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Tom tit:

Gan day, h¢ thong bio vé catdt bang dong dién ngoai (ICCP) sir dung cic andt tro nén Ti phit hdn hop oxit hiém
MMO (mixed metal oxides) di dwoc ng dung rong rii trong bao vé chdng in mon cho vé ciia cic tau bién trong
tai 16n do ¢6 wu diém vé hi¢u qua bio vé ciing nhu tinh kinh té cao. Trong bai bio nay, viéc danh gia tinh chat vat
liéu dién cwe MMO va thiét ké, ché tao, lip dit vAn hanh mét hé théng ICCP da dwoc nghién ciru thwe hién. P
bén ciia cac vt ligu anﬁt MMO da dwgc nghién ciru danh gia bing phwong phép phén cwc dong tinh tai cac mat
do dong dién va cac nong do dung dich khac nhau. Két qua nghién ciru cho thay, h¢ di¢n cue Ti/RulrTiO, phu hop
sir dung trong hé ICCP ¢ mét do dong cao dén 600 A/m? trong moi trlrong nudée bién (3,5% NaCl). Sir dung hé dién
cuwc MMO nay, hé thong ICCP hoan chinh bao gom nguon dién mot chiéu, dién cwc anot tro' va dién cuc so sanh da
dwgc Vién Khoa hoc Vit ligu thiét ké, ché tao va lip dit bao vé chong in mon cho tau Minh Phu 99. S6 li¢u do dac
kiém tra dién thé cho théy, dién thé vé tau Am hon nhiéu so véi gia tri -800 mV (gia tri dién thé bao vé theo cac tidu
chuin bao v¢ catdt). Piéu d6 c6 nghia 1a h¢ thong ICCP di van hanh bao vé chong dn mon cho vo6 tau rit hi¢u qua.

Tir khéa: andt tro phit hdn hop oxit hiém MMO, in mon, bao vé catdt, dién thé bao vé, vé tau.

Chi s6 phdn loai: 2.5

Mé dau thé cua ving bién tau hoat dong va tuy thudc vao loai vat liéu

Viét Nam 1a mot quéc gia c6 dudng bo bidn dai nén nganh andt). Vi vay, chu ky Ién da sua cnfra cua tau dugc kéo dai Vé} s€
cong nghiép van tai bien duoc xdc dinh o vai trd then chot giam chi phi [4-6]. Hinh 1 1a so' d6 nguyén ly cua mot hé thong
trong phét trién kinh té. Clng v6i sy phat trién ctia nganh dong ~ ICCP bao vé chong an mon cho vo tau bien. Hé thong nay bao
tau, cac nghién ctu chong an mon cho vo tau cling da dugce gdm céc bd phan chinh 13 ngudn dién mot chiéu, cac dién cuc
quan tam nhiéu nham nang cao tuoi tho lam vi¢e cla tau cling  anot tro va céc dién cuc so sanh. Khi hé théng ICCP van hanh,
nhu gidm gid thanh van tadi dé tang tinh canh tranh kinh t¢.
Bao vé catdt két hop véi son phi dé chong an mon vo tau bién
¢6 hiéu qua rat cao trong moi truong bién va 1a cong vide bit
budc da dwoc Cuc Pang kiém quy dinh. Thong thuong, c6 hai
phuong phap bao vé catét 1a sir dung andt hy sinh (protecto) va
bang dong dién ngoai. Tur trude dén nay, phuong phép bao vé
vo tau bién thuong duoc st dung andt hy sinh do c6 vu diém
don gian trong lap dat va theo dai [1, 2].

