Nghién ctru khoa hoc c6ng nghé
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1. PAT VAN DE

Thép hop kim két cdu duoc tng dung rdng réi trong méi trudng nude bién nhu
than vo tau, cac dng dan dau, try cot cau va cac két cau ngoal khoi khac... thuong bi
an mon va co ty 1& su cd nghiém trong, chi phi udc tinh dén khoang 3% GDP toan
cau, dao dong tir 1 dén 5% GNP cho bt ky quéc gia nao [1 -3]. Tac dong cua an
mon con lién quan dén an toan va thiét hai vé tinh mang. Trong s cac loai thép két
ciu, AH36 1a mac thép duogc tng dung kha phd bién cho cac muc dich néu trén [4].

Trong sd 16p phu bao vé thép khoi an mon, polymer dan dién duoc ap dung
nhu 1a 16p phu e ché an mon nho kha nang hoat dong oxy hoéa khir cua chung [5-7].
L&p mang polyanilin (PANI - mét loai polyme dan dién phd bién) co thé bao vé kim
loai khoi an mon dya trén mot hodc vai khia canh sau: (1) tao ra rao can ngéan cach
cac ion xdm thuc vao nén; (2) tao ra 16p mang thu dong tai giao dién 16p phu/kim
loai vi polyme dan dién co tinh hoat hoa dién co thé kich hoat hoat dong xuc tac dé
tao thanh 16p thu dong trén kim loai; (3) nang thé dn mon cua vat liéu t6i gia tri cao
hon dé giam dong hoc an mon nhd trong d6 chtta cac nhém phan cuc; va (4) phan
tan dién tich trén bé mat duoc pht tranh sy hinh thanh cac ving anod hoéc catod cuc
bd thuong tao ra sy &n mon [5,8-11]. Bén canh do, déng (Cu) la mot kim loai thu
dong duoc danh gia co do bén cao trong moi trudng trung tinh chiaa C1™ [12-14].
Lép ma dién hoa déng trén bé mat thép ciing dugc bao cdo c6 do bam dinh cao,
ddng déu va d& kiém soat [12-14]. Piéu nay dugc thé hién ¢ chd no két hop nhiéu
dac trung doc dao nhu: Do dan nhiét cao (394 Wm'lK'l), dién tro suét thép (16,78 x
10° Qm), do udn kha di cao, do déo tdt, mau sic hép dan, kha nang tai ché va dic
tinh chdng an mon hop 1y [15,16]. Piéu nay duoc giai thich 1a do Cu” dugc hinh
thanh & dang céc ion phirc (vi du: CuCly) 6n dinh nhiét dong trong nudec. Bé mat
dong trong méi truong chira C1~ (vi du nhu nude bién) ciing dé tao 16p mang thy
dong Cu,O gitp bao vé cho 16p kim loai bén trong khoi bi an mon [12,17].

Bai bdo trinh bay két qua danh gia so sanh mdt s tinh chét cua 16p phu PANI

va 16p ma dong dugc tao cung bang phuong phap dién hoa nhu 13 nhitng dbi twrong
bao vé thép két cdu dong tau AH36 khoi dn mon trong nudc bién nhan tao.

2. THUC NGHIEM

2.1. Vit liéu, héa chit

Acid oxalic (H2C204.2H20, 98%), anilin (C6H5NH2, 99 %), xut (NaOH,
297%), déng sulphat (CuSO4.5H20, 298%), EDTA (C10H14N208Na2.2H20, 295%),

hexamin (C¢H,N4, 299%), acid hydrochloric (HCI, 37%). Tat ca cac hoa chat déu
duoc mua tir hang Sigma-Aldrich.

