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Tom tit

Mang thu dgng hinh thanh trén lép phi cdu tric
nano Ni va Ni-Cu trong dung djch l_gora{ da duoc
khao sat. Mdt do khuech tan khuyér diém (Do) o
mang thu déng hinh thanh trén Iép phu Ni dwot
xdc dinh bang 2,17x10Ycm?/s va Ni-Cu la
1,76x10 1cm?/s. Chié‘u' day mang thu dong va
mdt do khuéchrtén khuyét diém hinh thanh trén lop
phu ‘Ni—Cu thap hon trén lop phu Ni; c?‘iéu do chi
rarang, Iép pha Ni-Cu cd kha nang chong an mon
tot hon I6p phu Ni trong dung dich borat.

Tir khéa: Mang thu dong, cau tric nano, khuyét
diém, dung djch borat, chong an mon.

Abstract

Passive films formed on the nanostructured Ni and
Ni-Cu coatings in the borate solution were
investigated. The diffusion of the point defects (Do)
in the passive film formed on the Ni coating was
calculated to be 2.17 x 10-17 cm?s and 1.76 x
10-17 cm?/s for Ni-Cu. The thickness of passive
film and the diffusion of the point defects on
passive film formed Ni-Cu coating lower than that
from the Ni coating; this means, in the borate
solution, the Ni-Cu coating more corrosion
resistant than the Ni coating.

Keywords: Passive film, nanostructured, point
defect, borate solution, corrosion.

1. Giéi thiéu

Mang thu dong hinh thanh trén kim loai, hop kim
1a chii d@& néng vei lich sir hon 100 nim qua [1]. Hau
hét cac mang thu dong déu mang tinh chét ban dan,
khao sat dac tinh nay cung véi cac dic tinh dién, dién
hoa ciia mang thu dong da duoc tién hanh dé tim hiéu
sy sinh truéng va pha vé cia mang thu dong [2, 3].
Pay ciing la déc trung cho hanh vi &n mon cua kim
loai va hop kim khi tiép xtc voi méi trudng phan ang.
Hién nay gidi khoa hoc ddng y ring mang thu dong 1a
mot mang oxit voi cac khuyét diém 1a 15 trong kim

loai, dxy va kim loai xen 1an. Theo mé hinh khuyét
diém (PDM), m6 hinh d& xuit nghién ctu cho mang
thu dong, md ta su hinh thanh, phét trién va phéa vo
mang thu dong [1]. Theo mé hinh nay, mat do khuyét
diém va sy dich chuyén cua cac khuyét diém nay trong
mang thu dong, duoc xac dinh la gbc cua su pha va
cua mang thu dong [2-4]. Mat d6 va dac tinh dich
chuyén cua khuyét diém c6 thé duoc biéu thi mot cach
dinh lwong bang mat do khuéch tan cua khuyét diém
(DO) [5-7].

Trong cong trinh [8] nhém tac gia da trinh bay két
qua nghién cttu V& dic diém mang thu dong trén cac
I6p phu cau tric nano Ni-Cu duoc tong hop tir phwong
phép ma dién xung hinh thanh trong dung dich 0,3M
NaCl. Trong bai bao nay, cac tac gia tiép tuc trinh bay
két qua nghién ciru cho mang thu dong hinh thanh tir
cac 16p pha Ni (#1) va Ni-Cu (#2) [8] trong dung dich
borat. Théng qua md hinh khuyét diém, nghién cau
dic diém mang thu dong hinh thanh trén I6p phu Ni-
Cu va Ni, dua ra nguyén 1y chéng dn mon dya trén
khao sat mang thu dong hinh thanh trén cac Iop pha
khao sat.

