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TOM TAT

PbQ, duoc tong hyp hing phrong phap Et tua dién hoa trén én thép khong ig304
(TKG304) trong dung ith kiém gdm NaOH 3,5 M va PbO bao hoa, siu trong cac dungidh
axit c6 thanh pim khac nhau@mn Pb(NQ), 0,5 M va HNQ 0,1 M Wi sy ¢6 mit cia TiO, 5 g/,
NaF va natridodecylsunphat (SDS). Tani Mt liéu trén @ s PbG dugc g dung lam an6t tr
trong ¢ bao & catdt Bing dong ngoai cho thép cacbon trong madnyg dat. Két qua do dién
thé caadién arc catdt thép cacbon theadttgian Fé biao vé hoat dong cho thy hiéu qua bao vé
cua k¢ sir dung anét Pb@Isn hon anét thép khongi04 va PbSnAgb6i vai hé bao v co sr
dung cHit phu tro dién arc thi hitu qui bao vé cia hé sir dung anét trén € s5 PbQ giam xudng
con andt TKG304 va PbSnAg tang Ién.

Tur khéa: PbQ,, phrong phap kt taa dién hoa, thép khongi@04, andt , bao V& catét, dong
ngoai,dat.

1. MO PAU

An mon kim lai c6 thé lam thing bn chia haic nhirng duong éng din xang diu gay ro t
gay 6 nhém moi trrong, hdic chay © din dén thiét hai vé con ngroi va kinh £ nghiém tong.
Vi vy, viéc bao vé chingan mon cho cac cong trinh drg trongdat 1a mbt trong nhiing Vin dé
dugc cac nha khoade ding nhr cac doanh ngbp co lién quardac biét quan tam. Mt trong
cac phrong phap Bo vé chbng an mon hru hiéu la bio vé catét king ap dong ngoaid kha
nang kio vé kha cao va gia thanhyp li. Hiéu qu bao vé caa phrong phap nay phthuoc vao
rat nhidu yéu t6: mat do dong ap, khang cach aa anét va catdtiduong andt vatic biét la tinh
chit ciia anét to [1 - 3]. PbQ la oxit c6 hat tinh xdc tacdt, d6 dan dién va qua th thoat khi
oxy cao lon mit b dién arc tro thuong dung khac, gia thanhyp Ii nén cé nkiu ang ding
trong cong ngleip di¢n phan [4 - 8]. éc nghién éu tbng hop PbQ va compozit Pb&trén njt
6 vat ligu nén c6do bén oo hoc cao nlim mang 4i nhiing andt bn da duoc cong b trén At
nhiéu bai bao trongwoc va quc t [9 - 14]. Tuy nhién niing nghién Gu va khio séat ki ning
rng ding a1a andt to trén @ s PbQ trong & bao vé catét ing dong ngoai conit han ché
[15]. Bai b4do nay nghiénia kha nang tng ding PbQ/TKG304 lam andt cho qué trinkad vé
catot dung dong ngoai trong mairdng dat.
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2.DPIEU KIEN THUC NGHIEM

Vit liéu rén dé lamdién arc cho quéa trmhohg hop PbQ la theép khong y304 (TKG304),
kich thréc 2,5 x 10 cmdugc danh béng ¢ hoc bing gy nham tho lai 240, 320 (aa Trung
Qubc) va gﬁy nham tinh lai 600, 800, 1200 (@ NHt Ban) saudo nra sich mau bang nréc cit,
trang i bang ®n, dé kho va goi han dién tich lam véc 10 cnibing epoxy. Cac Au TKG304
déu duoc tiy dau md trong dung éth: NaOH 20 g/l + etanol t¢ 1 : 1 (\ thé tich), Wi mat do
dong apdit 0,05 Alcnf trong thi gian 600 gidy.