76 Tap chi Khoa hoc va Céng nghé nhiét ddi, S6 32, 09 - 2023



Nghién ctru khoa hoc c6ng nghé

Thép AH36 (50x70x3 mm) duoc chuan bi 1am mAau thir nhu Bang 1. Mau
dugc tay co hoc bé mat bang gidy nham SiC, rira sach trong bé siéu am va rira lai
bang nude cit. Sau d6 mau dwoc ngam trong dung dich acid loing HCI 0,5 M va
hexamine trong khoang 30 phut. Mau duoc rira sach bﬁng nudce cat, séy kho & diéu
kién phong rdi bao quan trong ta hiit &m trude khi tao 16p phu.

Bang 1. Thanh phan nguyén cta thép dong tau AH36, % max (Fe con lai):

C Si | Mn| Cr | Cu | Ni | Mo P S Nb Ti Al

0,180( 0,500 0,900 0,200 0,050 0,400 0,080 0,350 0,035 0,020 0,020 0,015

2.2. Thiét bi

May dién héa AutoLab PGSTAT 204N duoc str dung dé tao cac 16p phi PANI
va Cu. Hé do 3 dién cuc: Dién cyc doi la tam platin §x8 mm; Pién cuc so sanh la
Ag/AgCl trong KCI bao hoa va dién cuc lam viéc 1a mau thép AH36 dé ma, phu.

2.3. Ché tao cac 16p phi

PANI duoc polymer dién hoa trén bé mat miu thép trong dung dich chira acid
oxalic 0,5 M va anilin 0,1 M. Lép phu dugc ché tao bang phuong phap quét thé
vong (cyclic voltammetry - CV) trong khoang thé tir -0,5 dén 1,6 V & toc do quét thé
10 mV/s véi s6 vong lan luot 1a 3, 5 va 8 (ky hiéu twong tmg 1a PANI-1, PANI-2 va
PANI-3) (Hinh 1a).

Lép ma dong dugc tao trén bé mit mau thép bang ky thuat dong-thoi gian
(chronoamperometry - CA) véi dién thé ap dung 1a -1,1 V trong dung dich chua
NaOH 0,3 M, EDTA 0,15 M va CuSO4 0,02 M tai pH 8 trong thoi gian 180, 360 va
720 gidy (ky hiéu lan luot 1a Cu-1, Cu-2 va Cu-3) (Hinh 2b).

Céac mau sau d6 duoc rira béng nude cit, séy kho & nhiét dd khoang 40°C va
luu trit trong ti ht am dé tién hanh cac nghién ctru tiép theo.

2.4. Nghién ctru tinh chit cac 16p phi

Céu trac hoa hoc cua 16p pha PANI duogc nghién ciru bang phd héng ngoai
bién d6i Fourier (FTIR, Nicolet iS10, Thermo Scientific) véi dai s6 song tir 500 dén
4000 cm™ tai d6 phan giai 16 cm™ véi 32 vong quét. Lop phu PANI duoc tach khoi
mau, nghién min sau d6 tron voi chat thir kali bromid dé tién hanh tao mang roi dua
vao thiét bi dé do.

Hinh thai bé mat, thanh phan, ciu tric tinh thé ctia 10p pha dugc xac dinh bang
kinh hién vi dién tir quét (SEM, Hitachi, S-4800), gian dd nhiéu xa tia X (XRD,
PANalytical, X'Pert-PRO MPD) va phd tan xa ning lugng tia X (EDS).

Tinh chat dién hoa cua cac 16p phu dugc danh gia trong nude bién nhan tao
dugc chuan bi theo ASTM D 1141 - 98 (2003) bang thiét bj AutoLab PGSTAT
204N véi cung hé dién cuc nhu qua trinh tao 16p phu, dién tich danh gia 3,46 cm’.
Céc thong sé dién hoa duge xac dinh bang phan mém Nova 2.0 dong bd véi thiét bi.
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3. KET QUA VA THAO LUAN
3.1. Hinh thai hoc 16p mang PANI va Cu trén thép AH36

