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Tém tit

Bdo vé catét dwoc xem la phwong phdp hiéu qua
dé bao vé kim logi khéi an mon trong nuoc bién.
Phwong phap bao vé nay thuong di kem voi su
hinh thanh cdc két tia trén bé mdt kim logi duoc
bao vé. Trong bai bdo nay, sw thay déi nong do
ciia cdc ion trong I6p khuéch tin duwdi tic dung
cua dong dién mot chiéu, t6c dd hinh thanh cdc
chdt két tia va thanh phan cia ching trong hén
hop da dwoc nghién ciu bang mé hinh todn hoc.
Két qua nghién ciu da chi ra rang khi mdt do

dong dién tang, nong dé cia cdc ion OH ™,

2— v \ A A i , . — .
CO;" tang va nong do cua cac ion HCO; gidm

dan. Két qua tinh todn cho thdy cdc thanh phan
mol ciia cdc chat trong két tia bang nhau & mdt
do dong dién la 1,4 A/m’.

Tw kh()?: Vin chuyén khéi hf’ang, bdo vé catét
nwoc bién, mdt dé dong dién, ket tua.

Abstract

Cathodic protection is considered the effective
method to protect metals from corrosion in
seawater. This method of protection is often
accompanied by the formation of calcareous
deposits on the cathodically protected metal
surface. In this study, the change of concentration
of ions in the diffusion layer under the effect of
DC current, the rate of formation of calcareous
deposits and their composition in the mixture were
studied by modeling method. Research results

have shown that as the current density increases,

. . — 2— .
the concentration of ions OH™, C'O,; increases,

and the concentration of ions HCO, decreases.

The caculation results showed that the molar

components of the substances in the compound
are equal at a current density of 1,4 A/m?.
Keywords: Mass transport, cathodic protection,

sea water, current density, calcareous deposits.

1. Pit van dé

An mon 13 hién tuong xay ra phd bién dbi véi cac
chu tric kim loai cta cac cong trinh ngoai khoi. Cac
cAu truc kim loai nay can duoc bao vé dé tang do tin
cay khi hoat dong va kéo dai tudi tho cua chung do
tinh 4n mon cao ciia nudce bién.

Trong s6 cic phwong phap bao vé an mon,
phuong phap bao vé catdt duoc coi 1a phwong phép
bao v¢ hi¢u qua cho cac két cau kim loai trong nudc
bién [1, 2].

Bao vé catdt cua kim loai trong nudc bién thuong
di kém véi sy hinh thanh cac mudi két tua trén bé
mat kim loai. Thanh phﬁn chinh cua két tia bao gém
Mg(OH), va CaCOs [3]. Nguyén nhén cta sy hinh
thanh cac két tia nay 1a do trong qua trinh bao vé
cat6t ion OH™ hinh thanh theo cac phan mg sau:

O, +4e” +2H,0 — 40H", (1)
hoac:
2H,0+2 —20H +H,T. Q)

Nong d6 ion OH™ tao ra lam ting pH & bé mat
kim loai dugc bao vé an mon bang phuong phép

catbt. Dong thoi, do su ¢ mit ctia ion H CO; trong
nuée bién, ion C’O;’ dugc hinh thanh theo phan

ung (3):
OH™ + HCO, <> CO:j’ + H,0. 3)

bicu nay lam ting nong do cla cac ion CO;’ o

bé mit kim loai va khi ¢4 du nong d6 ion Ca®* hodc
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Mg, cac két tia s& duoc hinh thanh trén bé mit kim

loai néu ndng d6 CaCOs va Mg(OH), [4] dat dén
murc d bao hoa theo cac phan rng sau:

Ca™ +CO; — CaCO, ¥ 4)

Mg +20H — Mg(OH), \ . ()

Su hinh thanh két tua trén bé mat kim loai duoc
bao vé bang phuong phap catbt phu thudc vao nhiét
do 2, 5], pH [6], mat d dong dién [7, 8], tinh trang
bé mit kim loai [9], 4nh sang mat troi [10-12], ion
sunfat [13], 4p sudt va thanh phan cia nudc bién
[14-16].

