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KHAO SAT KHA NANG SU DUNG ANOT TREN CO SO’ HQP
KIM SAT SILIC TRONG BAO VE CATOT BANG DONG NGOAI
CHO THEP CACBON TRONG MOI TRUONG DAT

DINH THI MAI THANH, NGUYEN VAN CHIEN, NGUYEN THI LINH

1. MO PAU

Hién nay & Viét Nam, phuong phdp béo vé catot bang dong ngoai duoc sir dung phd bién
cho cdc cong trinh ngdm va bdn ngdm trong dat nhu hé thong dudng ong din, bon va bé chita
xang dau [1 - 4]. Hiéu qua cla phuong phdp nay phu thudc vao nhiéu yéu t6: thiét k& lap dat
anot, mat do dong dp dat va vat lieu ding lam anot. Bat ki mot vat liéu nao ¢6 kha nang dan dién
déu c6 thé duogc str dung lam anot tro cho hé bao vé catot ding dong ngoai. Tuy nhién dé dat
duoc hiéu qua bao ve, vat lieu dung 1am anoét tro phai dép dng dugc mot s6 yéu ciu co ban sau:
dan dién t6t, t6c do an mon thap trong moi trudng st dung, c6 do bén co hoc cao chiu duoc ting
sudt sinh ra trong qud trinh 1ap dat va van hanh, chiu dugc dong tai 16n va gia thanh théap [5 - 7].

Hop kim st silic 12 mot loai vat liéu ¢6 kha nang chéng dn mon cao trong nhiéu moi trudng
xam thuc, dac biét trong nhitng moi truong c¢6 kha nang oxy hod nhu: axit nitric, axit sunphuric,
axit cromic... S& di do bén cua sit silic cao 1a do trén bé mit c6 16p mang oxit silic (Si0,). Sét
silic dugc tng dung rong rai trong cong nghiép co khi, cong nghiép dién va cong nghiép dién
ho4. St silic dap tng day du yéu cau dé lam anot tro trong bdo vé catot bang dong ngoai. Bai
bdo nay gidi thiéu két qua nghién citu budc ddu vé cdch xur 1i bé mat sét silic va dién bién anot
clia n6 trong moi trudng dat.

2. DIEU KIEN THU'C NGHIEM

Céc thi nghiém dién hod dugc tién hanh trong binh ba dién cuc, c6 thé tich 500 ml dugc
nhoi day dat dong bang chau thé song Hong véi do am trung binh 1a 18% va pH = 6,9. Dién cuc
so sanh dugc st dung 1a sunphat doéng, dién cuc doi thep cacbon thap va dién cuc lam viéc 1a sét
silic v6i dién tich SCm Mau sat silic dugc xtr 1i bang glay nham 100, 240, 600, 800 va 1200. Sau
d6 rira sach mau bang nudc cit, trang lai bang con va tlep tuc tim thyc miu 15 phiit trong hon
hop dung dich H,SO4 10% + HF 2% dé dan mon hop kim tao ra bé mat ghd ghé nhim dua thém
oxit clia vanadi vao hgp kim béng phuong phép phan huy nhiét. Trong bai bdo nay st dung 4 loai
dién cuc sit silic duoc ki hiéu nhu sau:

Mau sit silic chua tdm thuc: CTT;

Mau sit silic tdm thuc chua 4: TTCU;

Mau sat silic tdim thuc va G & 800°C trong 4 gio: TTU;

Mau sit silic tim thuc réi nhing vao dung dich muéi clia vanadi va G & 800°C: TTU-V.

Ciéc thong s6 dién hoa clia 4 loai dién cuc st silic dugc do trén mdy Potentiostat Autolab
PGSTAT 30 (Ha Lan). Nhiing phan tich cau triic pha va hinh thdi hoc va thanh phén cta dién cuc
sét silic dugc thuc hién trén mdy Semen D5000, phét bang tia cuc dong, nang luong 8,04 KeV,
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budc séng kich thich A = 1,54056 A° va kinh hién vi dién tlr quét S-4800 Hatochi Technologies
(Singapore) két noi v6i hé EDS Horiba ciia Nhat Ban ma s6 TA-10-09.