Lép ma PbQ duoc tao ra king phrong phap ap dong theo hai gémian: giaidoan thir nhit
téng hop o-PbQ, trén TKG 304 trong dungich kigm gom NaOH 3,5 M hoa tan bao hoa PRO,
nhiét d6 40 °C v6i mat d6 dong ap 3 mA/cf Vit lidu a-PbQ/TKG304 dugc nra sich bing
nudce cit, lau khd va nhiing vao cac dunghaxit cé thanh gim khac nhau i ki hiéu nhr bang
1, d thuc hién giai doan thir hai Bng hop B-PbQ, trong méi trong axit, & nhiét do phong i
mat do dong ap 3 mA/ch

Bang 1 Ki hi¢u andt va thanh pin cac dung ith ©6ng hyp p-PbQ, trong méi trong axit

TT | Ki hiéu Thanh pln dung dch Hng hop anoét
anot Pb(NQ), | HNO; | Natridodecylsunphat (SDS) TiO, NaF
(CH3(CH,)1:,0SONa)

1 AO 0,5M 0,1M

2 Al 0,5M 0,1 M 3.10Mm

3 A2 0,5M 0,1M 59/l

4 A3 0,5M 0,21M 3.18Mm 59/l

5 A4 0,5M 0,1 M 5/l 0,01 M

6 A5 0,5M 0,21M 3.18Mm 59/l 0,01 M

7 A6 0,5M 0,1 M 0,01 M

8 A7 0,5M 0,1 M 5 g/l kich thréc
nano

Chat phy tro dién ouc 1a Fbn hop aia kot bentonit cong nghp duoc nghen min + kot
cacbon + méc voi ti 1€ phan tram ve khoi lugng trong ttng 1a:65 % + 12 % + 23 %Hon hop
thu dugc c6 mau naden, &o dinh nlr dat sét.
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Hinh 1.So d6 hé thir nghiém bao vé catdt trong phong thi nghm:
(a) k& khong & dung chit phu tro dién arc, (b)ke cé s dung c6 clit phu tro dién arc
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Cit doc 6ng nhra dai 12 cmguong kinh 4,2 cm thanh 2ra king nhau. L6t diy vao long
bng i dap chit phy tro dién arc vao trong londng chodén day, saudé lay chit phy tro dién
cuc ra ki dng. Mdi mat dién arc PbQ/TKG304 § duoc bao hc bsi hai nra ki tru chit phy trg
dién axc (hinh 1b).

Cat6t thép cacbon c6 kichutbc 10 x 5 x 0,1 cm, dh tich hai it 100 cnf, duoc khoan 1
15 & trén, gita miu dé bat vit ndi day din, saud6 d6 epoxy kin It 6c vit. Thép cacbon cé thanh
phan nhr trong king 2,dugc tay gi va iy dau md trong dung ith HCI + HO i 18 1 : 1 \é thé
tich + uc cké urotropin 3,5 g/l + Kl 4 g/lsaudo rra sich, lau kho vatanh béng 6 hoc king
gidy nham tho lai 240, 320 (ea Trung Qic) va gﬁy nham tinh lai 600, 800, 1200 (& Nht
Ban) dén khi b2 mat miu sang bong,ira saich miu bing nréc cit, lau khé teéc khidua vao lam
dién arc catét trong moéi trong dat.

So d6 h¢ bao vé catdt trong phong thi nghm c6 (1b) va khong c6 (1a) dthphy tro dién
cuc duoc thé hién trén hinh 1.

Bang 2 Thanh phn cia thép cachonisdung lam catot

Nguyén & Fe C Mn Si S P
% khoi luong 99,21 0,25 0,36 0,07 10,0/ 0,003

Tam laai vat liéu trén @ o PbQ (A0, Al, A2, A3, A4, A5, A6, A7)dng hop trong 8 dung
dich c6 thanh pin nhr trong king 1 va an6t TKG304, PbSnAigroc s dung lam anot t trong
hé bao ¢ catot cho thep cacbory phrong phap ap dong ngoai. Mioai sir dung 6 andt riic
song song cédhg dién tich lam véc la 60 crf, duoc noi véi cuc deong aia ngwn dién mot
chiéu, catét thép cacbon cééditich 100 crhdugc ndi véi cuc Am @a ngwn. Dién thé bao vé
cua dién arc catdtduoc do so 6i dién arc Cu/CuSQ, trén thét bi do dién thé két ndi véi may
tinh, do phongfién tr Vién Ky thuat nhiét doi ché tao. Anét va catdtiat trong ot chiu duoc
nhdi day dét co tré tich 30 lit Wi thanh pln va cac thdngdsdic trung dwoc chi ra trong ng 3,
khoang cach dia an6t va catét la 5 cm [16].

Bang 3. Thong § mdi trrongdét sir dung trong k& bao v catdt ling dong ngoai

Loai | Do sau pH Do cimg [NaCl] Do dan Doam | Doam | bien tro

dat (m) tong mg/100g nuge TB (%) max dat TB,
KCl | H,0 mgdl/L chiét, mS (%) Ohm.m

Py 05-1 53 6,9 2,94 0,15 0,29 18 22 20

bién thé bao v cia catdt thép cacboduoc do theo thi gian dé xacdinh hiéu qua hoat
déng aia anot.