L6p két taa hinh thanh trén bé mat kim loai dugc
bao vé catbt c6 thé lam giam cac yéu cau vé gid tri
cua dong dién bao v¢ va nang cao kha nang bao vé
kim loai chéng lai sy an mon khi khong c¢6 dong dién
bao vé [4, 7, 12]. Tac dung bao vé chéng lai su an
mon trong qua trinh hinh thanh 16p két tua duoc tao
ra do su thay ddi cac dic tinh cta nudc bién gin bé
mit kim loai duoc bao vé va tao ra mot rao can bd
sung d6i v6i sy chuyén dong cua cac thanh phan
tham gia vao qua trinh &n mon. Vi du, sy khuéch tan
ctia oxy, 1am han ché phan mg khir oxy trén bé mat
kim loai [13].

Viéc tinh toan, md phong qua trinh hinh thanh két
tua trén bé mat kim loai da duoc bao cdo trong mot
sO cong trinh da dugc cong bd [6, 17, 18]. Nhimng
cong bd nay sir dung cac phuong phap mod phong 2D
hodc 3D dé mo phong qua trinh hinh thanh két tia
trén bé mt kim loai.

Muc dich cua bai bao 1a xay dung mo hinh toan

hoc va mo phong su thay doi nong do cua cac ion
trong 16p khuéch tan va téc d¢ hinh thanh cac két tua
trén bé mat kim loai cia cac cong trinh ngoai khoi
khi dugc bao vé dn mon bang phwong phép catdt &
cac gia tri mat d¢ dong dién ngoai khac nhau.
2. Xay dung md hinh toan hoc vé sy hinh
thanh cac két tia trén bé mit kim loai khi
dwge bao vé bing phwong phip catdt trong
nuée bién

Pé xay dung mo hinh toan hoc vé sy hinh thanh
cac két tua trén bé mat kim loai khi duoc bao vé
bang phuong phép catbt c6 thé gia dinh rang ton tai
céc trang thai trung gian trong cic phan tmg tao két
tua cua Mg(OH), va CaCOs. Tuy nhién, céac trang
thai trung gian nay ton tai trong thoi gian rat ngén
nén c6 thé boé qua [17]. Qua trinh hinh thanh két tua
dugc mo ta nhu trong Hinh 1.

Nudic bién ngoai
lap khuéch tan
T

Lép khuéch tan

Hinh 1. So dé hinh thanh két tiia trong I6p khuéch tin

Theo Fetter [19] viéc xac dinh sy phan bd nf")ng
do cac ion OH , COY va HCO, trong l6p

khuéch tan din dén bai toan vé sy khuéch tan c6 tinh
dén su can béng cac chit va o thé xéac dinh duogc boi
hé phuong trinh (6)

oc, _oc, i
oI By Pt B

ox oz Fo
801 +D3%=__i+l_1+ll’

or F F F
C.C, = KC,

D,
' ox

(6)

Trong d6: C), C, C3 - Nong d6 twong mg cua
cac ion OH,HCO; ,CO.", (mol/m?); D\, Dy, Ds -

Hé s6 khuéch tan cua cac ion OH, H co, ,C’O;’ ,

(m?gidy); K - Hang s6 biéu kién ctia can bang dong
nhét trong phan tmg (3), (mol/m’); F - S6 Faraday,
C/mol; x - Khoang céch tinh tir bé mit kim loai, m; i
- Mat d6 dong dién bao vé, (A/m?), i1, i» - Mat do
dong dién két tna twong (mg cua CaCO;3 va Mg(OH),,
(A/m?).