cuc am cua nguon di¢n mot chiéu dugc noi vdi vo tau va cuc

Phuong phap bao vé catot chong an mon vo tau bién bang
dong dién ngoai ICCP méi duoc 4p dung nhiéu trong nhiing
nam gan day do c6 nhiing tién bo vé thiét bi cling nhu vt lidu
anodt tro [3, 4]. Uu diém ndi bat ciia phuong phap nay 1a dién
ép/d(‘)ng dién tai cac dién cuc dugc tu dong dién chinh tuy thudc Hinh 1. Hé théne chéne 3 on d tt dine done dia
vao toc dd an mon/xam thyc cta cac vung bién khac nhau, tao thh e e gng chong an mon cang cator 'ung ong cien

o S e . RS A . ngoai dién hinh: 1. Thiét bi diéu khién trung tam; 2. Nguon dién
ra hiu qua bao vé chong an mon than vo tau toi wu nhat. Tudi mat chiéu DC; 3. Thiét bi ngdn mach gida chan vit va vé tau
tho va thoi gian lam viéc cua cac dién cyc trong hé thong chong  theo co cau tiep xac chéi than; 4. Cac dién cuc anot; 5.Cac dién
an mon dang nay dugc tinh tir 10-30 nam (tuy dieu kién cu  cuc so sanh.
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Abstract:

Recently, impressed current cathodic protection (ICCP)
using mixed metal oxides (MMQO) has been widely
applied for ship hull protection from corrosion in marine
environment because of its high protection efficiency
as well as high economic efficiency. In this paper, the
characterization of MMO electrode materials as well as
the design, fabrication, assembling, and operation of an
ICCP system were reported. Stability of MMO anode
was evaluated by the galvanostatic method at different
current densities and concentrations of NaCl solution.
The results showed that Ti/RulrTiO, electrode system
may be suitable to be used in ICCP system operating
at high current density around 600 A/m? in marine
environment (NaCl 3.5%). Using this electrode system,
a full ICCP system, including an auto control rectifier,
MMO anodes, and reference electrodes was designed,
fabricated and operated by Institute of Materials
Science to protect the hull of ship Minh Phu 99. The
collected data showed that potential of ship hull was
much more negative than -800 mV (protection potential
value according to cathodic protection standards),
which means this ICCP system has operated well for six
months.

Keywords: cathodic protection, corrosion, mixed metallix
oxide (MMO) anode, protection potential, ship hull.
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duong néi voi dién cuc andt tro. Khi dong dién mot chiéu chay
qua hé théng, vo tau s€ dugc phan cuc catot va khi dat tdi dién
thé bao vé tiéu chuan -800 mV hodc 4m hon, qué trinh in mon
kim loai vo tau hdu nhw khong xay ra [7, 8].

Vit liéu andt 1 mot trong nhimg thanh phan quan trong
nhat trong hé thong thiét bi bao vé catot bang dong dién ngoai.
Tudi tho va thoi gian 1am viée cua cac dién cuc trong hé thong
chdng an mon vo tau duge tinh dén 20 nam (tuy diéu kién cu
thé cta ving bién tau hoat dong va tuy thudc vao loai vt li¢u
andt). Nhimg loai andt da duoc nghién ciru va thuong dung
hién nay Ia platin va titan phu hén hop oxit kim loai MMO.
Trong nhitng ndm gan ddy, ¢ trong nudc da trién khai nghién
ctru dién cyc andt tro MMO cho cong nghiép dién phén, con
d6i véi bao vé catot chéng dn mon cho vo tau bién chua dugc
quan tam nghién ctu ap dung [5, 9, 10].

Trong bai bao nay, nghién ciru phat trién mot hé thong
ICCP béo vé chng an mon cho vo tau bién s& duoc gidi thidu.
Cac nghién ctru ché tao va danh gia tinh chit cia cac andt tro
MMO duoc dé cap. Thiét ké, 1ap dat va van hanh hé théng
ICCP cho tau Minh Phu 99 c6 tai trong khoang 5.000 tan ciing
s€ dugc trinh bay.