3. KET QUA VA THAO LUAN
3.1. Hinhanh anét va catét tnréc khi dwa vao trong dat

Hinh 2 gisi thi¢u hinhanh anot va catbtuoc khi dua vaodat. Nhin chung b mat ciia anot
PbQJ/TKG 304 ci¢ tao tir cAc dung ith c6 thanh pin khac nhauiéu cé mau ghiden, du trac
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dong ntit va sit clit trén toan b bé mat. Doi voi catdt thép cacbonémat c6 mau ghi sang, trén
be mat khéng cédiém gi.

Anbt Cat6t
Hinh 2.Hinhanh anét va catétwoc khidwa vao trongiit
3.2. Hé bao vé catét khdng dung clit phu tro

Hinh 3 béu dién sr thayddi dién thé caa catét thép cacbon khir slung cac lai anét khac
nhau.bién thé cua catot khi cha &p dong c6 giaitkhoang -750 mV/Cu/CuS@tuong tng Wi
dién thé an mon @a thép cacbon trong méintyng dit nhung khi déng mach bio vé (véi dong
ap 1mA),dién thé bao vé caa catdt thép cacbondi déi theo thvi gian k¢ haat dong. Béi véi hé
bao vé s dung andt TKG304, sau khng 2,5 gb thir nghiém dién thé moi dat téi gia tri bao &
cho thép cacbon (-850 mV/Cu/CugQsaudé ting din V& phia am nhng sau 16 @i thir
nghiém c6 hén twong sit thé xudng dién thé an mon @a catdt thép cacbon (-750
mV/Cu/CuSQ), va catdt khongugc bio vé. Két qua nay cé th duoc giai thich do hén tugng
thy dong aia andt TKG304 sau ghthoi gian hait dong trong méi trong dat, khi d6 dong chy
qua f& rit nho c6 thé coi nhr bang khéng. Trong trong hop sr dung andét PbSnAg, sau 1o
déng mach hio &, dién thé cua cat6t thép cacbondndat gia ti -783 mV/Cu/CuSQ@chua dat
t6i gia tri dién thé bao vé cho thép cacbon theo tiéu éhu850 mVs< -E,, < 1400 mV) va sau 11
gio dién thé 6n dinh & -792 mV/Cu/CuSQ Véi két qua nay cho thy andt PbSnAg khdndap
rng duoc yéu @u lam andt w trong & bao W& catdt ing dong ngoai cho thép cacbodi v
cuongdo dong ap 1 mA.

Déi véi cac 1 sir dung andt Pb@TKG304 (king 1) chi sau vai phattién thé da dat t6i
dién thé bao vé cho thép cacbon (-850 mV/Cu/CugCsaud6 ting din vé phia ambdi véi ba
loai an6t A6, Al va A0 thi sau #h gian thr nghém trong ang 16, 30 va 60 ¢ico hién twgng
sut thé xudng dién thé an mon @a catdt thép cacbon (-750 mV/Cu/Cu$®ic nay catdt khéng
dugc bao vé. Péi va6i bon loai andt A2, A3, A4, A5 ¢éu cb TiQ) khi d6ng mach, dién thé
nhanh chéngdat toi gia tri bao vé caa catét 1a -850 mV, said ting din V@ phia am vatat gia ti
6n dinh khaing -1150 mV, -1330 mV, -1350 mV va -1300 mV saw@0tién hanh Bo wé. Két
qua nay cho thy sr c6 mit caa cac ph gia: TiO,- A2; TiO, + SDS - A3; TiQ + NaF - A4 va
TiO, + SDS + NaF - A5 cho thém vao dunghidién ly PbQ da lam ting dang K do bén caa
vat liéu composit trén € s6 PbQ khi sr dung ching lam andtdrcho qua trinh 40 ¢ cat6t
bang dong ngoai cho thép cacbon tratagy Tuy nhién g cé mit cia SDS - Al va NaF - AGi
lam giam hiéu qua bao ¢ catét cho thép cacbon.
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Hinh 3: Sy bién thiéndién thé caadién arc catot thép cachon theasttyian e hoat dong
trong méi tirong dat