3. KET QUA VA THAO LUAN
3.1. Chon dung dich tdm thye

Dé lya chon dung d1ch tam thuc thich hop, ching t6i da tién hanh do su bién thién dién thé
mach hé theo thoi gian tAm thuc ciia mau st silic trong dung dich HF 3% va hdn hop HF 2% +
H,SO, 10% (hinh 1). Két qua cho thdy, trong ca hai loai dung dich, dién thé déu c6 xu hudng
tang 1én, tuy nhién tc d6 ting dién thé trong hdn hop hai axit nhanh hon trong axit HE. Béi vi
trong hdn hop hai axit sit bi hoa tan nhanh hon, sau khoang 875 gidy dién thé ting cham va én
dinh & -0,5 V/SCE. Trong dung dich HF 3%, dién thé bién dbi it hon va sau 3500 gidy ngam
mau van chua c¢é xu huéng 6n dinh. Do d6 hdn hop hai axit dugc lya chon dé tAm thuc hop kim
sat silic trong thoi gian 900 gidy.
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Hinh 1. Su bién thién dién thé mach ho theo thoi gian ngdm ctia mau sit silic trong dung dich HF 3% va
hdn hop HF 2% + H,S0,410%

3.2. Phan tich ciu triic pha, thanh phan va hinh thai hoc

Hinh 2 gidi thi€éu hinh anh SEM cua bén mau sdt silic: CTT, TTCU, TTU va TTU-V.
Trude khi tim thyc bé mit miu khd dong nhét, thanh phan vé khdi luong cia sit trong miu
chiém 91,6%, Si 4,49%, Al 1,23%, C 2,67%. Sau khi tim thyc, bé mit mau khong con ddng
nhit do c¢6 sy hda tan hop kim vao dung dich. Luong sat con lai trong mau chiém 75,35 %, Si
3,75 %, Al 1,05 %, O 14,76%, C 5,08%. Nhu vay viéc tam thuc st silic trong hdn hop hai axit
lam cho ham luong céc nguyén tb c6 trong hop kim ban dau bi giam di dac biét la sat va xuét
hién thém sw ¢6 mét cua nguyén t6 oxy. Vi cau tric hinh hoc cua mau sau tam thyc, tao didu
kién thuan loi dé dua cdc oxit dan vio mau bang phuong phap nhiét phan. Bé mit mau tam thuc
va U ¢6 cAu trdc tinh thé ro rang hon, cé thé du dodn do su hinh thanh cac oxit cua sat, nhom va
silic. B& mit ciia mau tim thyc sau d6 nhiing vao dung dich mudi ciia vanadi va u & 800°C trong
4 gid, c6 cau triic tinh thé v6i hinh dang khac han so v6i ba mau CTT, TTCU, TTU. Nhiing tinh
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thé nay c6 thé 1 oxit V,0s hodc 1a tinh thé cua oxit phirc hgp v6i nén sit: FeVO,. Két qua nay
can duoc khing dinh qua phan tich cAu tric pha bang nhiu xa tia X.

Béng 1 gi6i thiéu phd tin xa tia X theo nang luong va thanh phan céc nguyén té cta cdc
méau CTT, TTCU va TTU-V. Nhin chung thanh phan ciia cdc nguyén td trong hop kim déu giam,
chi ¢6 ham luong ctia oxy tang 1én déng ké do sy hinh thanh céc oxit don hodc oxit phtrc véi nén
sau khi u. Trén phd tan xa tia X theo ning lwong ctia mau TTU-V thay xuét hién pic cta vanadi
v6i thanh phan khéi lugng 13 2,45%. Két qua nay c6 thé dy doan dugc su hinh thanh oxit cia
vanadi.

Pé khang dinh lai két qua thu duoc bang SEM va tdn xa tia X, ching toi tién hanh phén
tich cu triic pha ciia mau TTU-V bang phuong phép nhiéu xa tia X (hinh 3). Trén gian d6 phd
khong chi ra pic twong tng vdi pha cua oxit V,0s ma chi ¢6 pic twong ung vdi pha cua oxit
Fe,O5 dang hematit, FeVO, va SiO,. Két qua nay hoan toan phit hop véi phan tich bang SEM va
tan xa tia X. D& ddp ung duoc yéu cau 1am andt tro trong bao v¢ catot bang dong ngoal bbn miu
CTT, TTCU, TTU va TTU-V duoc ddt vio mdi truong dat dé khao sét cac thong so dién hod.