Trong qua trinh két tia, sy hinh thanh két tia ciia
CaCOs s& dan dén sy giam nong do cua cac ion

CO va Ca’ trén bé mit cua kim loai dugc bao
vé catbt, va tdc do két tua s& phu thude n(“)ng do cua
cacion CO;” va Ca’ . Tdc d6 két tia ciia CaCOs
dugc tinh bang biéu thirc (7) [18]:

m

Yo Cop ¥ oee-C,

—k Ca®’ cOy T 00y
TCaC()S ~ Mcaco, K
5p,CaCO;

Trong do: Toaco, Toc do két tua cua CaCOs,
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(g/mol); 'k, co,” Hang s6 toc d¢ két tiia cia CaCOs3,

mol/(m?gidy); m - Thi ty phan tng; ¥

ca’ Teor

h¢ s6 hoat d tuong Umg cia ion Ca’*va COY ;

K - Tich sb tan ctia CaCOs, (mol*/m®); Cos

sp,CaCO;,

A A ’ 5 . 2+ \ 2—
CCQ?, - Nong d6 twong ung cuaion Ca™ va CO;

(mol/m?3).

Néu ndng do cua ion Ca?"16n hon so véi nong
d6 cua ion CO.™ thi chi can tinh dén su bdo hoa
ddi véi cac ion CO;™ . Khi d6 mat do dong dién két
ta ctia CaCO;3 duoc tinh bang biéu thirc (8) [20]:

i =B(c-c), ®)
kCaCO
Trong do: B = F 2

VeV oy Ca®* bulk
sp,CaCO,

o Nong d6 cua ion Ca’'trong nudc bién,
o™ bulk

(mol/m?); C; - Nong do cua cac ion C’O;’ trén bé

5p,CaCOy

mit catdt; C; = - Néng do cuia

7/(7(124 7/C 0;2 - CC " bulk
cacion CO. & trang thai can bang.

Gia tri cia B; dugc tinh tr thyc nghiém. Trong
bai bao B; dugc tinh tir cac gia tri 1y tir Bang 1 va
Béang 2,

B _ F k(r'rlCO:‘

1 Ca**/ COY
sp,CaCO;

=9,5x107 (Am/mol).
Tuong tu, su két tua cua Mg(OH); s€& din dén su

Ca** bulk

giam nong do cia Mg™* va OH~ & bé mit cia kim
loai duoc bao vé catdt, va tbe do két tia sé phu thudc
vao muc ndng do cua cac ion Mg™" va OH™ . Thc

d6 két tiia cia Mg(OH), duoc tinh bang biéu thirc (9)
(18],
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K
_ 2 _ sp,Mg(OH ),
Tugtom, = Fagom, | CCon- S @
4 Mg** 7 OH~
Trong do: Tctom, ” Toc d6 ket tha cia Mg(OH),,

(g/mol); qu(OH)Z - Hang so0 toc do két tua cua

Mg(OH),, m’/(mol’gidy); y - Hé sb hoat

Mg+ 7, OH~

d6 tuong Ung cua ion Mg~ va OH ; K

sp,Mg(OH ), )

tich s6 tan ciia Mg(OH),, (mol*/m"); c..C, -
g

OH~

Nong d6 twong ung cua ion Mg™ va OH ™,
(mol/m’).

Néu ndng d6 cua ion Mg”* 16n hon so v&i nong
do cuaion OH~ thi chi can tinh dén sy bdo hoa dbi

voi cac ion OH™ . Khi d6 mat d¢ dong dién két tua

ctia Mg(OH), dugc tinh bang biéu thirc (10) [20],

. 52 02
i, =B, (2 -c), (10)
Trong do: Bz =F kM_q(OH)2 OMgiﬂhum ’ CMggtbum .

Nong do cta ion Mg™* trong nude bién, (mol/m’);

C; - Nong d6 cua cac ion Mg trén bé mat catdt;

sp,Mg(OH),

7oy, C

Mg** ! OH™

O - Nong d6 cua cac ion

Mg** bulk
OH™ ¢ trang thai can bang.