Puong CV dai dién ciia qué trinh polime dién héa 16p pha PANI va ma dong
thé hién trén Hinh 1. O Hinh la, theo chiéu thuan ¢ vong 1, lic diu dong dién ting
nhanh theo chiéu tang cla thé dién cuc, diéu nay co thé duoc giai thich do hién
tuong tan cua dién cuc thép. Sau d6 duong cong di xudng, on dinh chung to acid
oxalic da lam thu dong bé mat. O dién thé khoang 1,25 V, xuét hién 1 dinh anot ¢6
thé gan cho viéc xuat hién cac radical. Pén chiéu quét nguoc, dong dién giam theo
chiéu giam cta dién thé va hinh thanh cac dinh catot. Tai ddy, cac radical lién két dé
tao thanh céc oligome. O cac vong tiép theo, chi xuét hién cac dinh phia trén (twong
ung véi qud trinh oxy hoda) va cac dinh phia dudi (twong tng v6i qua trinh khur). Su
xuat hién cua cic dinh oxy hoa khir tir trong cac vong CV (Hinh 1a) nim trong
khoang tir 0,0 dén 0,3 ching t6 ¢6 phan tmg polyme hoa xay ra dé tao PANI chii yéu
¢ dang bazo emeraldin - trang thai oxy hoa ctia PANI dugc danh gia c6 kha nang
bao vé dn mon tot nhat. Con Hinh 1b cho thdy, dién thé dién cuc ting rat nhanh
trong khoang 50 gidy dau sau dé tvong ddi 6n dinh.

0030 4

a) o040 b)
0.020 :
-0.0060

0010 ]

-0.0080 —

0.000

-0.0100 4_ ‘

-0.50 Gf‘JO 0.50 1.00 150 0 200 400

Hinh 1. Puong CV cia qué trinh ma dién hoa 16p phu PANI trén nén thép AH36
voi 5 vong (a) va duong cudong do dong-thoi gian khi phu 16p Cu
trong thoi gian 360 gidy (b)

Anh chup bé mit cac 16p pha PANI véi s6 vong khac nhau va ma Cu véi cac
thoi gian khac nhau thé hién trén Hinh 2 va Hinh 3. Quan sat két qua cho thiy rang,
hinh thai bé mit cac 16p phu phu thudc nhidu vao thoi gian dién hoéa. Di véi 16p
phu PANI, khi quét véi 3 vong (Hinh 2b) thi hinh théi bé mit mau khong co nhiéu
thay ddi so véi nén (Hinh 2a), chi & ché do phong dai rt cao méi thiy dugc sy hinh
thanh 16p phu rat mong, con co nhleu khoang tréng (Hinh 2a,b). Cac khoang trong
nay co thé tao ra con duong dan am, ion xam thuc va gy ra sy an mon do thép tiép
xuc tryc tiép véi moi truong bén ngoai. Lép phit day hon ¢ 5 vong quét (Hinh 2c) va
phu kin toan b bé mit & 8 vong quét (Hinh 2d). Hinh 2¢.d cling cho thdy ciu truc
dic trung cta 16p phit PANI c6 dang vo dinh hinh, ciu trac rd xdp [7, 18]. Su hinh
thanh 16p mang nay cho phép du doan kha ning tao ra co ché bao vé barie ciing nhu
bao vé anot [10, 19]. Két qua hinh thanh 16p ma Cu ciing tuong tu. Ban dau 1a cac
hat Cu roi rac két tia trén bé mit mau nén (Hinh 2a so véi Hinh 1a) sau d6 dan phu
kin trén toan bé mat (Hinh 2b,c) [20].
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IMS- IMS-N (M

Hinh 2. Anh SEM bé mit thép AH36 khong dugc phi (a) va dugc phit PANI
voi s0 vong quét 1a 3 (b), 5 (¢) va 8 (d)

360s (b) va 720s (c)
3.2. Pic trung tinh chit 16p mang PANI va Cu trén thép AH36

PO truyen qua, a.u.