Thuc nghiém
Ché tao dién cwe anét tro MMO

Andt tro hdn hop oxit MMO nén Ti dugc ché tao bé‘mg
phuong phép phan huy nhiét. Dung dich phu 1én bé mit titan
dé tao 16p phu 6xit duoc chudn bi tir cac mudi kim loai: clorua
rutheni RuCl,.xH,0, clorua iridi IrCl,.xH,0 va clorua titan
TiCl,. Ngoai ra con dung mot s6 hoa chat khac trong qua trinh
ché tao andt nhu butanol, HCI... Thanh phan dung dich phu va
quy trinh tao 16p phu oxit theo tai liéu [8]. Cac dién cuc anot Ti/
[rRuTiO, da dugc nghién ctru danh gia tinh chit bang phuong
phép phan cuc dong tinh tir thiét bi Model 2273 potentiostat/
galvanostat ¢ cac mat do dong anot khac nhau tir 200 dén 800
A/m?va trong dung dich NaCl co6 n6ng do tir 0,2 dén 3,5%.

Ché tgo hé thong ICCP

Mot hé théng ICCP hoan chinh bao gdm mét ngudn dién
mdt chidu, cac andt tro va cac dién cuc so sanh da duoc thiét ké
ché tao tai Vién Khoa hoc Vat liéu. Ngu@)n dién mot chiéu ché
tao co cac thong s6 dién 24 V - 30 A ¢6 hé théng tur d@)ng didu
chinh dién ap va tich hop hé thdng luu trit sb liéu tw dong. Cac
dién cyc anot tro c6 dang hinh tron véi duong kinh 20 cm. Lop
phu oxit IrRuTiO, dugc ché tao c6 chiéu day dam bao cho dién
cuc lam viéc voi tu01 tho 20 nam. Céc dién cuc andt dugce lap
dat trong vo thép va duoc chong tham nudc bing cac gioing
cAu cao su. Mt ngoai cua bg dién cuc dugc bao v¢ tic dong co
hoc béng mdt tim nhwa HDPE ¢ dd bén co hoc cao. Vi thiét
ké tuong tu, dién cuc so sanh kém da dugc ché tao str dung lam
dién cyc so sanh trong hé théng ICCP. Hé théng ICCP duoc lép
dat bao v€ cho tau hang Minh Phu 99 c6 tai trong hang khoang
5.000 tan dugc dong méi va ha thiy vao thang 10/2017.
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Dic trung tinh chit ciia dién cwe anot tro MMO
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Hinh 2. Pién th& ciia anét Ti/Ir0,/Ru0,IrO,TiO, trong dung dich
3,5% NaCl ¢ cac mat d¢ dong khéac nhau.

Hinh 2 cho biét anh huéng ciia mat o dong phén cuc dén
dién thé cua anot Ti/IrO /RuO,IrO, TiO, trong dung dich 3,5%
NaCl. ién thé phan cuc cua anot tang kh1 mat do dong phan
cyc tang. Sau khoang 8 thang thir nghiém, dién thé phan cuc
van 6n dinh ké ca voi mat do dong cao 800 A/m? chimg to céc
andt déu co do bén dién hoa cao, co thé 1 g dung trong bao vé
catot bang dong dién ngoai trong nudc bién.

Két qua trén hinh 3 1a anh huong cua nong do NaCl dén
dién thé cua cac anot khi phan cuc ¢ mat do dong 600 A/m?.
Nong d6 NaCl cang thap thi do phén cuc cua andt cang cao.
Anot T1/IrO ,/RuO,-TiO khong bén dién hoa ké ca trong dung
dich c6 nong do NaCl cao dén 2%, sau mot thm gian ngan thu
nghiém dién thé andt da ting cao, thoi gian sdng clia andt giam
theo n6ng d6 NaCl. Trong khi do, dién thé cua anot Ti/IrO,/
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Hinh 3. Dién thé theo thdi gian clia cic anét trong dung dich (A)
0,2% NaCl; (B) 0,5% NaCl; (C) 0,8% NaCl va (D) 3,5% NaCl
mat do dong phan cuc i=600 A/m?.
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RuO,Ir0,TiO, van 6n dinh sau 120 ngay thir nghiém & cac dung
dich tren 0, 5% NaCl. Sy ¢6 mat cua IrO, da lam tang d6 bén
cta 16p ph MMO. Nhu vay, qua thir nghlem d4nh gia tinh chét
cic dién cuc MMO, dién cuc andt tro Ti/IrO,/RuO,IrO, TiO, la
phu hop nhat va duoc lya chon trong tmg dung bao \ catot
bang dong dién ngoai ICCP ¢ mat do dong cao dén 600 A/m?
trong mdi trudng nude bién (3,5% NaCl).