2. Thi nghiém
2.1. Cac phép do di¢n hba

Céc 16p phu Ni va Ni-Cu sau khi tong hgp xong
duoc rira sach bang nudc cat roi say khd. Dung cao cu
non chuan bj bé mat kich thuéc 10 x 10 mm2 Dung
dich borat 0,1M H3;BO; + 0,025M Na;B40; thém
0,01M NaCl va nhiét @6 30 + 1°C dugc sir dung cho
cac phép do dién héa, tao mang thu déng. Cac nghién
ctru [8-11] codng b kha ning chdng dn mon cua Ni va
hop kim caa Ni Ia rat nhay cam véi NaCl. Lugng 0,01
M NaCl duoc thém vao dung dich borat dé thuan tién
cho viéc so sanh déc tinh &n mon cta hai I6p phu trong
dung dich nay, ma van dam bao sy khac biét vé dic
tinh cua I6p mang thu dong hinh thanh trén chinh hai
16p pht ndy so vai cong trinh trudce [8]. May do dién
hoa Zahner IM6eXx, véi 3 dién cuc dugc st dung, trong
do: dién cuc thir, dién cuc ddi va dién cuc tham chiéu
1a 16p phi Ni-Cu, tim Pt (20x15x1 mm?) va dién cuc
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Ag/AgCI (bdo hoa KCI), theo thir tu. Két qua tir phép
do phan cuc hang dién thé tao mang thu dong & 100,
200, 300, 400, 500 va 600 mVsne (standard hydrogen
electrode) duoc st dung két hop véi két qua tir phép
do Mott-Schottky (M-S) dé tinh toan mat do khuéch
tan khuyét diém Do,
2.2. Thanh phan mang thu dgng
Phép do quang pho tia dién tir XPS (X-ray
photoelectron spectroscopy) duoc st dung de Xac
dinh cac thanh phan cua mang thu dong. Nguon phat
la dién cuc Al Kq. Dinh lugng thanh phan mang thu
dong dugc tong hop bang phan mém XPSPeak4.1.
3. Két qua thao luan
3.1. Dic tinh an mon dién hoa ciia cdc lop phii
Két qua phép do phan cyc (Hinh la) va do tro
khang (hinh 1b) cho cac 16p phu trong dung dich borat
thém 0,01M NaCl & 30 + 1°C, cho thay 16p phua Ni-
Cu ¢6 kha ning chong an mon tét hon so véi 16p phu
Ni. Két qua nay thong nhit véi két qua nghién ctu &
cong trinh [8] 16p phu cu trdc nano Ni-Cu c6 kha
nang chdng an mon tét hon 16p phui Ni.
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3.2. Thanh phan ciia mang thu déng

Thanh phan cua mang thu dong dwoc khao sat
bang ky thuat quang phd tia dién tir (XPS) cho mang
thu dong hinh thanh tir I6p pha Ni va Ni-Cu ¢ dién thé
600 mVspe. So véi két qua trong cong trinh [8], mang
thu dong voi dinh Ni ciing c6 cac thanh phan NiO va
Ni(OH)z, tuy nhién dinh Cu chi c6 va Cu,0 trén mang
thu dong tir 16p phu Ni-Cu. Két qua duoc tong hop
trong Bang 1.
3.3. Mzt dp khuéch tin khuyét diém trong
mang thu dong

V6i myc tiéu khao sat mang thu dong hinh thanh
trén cac 16p phu, phép do phéan cyc hing dién thé dugc
thuc hién 6 cac dién thé hinh thanh 100, 200, 300, 400,
500 va 600 mVsue. Phép do M-S da dugc thuc hién
(Hinh 2), két qua chi ra ca hai lop pha déu cé biéu hién
tinh chit  béan dan kiéu p diéu nay phu hop véi cac
cong bé trude day cho mang thu dong hinh thanh trén
Ni va hgp kim Ni [5, 12] do mang thu dong duoc hinh
thanh trong dung dich borat. Trong cdng trinh [8] dac
tinh ctia mang thy déng duoc hinh thanh tir hai 16p
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Hinh 1. Pic tinh dn mon di¢n hoa lép pha Ni-Cu va lép pha Ni trong dung dich borat thém 0,01 M NaCl
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Hinh 2. Pé thi M-S cho mang thu déng hinh thanh trén lép pha Ni va lép pha Ni-Cu sau 12 gié trong dung dich
borat thém 0,01 M NaCl ¢ nhiér dé 30 + 1°C
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phu nay trong dung dich 0,3M NaCl da duoc khao sat
va thao luan vai tinh chét ban dan kiéu n.