Gia tri ciia B, dugc tinh tr thuc nghiém. Trong
bai bao B, dugc tinh tir cac gia tri ldy tir Bang 1 va
Bang 2,

B, =Fk, . C =2,01 (Am*/mol’).

Mg(OH), ~ Mg** bulk

3. Két qua tinh toan va thao luin

Str dung cong cu odel5i trong ngbén ngir lap
MATLAB dé giai hé phuong trinh (6) thu dugc két
quéa vé su phan b nong do cac ion trong 16p khuéch
tan gan bé mat kim loai dugc bao vé catdt va téc do
hinh thanh cua céc két tia CaCO; va Mg(OH); trén
bé mat kim loai & cac gia tri mat dd dong dién khéc
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nhau (Hinh 2, 3 va 4). Cac tham s6 sir dung trong
tinh toan dwoc 14y tir Bang 1 va 2, twong tng voi gia

tri thue ciia nudce bién ty nhién.
Bing 1. H¢ s6 khuéch tin va néng dj ciia

nuoc bién

cdc ion trong

Hé s khuéch tan Nbng do

Ton Y ;

(m?/gidy) (mol/m?)
OH~ 52,7x107 [21]  1,6x10°  [18]
HCO;  1,19x10” [21] 1,54 [18]
cor 9,55x1071 [21] 0 [22]
Ca** 9,55x10"°  [21] 10,5 [18]
Mg* 7,05x101°  [21] 54,5 [18]

Bing 2. Cic hing sé dwoc sie dung trong tinh todn

R A ., Tai liéu

Thong so Do lon tham khio
Ks'p,CaC()x 5 X 10-3 (mOZZ/m6) [23]
K My(Om), 5,5%107 (mol’/m®) [23]
Keuco, 1,13x10°8 (mol/m?) [18]
kMg(OH)z 3,7x107 (m’/gidy mol’) [18]
Vo 0.2 [22]
7 cor- 0,02 [22]
F 9,65x10* (C/mol) [23]
o 2x10* (m) [22]
K 1,3x1072 (mol/m?) [24]
m 1,7 [18]

Hinh 2 biéu dién su phan b6 nong d¢ ciia cac ion

OH", CO;’ va HCO, trong 16p khucch tin &

cac gia tri mat d§ dong dién khac nhau, co thé théy
ring nong d¢ cia cdc ion OH , CO. tang khi mat

d6 dong dién tang 1én, va nong do cia cac ion

HCO, giam dan. Két qua thu dugc cta bai bao

trong tu voi két qua da duoc cong bd trong cac bai

béo [17, 18].

[mol/m?)

Nong do cua cic ion

KHOA HOC - CONG NGHE

1,0 15 2,0 2,

S [m] x10

Hinh 2. Sw phéin bé nong dp ciia cdc ion OH™,

- - . £ , Ry
CO;” va HCO; trong lép khuéch tin 6 6 cdc gid

it [A/m?]

Hinh 3 va Hinh 4 trinh bay sy phu thudc ciia mat
d6 dong két tia CaCO; va Mg(OH), vao mat do

tri mét dp dong di¢n khdac nhau i = 0+ 5 A/m?

0.03

0,025

0,02

0,015

0,01

0,005 -

2 3 4 5
i[A/m?]

Hinh 3. Mt dp dong dién két tiia ciia CaCO;

2 3 4 5
i [A/m?]

Hinh 4. Mgt dp dong két tiia ciia Mg(OH):