IMS 310.0k SE(M) 5/6/2009 IMS 310.0k SE(M) 4/24/2009

TTU-V

Hinh 2. Anh SEM ciia mdu chua tam thyc (CTT), tam thyc chua a (TTCU), miu tam thyc & (TTU) va
mau tam thyc sau d6 nhing vao muoi cta vanadi roi u (TTU-V)
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Bdng 1. Phd tan xa tia X theo ning lwong va thanh phan cdc nguyén té trong miu
CTT, TTCU va TTU-V

Mau CTT -
Element Weight % | Atomic %
C 2,67 10,76
Al 1,23 2,21 .
Si 4,49 7,73
Fe 91,6 79,30 S )
Mau TTCU e -
Element ™ =gohi% | Atomic %
C 5,08 14,75
0 14,76 32,17
Al 1,05 1,36
Si 3,75 4,66 i
Fe 75,35 47,06 I N I
Mau TTU-V
Element
Weight % Atomic %
C 5,89 12,42
0 38,44 60,86
Al 1,94 1.83
Si 0,93 0,84
\Y% 2,45 122 et e e
- . s
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Fe,04 7
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" Fe,0 | Fe,0;
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Hinh 3. Gian db phd nhidu xa tia X ctia mau TTU-V
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3.3. Cac két qua thir nghiém in mon
3.3.1. Két qua do dién thé mach ho

Hinh 4 gi6i thiéu dién thé mach hé ciia bén loai andt trong mdi truong dat theo thoi gian
thir nghiém. O khoang 200 gidy dau tién, dién thé cua tit ca cdc mau déu giam nhanh sau d6
dién thé c6 xu hudng 6n dinh & nhitng gid tri khac nhau. Dién thé ciia mau chwa tdm thue (CTT)
va tdm thyc rdi nhung chwa G (TTCU) ¢6 dién thé rat 4m khoang -0,8 V twong g véi dién thé
dn mon cua sat silic sau 500 gidy thir nghiém va én dinh & gid tri nay cho dén 3000 gidy. Ddi véi
mau tim thuc va u 4 gid ¢ 800°C (TTU) dién thé mach hé dwong hon miu CTT va mdu TTCU
1a do su hinh thanh cac oxit trén bé mat. dién thé mach hd cia mau TTU-V duong rt nhiéu so
v6i mau CTT, TTCU va TTU, sau 2300 gidy thir nghiém dién thé dat gia tri -0,53 V. Két qua do
dién thé mach ho theo thoi gian cho phép danh gid dinh tinh kha ning suy giam cua vét lidu andt
trong mdi truong thu nghiém.

3.3.2. Két qua do phan ciee

Pé xdc dinh cdc thong s6 an mon cta andt trong moi trudong dat ching toi da tién hanh do
phan cuc dién thé trong khoang + 30 mV xung quanh dién thé mach ho tai thoi diém khéo sat
vai toe do quét 1 mV/s. Pudng cong phan cuc dang Tafel va céc thong sb an mon thu dwoc tir sy
phéan tich duong Tafel cuia 4 loai andt dugc chi ra trén hinh 5 va bang 2. Gia tri mat d dong &n
mdn ciia mau chua tdm thuc (CTT), tim thuc chwa u (TTCU) khoang 10°® A/cm® dép tmg yéu
cau 1am andt tro trong bao vé catdt bang dong ngoai. Gid tri mat d6 dong dn mon ting Ién
khoang 10 1an dbi véi andt TTU-V va TTU do sy hinh thanh FeVO, trén bé mat anot TTU-V va
oxit Fe,O5 trén andt TTU.
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Hinh 4. Bién thién dién thé mach hd ctiia bon loai Hinh 5. Pudng cong phan cuc dang Tafel cua cac
mau, theo thoi gian trong moi truong dat andt trong moi truong dat

Bdng 2. Céc thong s6 an mon cua 4 loai andt trong méi truong dét

Thoéng s, don vi CTT TTCU TTU TTU-V

Leorr (A/cm?®) 8,4 x10° 6,6 x 10° 6,2x 107 6,8 x 107
Ecor (V) 0,79 -0,801 - 0,744 -0,543