Theo md hinh khuyét diém [1], thi mat do
khuyét diém N, (acceptor concentration) va dién thé
hinh thanh mang thu déng Ef cé quan hé theo cng
thac sau:

Na = w1.exp(-b.Es) +w> @

Tir két qua phép do M-S (Hinh 2) thu dwgc quan
hé gitta Na va Er (Hinh 3): Na = [56,92 x exp (-0,009Ex)
+9,199] x 10% cho mang thy dong hinh thanh trén I5p
pha Ni. Na = [19,14 x exp(-0,01E) + 8,596] x 102
cho mang thy dong hinh thanh tir 16p pha Ni-Cu.

Véi két qua nay, cac mang thu dong khao sat hoan
toan phu hop theo md hinh khuyét diém PDM (the
point defect model). Sikora [1] chi ra ring w; theo
cong thirc (1) c6 lién quan dén mat do khuéch tan
khuyét diém Do theo phwong trinh van chuyén Nernst-
Plank (2):

SS

" 2Kw, 4eFo,e,

D, = J, I RT @)

Trong cong thirc (2) R, T, e, F la céc hang sé, théng
s6 ky thuat [1], iss mat do dong trung binh cua mang
thu dong va e cuong do dién truong.
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Dé xac dinh iss, phép do phan cuc hang dién thé da
dugc tién hanh. Theo két qua tir phép do phéan cuc
hang dién thé (Hinh 4), cac mang thu dong hinh thanh
tir hai 16p phi Ni va Ni-Cu theo céc dién thé 100, 200,
300, 400, 500 va 600 mVspe. Dong dién trén cac mang
thu dong dat dén trang thai 6n dinh trong thoi gian
khao sat (12 gio) va cac dudng cong mat do dong trén
mang thu dong c6 hinh dang twong tu nhu nhau. Diéu
nay ¢ nghia cdc mang thu déng da duoc hinh thanh
va 6n dinh ¢ dién thé kich thich trong 12 gio. Theo
hinh chén bén trong Hinh 4, iss do dugc 12 19,1 nA/cm?
va 15,22 nA/cm? cho mang thu ¢ong hinh thanh ti 16p
phtt Ni va Ni-Cu, theo thir ty.

Chiéu day mang thu dong (Lss) c6 quan hé véi Es
va ¢ theo cbng thuc (3) [1]:

Le =i(1—a)Ef +B @)
gL
Trong do6: a d6 phén cuc cua giao dién mang thu
déng vai dung dich thir nghiém (a = 0,5) [13], B la
hang sb.
Chiéu day mang thu dong Lss duoc xac dinh theo
cong thuc (4) [5]:
Lss = QM/(zFApr) 4)

Bdng 1. Ty 1é phdn trdm nguyén tir, nguyén té ciia mang thu déng hinh thanh trén Iép phi nano Ni va Ni-Cu
sau 12 gi¢ thu déng 6 600 mVswHe trong dung dich borat thém 0.01M NaCl ¢ 30 + 1°C
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Hinh 3. Mgz dé khuyét diém Na va dién thé hinh thanh mang thu dgng Ex

trén (a) lép pha Ni va (b) lép pha Ni-Cu
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Hinh 4. Két qud do phdn cuc hing dign thé va xdc dinh mdt d¢ dong trung binh mang thu déng dwec hinh thanh
trén (a) lép phi Ni va (b) lép phai Ni-Cu

Trong d6: Q dién lugng hinh thanh mang thu dong
& cac dién thé khac nhau (100, 200, 300, 400, 500 va
600 MVske), z s6 dién tir trao ddi, r thong sé vé do
nham bé mat (r = 3,5 [14]), A = 1 cm?, Mioy = 74,69
g/mol and p(ioy = 6,8 g/lcm? [15].

