibitor for mild steel in hydrochloric acid, Int. J. Electrochem. Sci., 8, pp.
3540-3550.

[88] F. Shi, X. Wang, J. Yu and B. Hou (2011), Corrosion inhibition by polyaniline
copolymer of mild steel in hydrochloric acid solution, Anti—Corrosion Methods Mater.,
58 (3), pp. 111-115.

[89] B. Wessling (1996), Corrosion prevention with an organic metal (polyaniline):
Surface ennobling , passivation , corrosion test results, Materials and Corrosion, 47 (8),
pp. 439-445.

[90] P. P. Deshpande, N. G. Jadhav, V. J. Gelling and D. Sazou (2014), Conducting
polymers for corrosion protection: A review, J. Coatings Technol. Res., 11 (4), pp. 473—
494.

[91] P. H. P. Lé Qudc Hung, Phan Thi Binh va Vii Thi Thu Ha (2016), Pién héa hoc
ndng cao, Vién Han Lam Khoa hoc va Cong nghé Viét Nam.

[92] N. V. T. va Alain Galerie (2002), An mon va bdo vé vit liéu, Pai hoc Bach Khoa
Thanh phé H6 Chi Minh.

[93] M.G. Olivier and M. Poelman (2012), Use of Electrochemical Impedance
Spectroscopy (EIS) for the Evaluation of Electrocoatings Performances, Recent
Researches in Corrosion Evaluation and Protection, Ed., Rijeka: IntechOpen.

[94] D. Loveday, P. Peterspm and B. Rodgers (2004), Evalution of organic coatings
with electrochemical impedance spectroscopy part 2: Application of EIS to coatings,

CoatingsTech, 1 (10), pp. 88-93.



144

[95] N. L. Zaaba, K. L. Foo, U. Hashim, S. J. Tan, W.-W. Liu and C. H. Voon (2017),
Synthesis of graphene oxide using modified Hummers method: Solvent influence,
Procedia Eng., 184, pp. 469—477.

[96] B0 xay dung—Vién Vat liéu Xay dung (2021), TCVN 12640:2021: Thir nghiém an
mon trong méi truong nhan tao - thir nghiém phun mi muéi, B6 Khoa hoc and Cong
nghé.

[97] P. A. Senthilvasan and M. Rangarajan (2016), Corrosion inhibition properties of
graphene oxide on mild steel in 3.5% NaCl, IOP Conf. Ser. Mater. Sci. Eng., 149, pp.
12064.

[98] A. Al-Amiery, M. H. O. Ahmed, T. Abdullah, T. Gaaz and A. Kadhum (2018),
Electrochemical studies of novel corrosion inhibitor for mild steel in 1 M hydrochloric
acid, Results Phys., 9, pp. 978-981.

[99] F. Ahmed, S. Kumar, N. Arshi, M. S. Anwar, B. H. Koo and C. G. Lee (2011),
Defect induced room temperature ferromagnetism in well-aligned ZnO nanorods grown
on Si (100) substrate, Thin Solid Films, 519 (23), pp. 8199-8202.

[100] J. Olen L. Riggs (1973), Corrosion Inhibitors, 2nd ed. National Association of
Corrosion Engineers, Houston, Texas.

[101] A. Dwivedi, P. Bharti and S. K. Shukla (2022), Chemical and electrochemical
study of effect of soluble sulfonated polystyrene on mild steel interface in hydrochloric
acid solution, Gazi University Journal of Science, 35 (3), pp. 808-820.

[102] M. Bhadu, M. Sinhababu, T. Rout and G. Udayabhanu (2015), Effect of nano
Zn0 containing sol-gel coating on galvanised iron sheet, Pigment Resin Technol., 44
(4), pp. 239-249.

[103] L. Yan, M. Zhou, X. Pang and K. Gao (2019), One—step in situ synthesis of
reduced graphene oxide/Zn—Al layered double hydroxide film for enhanced corrosion
protection of magnesium alloys, Langmuir, 35 (19), pp. 6312-6320.

[104] D. W. Deberry (1985), Modification of the electrochemical and corrosion
behavior of stainless steels with an electroactive coating, J. Electrochem. Soc., 132 (5),
pp. 1022-1026.

[105] C. Duval (1963), Inorganic thermogravimetric analysis (2" Edition),

Amsterdam: Elsevier.



145

[106] E. P. Silva, S. I. Co, M. L. A. Temperini and R. M. Torresi (2001), Polyaniline
based acrylic blends for iron corrosion protection, Electrochem. Solid—State Lett., 4 (8)
B27.

[107] J. Tedim, A. Kuznetsova, A.N. Salak, F. Montemor and D. Snihirova (2012), Zn—
Al layered double hydroxides as chloride nanotraps in active protective coatings,
Corros. Sci., 55, pp. 1-4.

[108] A. Olad, M. Barati and H. Shirmohammadi (2011), Conductivity and
anticorrosion performance of polyaniline/zinc composites: Investigation of zinc particle
size and distribution effect, Prog. Org. Coatings, 72 (4), pp. 599-604.

[109] V. Talwar, O. Singh and R. C. Singh (2014), ZnO assisted polyaniline nanofibers
and its application as ammonia gas sensor, Sensors Actuators B Chem., 191, pp. 276—
282.

[110] P.J. Kinlen, Y. Ding and D. C. Silverman (2002), Corrosion protection of mild
steel using sulfonic and phosphonic acid—doped polyanilines, Corrosion, 58 (6), pp.
490-497.

[111] B. R. David Loveday, Pete Peterson (2004), Evaluation of organic coatings with
electrochemical impedance spectroscopy. Part 1: Fundamentals of electrochemical
impedance spectroscopy, JCT Coatings Tech, 2 (2).

[112] A. Xu, F. Zhang, F. Jin, R. Zhang, B. Luo and T. Zhang (2014), The evaluation
of coating performance by analyzing the intersection of bode plots, Int. J. Electrochem.
Sci., 9, pp. 5116-5125.

[113] M. Kendig and M. Hon (2004), Environmentally triggered release of
oxygen—reduction inhibitors from inherently conducting polymers, Corrosion, 60 (11),
pp. 1024—-1030.

[114] J. Fang, K. Xu, L. Zhu, Z. Zhou and H. Tang (2007), A study on mechanism of
corrosion protection of polyaniline coating and its failure, Corros. Sci., 49 (11), pp.

4232-4242.