Al,46gi0

AO0,60 gioy

A5, 93 gi¢

A2, 72 gity

Hinh 4.Hinhanh anét va catot sau kdira vao 1§ bio vé catdt trong moi trong dét
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A3, 82 gidy

A4, 91 giov

A6, 21 giov

A7, 62 gid

PbSnAg trwéc khi cho vao dat

Sau 40 gi& Thép cacbon 40 gio khdng dwoc bao vé
Hinh 4.Hinhanh anét va catét sau kéira vao I bao vé catét trong moi trong dat (tiép)
Hinh 4 gbi thiéu hinhanh anét va catét sau kdiira vao trongfat. Nhin chung, & mat caa

cac andt Pb@sau ndt thoi gian hat dong trong & bao vé catét,déu bi bong tréc o hoc. Bé
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mat andt PbSnAg sau 40cghagt dong trongdéat c6 mau ghiten do & oxy héa b mit tao thanh
PbQ,. BE mat cua cac catdieu da ki gi tuy nhién phn tram gi van thap hon nhiu so \6i bé mat
catbtde trongdat 40 giv khdngdugc ap dong o \&.

3.3. Hé bao vé catét c6 dung clit phu tro

Hinh 5 gisi thiéu sr bién thiéndién thé cua dién arc catot thép cachon theootigian thr
nghiém trong moi twrong dat khi sir dung andt A3, A4, A5 sodi TKG304 va PbSnAgugc boc
chat phu trg (pt) dién arc, & caongdo dong ap 1 mA.

1400+

A3pt

1300

1200

1100+
TKG304pt

1000

PbSnAgpt

-E(MV/Cu/CuSO )

@ ©
o o
o o
1 1

700 T T T T T T T T T T 1
0 20 40 60 80 100

t(h)

Hinh 5.Su bién thiéndién thé caadién arc catot thép cqcbon thewtlgian ¢ hoat dong trong moi
truong dat c6 sr dung chit phu tro

Véi he Adpt va A5pt, sau Bt thoi gian ngin déng mach hio vé, dién thé caa catét thép
cacbon nhanh chéntt gia ti dién thé bao vé. Vi hé ASpt dién thé catét lién ac ting W phia
am vadat gia ti cuc dai ¢ -1050 mV/Cu/CuS@ nhung sau 28 @i c6 hén twong sit dién thé
xudéng -878 mV/Cu/CuSQ Véi hé Adpt, dién thé catét thép cacbormdd 1én dén -1150
mV/Cu/CuSQ sau 24 gi hé¢ haat dong va saulé giam dot ngdt xudng -844 mV/Cu/CuSOnhd
hon dién thé bao v catét thép cacbon theo tiéu éhulic nay catdt thép cacbon khahgyc bio
vé nira. Riéngddi vaoi he A3, dién thé cia catét thép cacbain dinh & gia ti -1255 mV sau 98
gio tién hanh ko \é.

Déi véi he andt TKG304pt va PbSnAgpt kiibng mach bio vé, dién thé coa catot thép
cacbon ing din W& phia am va nhanh chénén dinh & -950 mV/Cu/CuS@ va -850
mV/Cu/CuSQ sau 90 g¥ hé hoat dong.

Hinh 6 gbi thiéu hinhanh B mat andt cé bc chit phu tro dién arc va catét sau khiva
vao I bao v catét ling dong ngoai trong mdiutdng dat. Bi voi hé A3pt, Adpt va ASpt, B
miat cia andt b bong tréc kha nki voi thoi gian tén hanh Bo vé 99; 44 va 43 @i tuong ung.
B& mit cua catot ang déu bi gi, tuy nhién trong trong hyp e sir dung andt Adpt c6 pin tram
gi nho nhat.
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A4pt, 44 gio

A3pt, 99 giv

TKG304pt, 91 gior~

PbSnAgpt trwéc khi cho vao dat

E
Sau 77 gi¢o

Hinh 6.Hinhanh anét va catét sau kihira vao & bao \é catdt ting dong ngoai trong moiing dat
Bé mat cua andt TKG304pt va PbSnAgpt khonghién ddi nhidu sau 91 va 77 gihoat

dong trongdat. Tuy nhién B mit catdt thép cacbon co gitrim gi nho nhit trong twong hyp
sir dung anét PbSnAgpt.
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3.4. So sanh lu qua bao \é clia hé c6 va khdng & dung chét phu tro dign cuc

Hinh 7 trinh bay din bién thé bao vé thép @a cac anét khéngrsdung so sanhdi cac andt
trong tng c6 & dung chit phy tro. D4i véi hai loai anét TKG304pt va PbSnAggtroc boc chit
phu trg, hiéu qua bao vé catét &ing 18n rd &t thé hién ¢ sy taing dién thé bao vé catdt thép cacbon
vé phia &m bn so i truong hyp khoéng & dung chit phy trg. Sau 90 di tién hanh Bo vé dién
thé cua thép cacbonan 6n dinh ¢ -950 mV/Cu/CuSQ dbi véi andt TKG304pt va -850
mV/Cu/CuSQ véi andt PbSnAgpt.