Thiét ké, ché tago va ldp dit vin hanh hé théng ICCP bio
vé chéng in mon vé tau bién

Mot hé théng ICCP hoan chinh dugc nghién ctu thiét ké
bao vé chéng an mon cho tau hang Minh Phii 99 ¢6 tai trong
khoang 5.000 tan. Theo thiét ké, dién tich can bao vé cta vo
tau thay ddi trong khodng 1.722 dén 2.580 m?phu thudc vao tai
trong hang chét trén tau.

Trong hé théng bao vé catdt ICCP, dién ap bao vé cia vo
tau can ludn duy tri am hon -800 mV dé dam bao cho cong
trinh khong bi an mon. Theo tidu chuan vé bao vé catot, mat
do dong dién bao vé cho cong trinh thép co st dung 16p son
phtt lam viéc trong moi truong bién khoang 3 mA/m? trong giai
doan dau van hanh cong trinh. Theo thoi gian 1am viéc, 16p son
pht bi hu hai dan nén sau 5 ndm mét do dong dién bao v¢ co
thé tang 1én dén 6 mA/m2. Do d6, dé bao vé giai doan diu cho
vo tau Minh Pht 99, dong dién bao vé thay doi trong khoang:

I =0,003x1.722 = 5,166 (4)
= 0,003x2.580 = 7,740 (4)

Gia tri dong dién bao vé thay dbi la do sy thay ddi cua ving
mén nude vo tau khi tai hang thay doi va sé thay doi theo thoi
gian khi 16p son vo tau bi hong dan. Trén co s gia tri dong dién
bao vé tinh toan dugc, mot h¢ ICCP da dugc nghién cuu phat
trién bao vé chdng an mon cho tau Minh Phu 99. Hé thong nay
bao gém nguén dién mot chiéu, cac dién cuc andt tro va cac
dién cuc so sanh.

val
max

Thiét ké ché tao nguén dién ty dong on dinh dién thé: do tau
van tai chay ca duong song va duong bién c6 moi truong nude
thay doi tor nudc ngot sang nudc man nén dé co6 thé cung cap
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Hinh 4. So do khdi ctia ngudn dién mot chiéu cong suat 24 V - 30 A
trong hé théng ICCP.
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du dong dién bao vé vo tau, ngudn dién mot chiéu 24 V - 30 A
da dugc nghién ctru ché tao va dong dién s& duoc tw dong diéu
chinh theo dién thé so sanh dé phu hop mg dung trong bao vé
chdng an mon. Hinh 4 13 so d6 khéi cua bo ngudn véi cac khdi
chtic nang.

Trong cac khdi chtrc niang thi bd phan diéu khién trung tim
c6 nhi¢ém vy quan trong nhit. Bo phan nay co vai tro didu khién
hoat dong cua toan by h¢ thiét bi. Chirc nang quan trong nhét
ctia no 1a didu khién dién ap ngudn sao cho dién ap cua dién
cuc so sanh so v6i catot phai bang dién ap dit trude. Ngoai ra
1n6 con ¢6 vai trd do va luu tri s liéu, hién thi cac thong s trén
man hinh LCD va man hinh LED. Hinh 5 13 so d6 nguyén Iy
van hanh cua bo diéu khién trung tm sir dung chip diéu khién
Atmega 128.

DAC, ADC
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Hinh 5. So dd nguyén ly van hanh ctia by diéu khién trung tam st
dung chip diéu khién Atmega 128.

Xung didu khién Thyristor

Vi cac co s nguyén 1y trén, chung t6i da thiét ké va ché
tao bd ngudn dién c6 cac thong s0 ky thuét nhu sau: dong t6i da
30 A va dién ap ti da 24 V, sai s giira gia tri dién 4p so sanh
dat trude va dién ap so sanh khdng ché duoc 1a £20 mV.