dong dién ngoai. O mat 6 dong dién ngoai nhé hon
1 A/m?, toc do két tia CaCOs trén bé mit kim loai
duoc bao vé catdt trong nudce bién ting nhanh. Trong
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khi d6, Mg(OH), gan nhu khong hinh thanh két tua.
O mat d6 dong dién 16n hon 1 A/m?, tbe d6 két tua
clia Mg(OH), tang theo quy ludt gin giéng duong
cong parabol, toc do két tia ciia CaCOs; gan nhu
khong d6i. Piéu nay c6 thé giai thich ring & mat do
dong dién nho hon 1 A/m? toan bd ion OH™ dugce tao
ra tir phan ung (2) hoéc (3) s€ tham gia vao phan ing
(4), va tiép dén 1a phan tmg tao két tia CaCO; do
ndng d6 ion OH tao ra nho hon gi4 tri bio hoa cua
Mg(OH),, phan tmg tao két taa (5) chua xay ra. O
céc gia tri mat 46 dong dién 16n hon 1 A/m? khi néng
d6 ion OH" sinh ra du 16n thi s& xuét hién dong thoi
két tia CaCOs3 va Mg(OH), trén bé mat kim loai.

Thanh phan cia cac chat két tia dudi dang thanh
phan s6 mol c6 thé duoc tinh nhu sau:

m
_ CaCO,
ﬂ0a01)3 - N (11
Mouco, ¥ Magiom),
m
_ Mg(OH),
ﬂM,,(OH)2 - m +m (12)
CaC0, Mg(OH),
L, ]‘46’(%70:J L t N
Trong do: Myco = —— va
3 2 F
M it
Mg(OH), 2 Ao 5 \
m = MO 2 Khéi lugng cia CaCO; va
Mg(OH), 2 F
2

Mg(OH), da hinh thanh trén bé mat kim loai; zi, z» -
S electron tham gia vao qua trinh hinh thanh CaCO;
(z1 = 1) va Mg(OH); (z2 = 2).

M i
. , Caco,
Khi do: Heuco, = " 0 5$M —
caco,t T 90 Mypom, b
M My(om), 2
Hy, =
4(OH), : .
M, cacot T 0,5M My(om), 2

Két qua tinh toan thanh phan mol ciia cac chat
két tua trén bé mat kim loai dugc thé hién trén
Hinh 5.

Hinh 5 cho théy khi mat d6 dong dién tang, thanh
phan mol ciia CaCOs trong két tia trén bé mat kim
loai dugc bao vé giam, trong khi thanh phém mol cua
Mg(OH), ting. Thanh phin mol ciia CaCO; va
Mg(OH), trong két tia bang nhau & gia tri mat do
dong dién ngoai 1,4 A/m2.

Két qua thu dugc cho thy rang co thé thay ddi
mat d6 dong dién ngoai dé dat duoc lop két tua
mong mudn. D@)ng thoi, néu xac dinh duoc thanh
phan nao trong 16p két tia cho kha ning bao vé tot
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hon thi chiing ta ¢ thé xac dinh duoc mat d6 dong
dién t6i wu giup hé thdng bao vé lam viéc voi hidu
qua kinh té cao hon khi tan dung kha ning bao vé
ctia 16p két ta hinh thanh trén bé mit kim loai.

~+ CaCO;s
= Mg(OH)2
By &0
0.8
0.6
04
02
0 : : 4
0 1 2 3 4 5

i[ A/m?]

Hinh 5. Thanh phin mol ciia CaCO3 va Mg(OH);

4. Két luan

Bai bao d tinh toan, md phong sy phan bd ndng
dd cua cac ion trong 16p khuéch tan, téc do hinh
thanh va thanh phan cia cac chit két tia dugc hinh
thanh. Két qua nghién ciru c6 su tuong ddng véi cac
nghién ctru trude d6 va giap ching ta hiéu sau hon
vé qua trinh hinh thanh cac chit két tia trén bé mit
kim loai dugc bao vé catdt.

Trong nghién ctru toi ching t6i s& tién hanh cac
thi nghiém thyc té dé xac dinh toc d¢ hinh thanh va
thanh phan cac chat két tua, danh gia mtrc do chinh
xac cua mo hinh tinh toan dugc st dung trong nghién
clru nay.

Lo1i cam on

Nghién ctru nay duogc tai trg boi Truong Dai hoc
Hang hai Viét Nam trong dé ma s6: DT21-22.15.
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