4000 3560 30|00 25|00 20I00 1‘5I00 ‘10|00‘ 500
$6 song, cm™
Hinh 4. Pho hdng ngoai cua thép AH36 dugc phit PANI
v6i s6 vong 1an luot 13 3(-), 5(=) va 8(-)
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Ph6 hdng ngoai cua 16p phit PANI vé6i s6 vong khac nhau thé hién ciu tric
hoa hoc cua 16p pha PANI trén Hinh 4. Cac pic & s6 song 1594 and 1505 cm™ (dic
trung cho su c6 mit ciia lién két C=C trong vong benzenoid va quinoid. Cac pic tai
1304 va 1145 cm™ dac trung cho lién két C-N trong nhém amin thir cap. Hai pic tai
1234 va 805 cm™ phu hop véi lién két C-H c6 trong PANI. Ngoai ra, mot pic rong
tai 3442 cm™' ¢6 thé dai dién cho lién két O-H.

Gian d6 nhidu xa tia X ctia 16p ma Cu trén nén thép AH36 thé hién trén Hinh
5. Di véi nén (Hinh 5a), c6 mot vai pic & goc 20 1a 44,3° dic trung cho Fe c6 trong
thép két cau AH36 (JCPDS file No. 00-006-0696). Hinh 5b-d c¢6 cac pic twong tu
nhau & cac goc 20 1an luot 14 44,8°; 56,7° va 64,9°. Sy dong nhit vé gian do nay cho
thiy ngay sau 180 gidy, Cu di dugc ma trén bé mit cia mau thép. Cac gia tri 20 ndy
ciing ching t6 cho sy hinh thanh 16p ma ddng (JCPDS file No. 03-065-9743) véi
cac miat phang mang lan luot 14 (111), (200) va (220).
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Hinh 5. Gian 46 XRD ctia AH36 khong duoc phu va va dugc phii Cu
voi cac thoi gian ma lan luot 1a 180s, 360s va 720s

Element | Weight%  Atomic%
Fe K 7993 81.92
CukK 20.07 18.08
Totals 100.00

Full Scale 446 cts Cursor: 0.000 ke

Hinh 6. Phé nhidu xa ning lugng tia X cta 16p phu Cu/AH36 khi ma trong 360s

Pho tan xa nang lugng EDS trén Hinh 6 xac nhan thém sy hinh thanh 16p ma
Cu trén thép AH36 vdi nguyén to chinh xéac dinh dugc 1a Cu va Fe. Ty 1€ Fe/Cu kha
cao ciing cho thay l6p ma Cu nay la rat mong.
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3.3. Piac trung dién héa va bao vé thép khéi an mon

Bién thién thé mach hé va duong cong phan cuc cua cac 16p phit PANI, Cu thé
hién trén Hinh 7, 8.
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Hinh 7. Bién thién thé mach ho cac 16p phii trong 10 phut dau tién
trong mdi trudong nudc bién nhan tao.
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Hinh 8. Buong cong phén cyc cac 16p phu sau 10 phut
trong moi truong nudce bién nhan tao

Bién thién thé mach ho trén Hinh 7 cho thay, v6i ca mau nén va cac 16p phu,
dién thé dich chuyén rat nhanh vé phia am hon trong vong 1 phut dau sau d6 cham
dan va c¢6 xu hudng 6n dinh. Khong c6 su khac biét nhiéu giita cac 16p phit PANI so
v6i nén nhung lai th?iy su khdc biét rd nét voi cac 16p ma Cu. Mac du vay, dién thé
mach ho cua cac mau dugc phu co gia tri duong hon cho phép gia thlet rang xu huéng
trao ddi dién tich & muc do giam hon so vdi thép nén. Cac théng sb dién hoa ngoai
suy tur duong cong phéan cuc Hinh 8 trinh bay trong Bang 2. Gia tri dién tré phan cuc
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tang va mat do dong an mon giam dang ké khi cac 16p phu duoc hinh thanh dan trén
bé mit thép AH36. Lay s6 lidu mat d6 dong dn mon dé danh gia thi d6i véi 16p phu
PANI hi€u qua bao v€ an mon tang lan luot 1a khoang 10,5 %; 28,5 % va 31,9 %;
tuong ty 1a khoang 46,5 %; 58,7 % va 66,9 % dbi voi 16p ma Cu. Két qua nay chung
to khi thoi gian ma dién hoa tang 1én thi hiéu qua bao v€ an mon ciling tang theo.
Trong ché do thuc nghiém nay, hi¢u qua bao v¢ an mon cua Cu cao hon ciia PANIL
Didu nay c6 thé xuat phat tir dic tinh bén trong méi truong trung tinh cua dong
[12,14,17] va mirc d6 rd xSp cua 16p pha PANI da han ché co ché bao vé barie [5].