Bén canh kha ning diéu khién tu dong, hé thong nguon
ciing d4 dugc nghién ctu tich hop phan mém luu trir dir liéu
va két ndi may tinh. Theo d6 s6 lidu dugc luu trir theo 2 kénh
bao gom gid tri dién thé va thoi gian do. Thiét bj duoc két ndi
v6i mdy tinh qua cong COM hogc USB dé xuét dit liéu boi mot
phan mém chay trén mdy tinh. Chung t61 da hoan thién viéc
xay dung phan mém may tinh dugc viét bang chuong trinh
Visual Basic dé két ndi cac bd phan cia hé thong bao vé voi
giao dién nhu hinh 6. Chuong trinh phan mém c6 kha ning dat
cac thong s6 dién thé bao vé va thoi gian ghi s6 liéu. Ung dung
nay rat dé s dung, chay tich hop trén cc nén tang win cao

PHAN MEM THU THAP VA LUU TRU s& LIEU
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Hinh 6. Giao dién chuong trinh luu trif s6 liéu.
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cap va dic biét c6 thé nang cap phu hop theo yéu cau sir dung.

Thiét ké va ché tao cdc dién cuc andt tro va cdc dién cuc
so sanh: vt lidu dién cyc nén Ti phu hon hop oxit kim loai
[rRuTiO, c6 do bén cao da dugc lya chon sir dung trong hé
thong ICCP cua tau Minh Phu 99. Céac dién cuc andt tro co
dang hinh tron véi duong kinh 20 cm va mat do dong thiét ké
1a 600 A/m?. Lop phu oxit IrRuTiO, dugc ché tao c6 chiéu day
dam bao cho dién cuc 1am viée voi tudi tho 20 nam. Céc dién
cyc andt dugc lap dat trong vo thép va dugc chdng tham nudc
bang céc giodng cau cao su. Mt ngoai cua bo dién cyc duge
pht boi mot tam nhua HDPE ¢6 d6 bén co hoc cao. Vi thiét
ké tuong ty, dién cuc so sanh kém da duoc ché tao su dung lam
dién cuc so sanh trong hé thong ICCP. Chi tiét ciu tao cua cac
loai dién cuc nay dugc trinh bay trén cac hinh 7 va 8.

Hinh 7. Hinh anh dién cyc an6t Hinh 8. Hinh anh dién cuc
tro Ti/IrRuTiO, ch& tao cho hé so sanh Zn ché tao cho hé
thong ICCP. théng ICCP.

Lap dat hé théng ICCP trén tau Minh Phii 99: so d6 hé
théng ICCP lép dat van hanh trén tau Minh Phu 99 dugc trinh
bay trén hinh 9. Hé thong nay bao gdm mot ngudn dién, 4 dién
cuc andt tro va 2 dién cuc so sanh. Bén bd dién cuc andt tro
dwoc lap dit ddi ximg gan dau tau va gan dudi tau dé dam bao
phan bd dong dién bao vé déu khap vo tau. Trong khi d6, 2 dién
cuc so sanh Zn duoc lép & miii tau dé theo ddi dugc dién thé
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Hinh 9. So d6 thiét k& hé théng ICCP clia tau Minh Phii 99.



bao vé cho ca hé thong. Cac qua trinh lip dit hé thong ICCP
duoc minh hoa trén cac hinh 10 va 11.

Hinh 10. Lip dat Hinh 11. Lip dit tim chan dién bing
dién cuc andt trg vat liéu composit quanh anét.

trén than tau Minh

Phd 99.