Chiéu day mang thu dong Ls hinh thanh trén hai l6p
phu Ni va Ni-Cu c6 qua hé véi dién thé hinh thanh mang
thu d6 Er nhu ham s6 theo Hinh 5. Hé s6 goc dugc Xac
dinh la 122,04 nm/V va 104,82 nm/V cho mang thu déng
hinh thanh tir I6p phu Ni va I6p pha Ni-Cu, theo thi tu
(Hinh 5). Két qua chiéu day mang thu dong hinh thanh
trén hai lop phu chi ra rang I6p pha Ni-Cu wc ché phat
trién cia mang thy dong tét hon so véi 16p pha Ni. &
duoc xac dinh: 0,389 x 10° V/cm cho mang thu dong
hinh thanh trén 16p pha Ni va 0,41x 105 V/cm cho mang
thu dong tir I6p pha Ni-Cu.
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Hinh 5. Chiéu day mang thu dng theo cdc di¢n thé
hinh thanh
Mat d6 khuéch tan khuyét diém Do dugc xac dinh:
2,17x107*cm? /s cho mang thu dong hinh thanh trén lop
phu Ni va 1,76x107Ycm? /s cho mang thu dong hinh

thanh trén 16p pha Ni-Cu. Mang thu dong trén I6p pha
Ni-Cu Véi tri s6 Do thap va do day mang thu dong nho
hon so v&i mang thu dong trén 16p pha Ni, diéu nay chi
ra rang su hinh thanh, phét trién va khuéch tan khuyét
diém & mang thu dong trén 16p pha Ni-Cu duoc e ché
t6t hon. N6i cach khac, kha nang chdng an mon ciia 1op
pha Ni-Cu tét hon so véi Ni trong dung dich borat thém
0,01M NacCl.

Két qua tir phép do EDS viéi ti Ié nguyén té Cu trong
I6p phu Ni-Cu dat tri s 3,87% [8], két qua tir két phép
do XPS (Bang 1) thi ti 1& nguyén t6 Cu trong mang thu
dong hinh thanh trén 16p phi Ni-Cu lai dat tri dén sé
6,63 %. Pidu nay chi c6 thé dwoc giai thich, trong qué
trinh hinh thanh mang thu dong cac nguyén té trén 16p
phu déu bi tan ra tuy nhién mic do tan cua Ni cao hon
nhiéu so véi Cu. Trong mang thu dong trén I6p phu Ni-
Cu nguyén t5 Cu & dang ion Cu*, ion héa tri thap tham
gia vao mang thu dong cé tac dung lam giam mat do
khuyét diém, giam d6 khuéch tan khuyét diém lam
mang thu dong nhé gon hon [8, 16]. So sdnh hai mang
thu dong hinh thanh trén hai Iép phu Ni va Ni-Cu trong
dung dich borat thém 0,01 M NaCl, tir két qua xac dinh
chiéu day mang thu dong va Do, nguyén té Cu tham gia
vao mang thy dong Ni-Cu duéi dang ion Cu* c6 thé
dwoc coi la nguyén nhan lam giam chiéu day va mat do
khuéch tan khuyét diém cua mang thu dong hinh thanh
trén I6p phu Ni-Cu so vai mang thu déng hinh thanh
trén I6p phu Ni.
4. Két luan

Lép pha Ni va Ni-Cu c6 ciu tric Nano dugc khao
sat kha nang dn mon va dac tinh mang thu dong hinh
thanh trén cac lop pha bang dung dich borat thém
0,01M NacCl.

Mang thu dong hinh thanh trén lop phu Ni va Ni-
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Cu déu ¢ tinh chat kiéu p.

Chiéu day mang thu dong ting cung vai gia tri
dién thé hinh thanh mang thu dong.

Mat do khuéch tan khuyét diém trong mang thu
dong Ni cao hon 2,17x10Ycm?s so Vi
1,76x107Ycm?/s trong mang thu dong tir Ni-Cu.

lon héa tri thap (Cu*) tham gia vao mang thu dong
trén 16p phu Ni-Cu wc ché sy phat trién mang thu dong
trén 16p pha nay manh hon so véi 16p pha Ni.

Cong bd nay dugc sir dung cho dé tai nghién ctu
khoa hoc thuoc Truong Pai hoc Hang hai Viét Nam
nam hoc 2019-2010: “Pdnh gid sw an mon cua 16p
phi Niken-Pong thdng qua khdo sdt dac tinh mang
thu dong”.
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