Bang 2. Thong s dién héa dn mon ngoai suy tir Hinh 7

Théng s6 Nén AH36 | PANI-1 | PANI-2 | PANI-3 | Cu-1 | Cu-2 | Cu-3

Thé an mon (mV)|  -713 -660 -635 622 | 589 | -528 | -447
Mat 46 dong an 172 154 | 123 117 | 92 | 71 | 57
mon (pA/cm”)
bicn t“(’é’)han R BT 390 457 530 607 | 652 | 697
bo dbc anot Ba
(/o) 393 218 209 205 177 | 129 | 115
Do dbc catot B, ) ) ) ) ) ) )
(m/de) 66 71 67 68 64 65 62
4. KET LUAN

- Lép phu PANI va 16p ma Cu da dugc ché tao trén bé mat thép két cdu AH36.
L6p phu PANI v6i cac thanh phan lién két phirc tap dic trung cho cdu trac da dang vé
trang thai oxy hoa khir ddng thoi tao hinh thai vo dinh hinh, ciu triic 16 xp trén bé mat.
Trong khi d6, 16p ma Cu cé cu trac hat, xép 16p day dic va tinh khiét trén nén thép.

- Véi 16p phit PANI, hiéu qua bao vé thép AH36 khoi an mon dat dén 31,9 %
v6i 8 vong quét, trong khi 16p ma Cu trén bé mit thép trong 720 gidy dat hiéu qua
t61 66,9%. Lop phi PANI bao vé an mon thép mdt cach dang ké nho dic tinh noi tai
nhung van khong hiéu qua bang phuong phap ma Cu.
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SUMMARY

COMPARATIVE PROPERTIES OF PANI AND Cu ELECTROCHEMICAL
COATING TO PROTECT STRUCTURAL STEEL AH36 FROM CORROSION IN
ARTIFICIAL SEAWATER

Fabrication of PANI coating and Cu coating on the surface of AH36
shipbuilding structural steel was carried out by electrochemical method. PANI was
electropolymerized onto AH36 surface in an aqueous solution of 0.5 M oxalic acid
containing 0.1 M anilines. The process was conducted by cyclic voltammetry (CV)
under a potential window of -0.5+1.6 V at a scan rate of 10 mV/s with scans of 3, 5
and 8, respectively. The electrochemical deposition of Cu particles onto the AH36
surface was performed using chronoamperometry (CA) in a solution containing 0.3 M
NaOH, 0.15 M EDTA, and 0.02 M CuSOy at pH 8 and a constant applied potential
of -1.1 V for 180s, 360s and 720s, respectively. SEM, FT-IR showed that the PANI
coating with complex binding components characterizes the structure with diverse
redox states while creating an amorphous, porous structure on the surface.
Meanwhile, SEM, XRD, EDS spectra showed that the Cu plating has a particle
structure, densely layered and pure on the steel substrate. The OCP trend and the
polarization curve showed that both coatings protect the steel from corrosion by shift
the potential of the coated material to a value where the kinetics of corrosion of the
underlying metal are lowerred. Under the survey conditions, the PANI coating has a
corrosion protection efficiency of up to about 31.9% while the Cu coating -66.9%.

Keywords: AH36 structural steel, PANI coating, Cu plating, electrodepositing,
thép ket cau AH36, lop phu PANI, ma Cu, ma dién hoa.
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