Po dac danh gid va kiém tra hé thong ICCP: dé theo doi
kha nang bao vé cuia hé théng ICCP, dién thé cia vo tau duge do
kiém tra tai 9 vi tri quanh tau nhu so dd trén hinh 12. Dia diém
khao sat dugc thyc hién tai viing bién Cam Pha noi tau Minh
Pha vén chuyén than v6i mén nude 7 m vao ngay 10/11/2017.
Bang 1 biéu dién anh huong cua dong dién bao vé dén gid tri
dién thé bao vé ctia vo tau. Nhin chung, khi tang dong dién,
dién thé vo tau cling am hon va déu dat dwoc trén tiéu chun
bao vé 1a am hon -800 mV; Ag/AgCl. Dya trén cac két qua da
khao sat, ché do van hanh cua thiét bi ngué)n dugc lya chon 1a
dién ap mot chiéu ¢6 dinh tai gia tri 3,3 V va dong dién tuong
ung khoang 2,8-3,0 A.

] L] Le]

[=]

Xi L=

=] L]
Hinh 12. So dd cac vi tri do kiém tra dién thé& clia vo tau.

Bang 1. Pién thé clia v6 tau tai cac gia tri dong dién bdo vé khac
nhau.

Dién thé vé tau (mV; Ag/AgCl)

1(A)
Vi V2 V3 Z1 4 V6 V7 14 V9

1 947 -975 -996 -996 -996 -994 91 971 -948

18 962 -984 -1.005  -1.008  -1.003  -1.006  -1.011 997 -967
24 980 -993 1012 1016 -1017  -1.014  -1.019  -1.010 972
27 9% -1.004  -1.021  -1.024  -1025  -1.030  -1.027  -1.020 977
34 -1008  -1015  -1.029  -1.032  -1.034  -1.039  -LO38  -1.031  -988
4 -1018  -1.030  -1.043  -1.048  -1.045  -1.05S1 -1.0S3 -LO49 992
48  -1030 -1.042  -1.057  -1060  -1.0SI  -1.062  -1.065  -1.064 1011

Bang 2 14 céc gi4 trj dién thé vo tau dwoc luu trit trong sudt
qua trinh van hanh cua tau Minh Pha 99 tir ngay 14/1/2018 dén
15/5/2018. Cac gia tri dién thé do dwoc déu cao hon nhiéu so
voi dién thé bao vé theo tiéu chuan (-800 mV; Ag/AgCl). Dicu
nay di thé hién rang hé théng ICCP d van hanh bao vé chong
an mon cho vo tau rt hiéu qua.
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Bang 2. Céc gia tri do dién thé vé tau Minh Phd 99 luu trif trong
qua trinh van hanh.

Giv: phit  Ngay/thang/nim 51 Lz it Wit
(mV;Zn) (mV;Zn) (mV;Ag/AgCl) (mV;Ag/AgCl)

9:46 15/05/2018 101 103 -949 -947

9:46 30/04/2018 101 135 -949 915

9:46 24/04/2018 101 133 -949 917

11:12 31/03/2018 133 131 -917 -919

8:00 27/02/2018 92 90 -958 -960

8:39 14/01/2018 45 45 -1.005 -1.005
Két luan

1) B nghién ciru anh huong cua mat do dong dién va ndng
do dung dich NaCl dén do bén cua andt tro hdn hop oxit kim
loai quy hiérp MMO. bién cuc an{)t tro Ti/IrO,/Ru0,IrO, TiO,
phu hop nhat cho bdo v¢ catdt bang dong di¢n ngoai ¢ mat
d6 dong cao dén 600 A/m? trong moi truong nude bién (3,5%
NacCl).

2) Mot hé thong bao vé catdt bang dong dién ngoai ICCP
hoan chinh bao g@)m: mot nguén dién mot chiéu tyu dong didu
khién 30 V - 25 A tich hop hé thong lwu trit s6 lidu, 04 dién cuc
andt tro MMO va 02 dién cuc so sanh Zn di dugc thiét ké, ché
tao va lap dit bao vé vo tau Minh Phu 99. Cac s ligu do dac
cho théy hé théng d3 van hanh bao vé tot cho vo tau sau khoang
ntra ndm hoat dong.

L1 CAM ON

Bai b4do nay dwoc hoan thanh véi sy hd tro kinh phi
cta dé tai VAST.NDP.02/14-15. Cac tac gia xin tran trong cam
on.
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