1400
1300

1200 +

1100 A

10007 TKG304pt

900

1 PbSnAgpt
800

-E(mV/Cu/CuSO )

700 +

"PbSnAg
TKG304

500 , . , . , . , . , . |
0 20 40 60 80 100

t(h)

600

Hinh 7.So sanhs bién thiéndién thé cuadién arc catot thép cachon theadttyian He haat
déng trong mdi teong dat khi cé va khéng cé déh phu trg dién arc boc quanh anét

Két qua thu dugc dbi véi ba laai andt trén o s PbG hidu qua bao vé lai giam xubng, diéu
nay duoc giai thich chit phy trg ¢ thanh phn: bentonit 65 % + cacbon 12 % #dt 23 % ch
phu hyp i cac lai anét king kim laai hoic hop kim nhing khéng thich ép v6i cac laii andt
dang mang ph. Viéc nghién éu lya cton dugc chit phy tro dién arc thich lop v6i cac andt
trén @ s5 PbQ cin duoc tiép tuc dé nAng cao Bu qui bao vé catdt cho thép cacboriy
pheong phap &p dong ngoai.

4. KET LUAN

CAc lai vat liéu PbQ dugc tng hop bing phrong phap ap dongrsdung lam andt ¥ ¢6 va
khéng e chit phy tro dién arc trong 1§ bao v catét ting dong ngoai cho thép cacbon trong moi
truong dat. Béi vai hé khéng e phu tro dién arc, cac andt A2, A3, A4 va A5 choéhi qua bao
vé t6t hon so Wi cac andt AO, Al va A6. Ba andiroc boc chit phu tro: A3 pt, A4 pt va A5 pt cho
hiéu qua bao vé catdt ghm di rd rét thé hién & sr giam dién thé catdt thép cacbon sawtihoi gian
ngan tién hanh Ko vé do thanh pin chit phy trg chia thich kyp V6i cac lai andt cing mang.

‘ Khi khéng ¢ chit phu trg cho anét, iu qua bao wé Khi ar dung cac andt Pb{dan hon
nhiéu so Wi hai anét TKG304 va PbSnAg.ovhé sir dung chit phy trg dién arc thi hgu qua bao
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vé cia hai lai andt TKG304pt va PbSnAgptiltang 1én vadién thé cua cat6t thép cachbon kida
dinh sau 90 @i hé hoat dong.

10.
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14.
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ABSTRACT

APPLYING OF PbQ DEPOSITION ON AS INERT ANODES FOR CATHODIC
PROTECTION PROCESS WHICH USES CURRENT IMPOSE IN THEIL

Nguyen Thu PhuongPham Thi Nam, Dinh Thi Mai Thanh
Institute for Tropical Technology, VAST, 18 Hoangp@ Viet, Cau Giay, Hanoi
"Email: phuong.plvktnd@yahoo.com.vn

PbQG, was electrodeposited by electrochemical depositethod on the substrate of 304
stainless steel in alkaline solution including 83/5NaOH and saturated PbO, then in acid
solutions with various components including 0.5 M(WG;), and 0.1 M HNQ@ with the
presence of 5 g/l Ti§) NaF and sodium dodecyl sulfate (SDS). Eight typiesiaterials on the
basis of Pb@were used as the inert anodes in the system hbdiat protection by current
impose for carbon steel in the soil. The resultmeasuring the potential of carbon steel cathode
according to time, the activity protection systemowed that a protective effect of the system
which uses Pb©anodes is higher than 304 stainless steel and RpSfor the protection
system using electrode auxiliary substances, tbtegtive effect of system used anodes on the
basis of Pb@reduced but the protective effect of system us®ti Rainless steel and PbSnAg
increased.

Keywords:PbQ, electrochemical deposition method, 304 stainsssl, inert anodes, cathodic
protection, current impose, soil
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