R, (Ohm) 7,01 x 10° 1,02 x 10° 1,12 x 10* 3,22 x 10°

Veorr (Mm/ndm) 1,98 x 10”! 1.56 x 10™! 1,32 x 107 1,43 x 107
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Pé khao sat kha ning hoat dong ciia andt, ching toi di tién hanh do phan cyuc dién thé tir
dién thé mach hé dén 1300 mV/Cu/CuSO, cua bdn loai dién cyc andt trong méi truong dat (hinh
6). Khi dién thé ting mat do dong andt ting déu, khong c6 dién cuc ndo c6 xu hudng thy dong.
Tuy nhién gid tri mat d6 dong anét cua cac dién cuc duoc xép theo gia tri giam dan nhu sau:
CTT >TTCU>TTU>TTU-V. Khoang dién thé phin cyc nay tuong g véi khoang dién thé phan
cuc andt trong thyc té bao vé catdt bang dong ngoai. Do d6 ¢6 thé sir dung nhitng dién cuc nay
Iam an6t trong bao vé catot cho thép cacbon.
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Hinh 6. Puong cong phan cyc dién thé nhanh an6t ctia 4 loai andt trong moi truong dat:
1-CTT, 2-TTCU, 3-TTU, 4-TTU- V

3.3.3. Két qua do tong tré dién hod

Nghién ctru dién bién dn mon cua céc dién cuc andt trong moi truong dét duoc thuc hién
bang phuong phdp do tong tré dién héa tai dién thé mach hé. Hinh 7 gidi thiéu phd téng tréy
dang Nyquist cua cac andt trong moi truong dat sau 3600 gidy ddt mau trong dat Gian dd phd
téng trd c6 dang nira ban cung & tan sd cao dwoc dic trung boi dic tinh phi tuyen cua h¢ dién
héa trong mdi truong dit. Giai doan dau thudng 12 cdc qué trinh khuéch tan hap phu 1én bé mat
dién cuc. Ban cung tha hai ¢ tan s thép hon déc trung cho qua trinh an mon cta dién cyc anot.
Déi voi hai mau CTT, TTCU ban cung thir hai c6 hinh dang g?m nhu mot cung tron khép kin con
d6i v6i mau TTU-V né c6 dang gan nhu dudng thing.
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Hinh 7. Phé tong tro dién hod ctia cdc andt trong moi truong dat
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Céc gid tri dién tro cua dét (R), dién tré chuyén dich dién tich (R.) va dién dung 16p kép
(Cq1) dugce phan tich tir gian dd Nyquist chi ra trong bang 3. Nhin chung dién tro cua dat kh4 16n
khoang 400 - 700 Ohm. bé gidm dién trd dat trong qua trinh dp dung thuc té nguoi ta thuong su
dung chét phu tr¢g dién cuyc bao boc quanh anét. Gia tri dién tro chuyen dich dién tich R, twong
d6i phit hop véi dién trd Rp thu dugc bang phwong phép phan cuc dién thé.

Bdng 3. Céc thong s6 dién héa ctia andt trong mdi truong dét

Thong sb, don vi CTT TTCU TTU-V
R, (Ohm) 428 493 701
R (Ohm) 2,98 x 10° 6,12 x 10 -
R, (Ohm) 7,01 x 10° 1,02 x 10° 3,22 x 10°
Cdl (uF) 31,4 172 ;
4. KET LUAN

Bén loai andt nghién ciru (CTT, TTCU, TTU, TTU-V) déu ddp tng dugc yéu cau 1am andt
tro trong bao vé catot béng dong ngoai. Tuy nhién dong an mon cua andt TTU-V trong mdi
truong dat 1a thip nhét do su c6 mit ctia oxit phirc FeVO,. Vi nhiing két qua ban dau dat duoc
mé ra trién vong st dung andt tro trén co s¢ hop kim st silic trong bao v¢ catot.
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SUMMARY

STUDY THE ABILITY OF USING ANODE BASED ON SILICON IRON ALLOY IN
CATHODIC PROTECTION BY IMPRESSED CURRENT FOR CARBON STEEL IN SOIL

Four specimen on basis silicon iron CTT, TTCU, TTU, TTU-V was test corrosion in the
soil by mesure rest potential, polarisation potential and electrochemical impedance methods. The
rest potential of specimen in the soil increase (CTT<TTCU<TTU<TTU-V) when there are
treatement by acid etching and anneal at 800°C, the potential attain -0,53 V/Cu, CuSO, after
2300 second testing for TTU-V specimen. The density current value of CTT and TTCU
specimen is about 10 A/cm’ to meet requirements for using inert anode in cathodic protection
by impressed current. The density current increase about ten times for TTU-V and TTU because
of there are FeVO, forming on the TTU-V anode and Fe,O; on TTU anode. The result of
impedance measure shown that the R, resistance relatively accord with Rp resistance obtains by
polarization potential method.
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