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Tom tat: Trong méi truong nudc vong so cap 10 phan tng nuée ap luc, nong do ion
Clorua luén dugc kiém soat dudi ngudng 0,05ppm (50 ppb), do d6 cac nghién cuu anh
huong cua ion Clorua trong moi trudng nudce so cap 10 phdn tmg nuéc ap luc PWR
(Pressured Water Reactor) dén an mon cua vat liéu 1 rat can thiét. Trong nghién ctiu nay,
phép do dién héa duoc sir dung la theo ddi thé dién hda mach hd OCP (Open Circuit
Potential) theo thoi gian; hai vat liéu dugc sir dung la C45 va thép khoéng ri SS304; cac
mau dung dich dién li nghién ctru c6 ndng do ion Clorua bién thién trong khoang 0,1-1M;
diéu kién thtr nghiém nhiét @6 phong. Két qua nghién ciu cho thay, ¢ diéu kién nhiét do
phong, ion Clorua tang to¢ qua trinh dn mon trong truong hop thép C45; véi thép khdng
ri SS304, tac dong cua ion Clorua la khong ro rét.

Tir khoa: thé dién héa mach he OCP , thép Cacbon C45, thép khong ri SS304, ion
Clorua.

I. MO PAU

Van dé vé an mon dién hoa cua vat liéu kim loai trong méi truong chira ion Clorua da dwoc nhiéu
tac gia trong nudc va thé gisi quan tm nghién ctiru. Tai nudc ngoai, tac gia Bore Jegdi¢ va cac cong
su da thuc hién nghién cau vé bién thién thé mach ho OCP (Open Curcuit Potentials) caa thép khong
ri SS304 trong moi truong Axit Sunfuric c6 mat ion Clorua [1].Tai Viét Nam, tac gia Phan Luong
Cam-Hoang Thij Bich Thuy da thuc hién cac nghién ciu vé cac phuong phép dién héa bao vé Andt
chéng an mon cho cbt thép trong bé tong trong méi trudmg nudc bién [2]; tac gia Lé Thi Hong Lién va
cac cong sy nghién ciru phuong phap dién hoa quét thé vong xac dinh thé an mon 15 va dién thé tai thu
dong cua vat liéu SS304 va SS316 [3]... Pé tiép ni cac nghién ciu trén va budc dau nghién ciru hu
hong vat liéu trong linh vuc hat nhan tai Viét Nam, nhom nghién ctu da lwa chon phuong phap khao
st bién thién thé mach ha OCP theo thoi gian cua hai vat liéu duoc st dung nhiéu trong 10 phan ung
nuéc ap luec PWR 1a thép C45 va SS304 trong moi trrong an mon chira ion Clorua. Két qua thu duoc
tir nghién ctru s& cho nhitng danh gia so bd ban dau va quan trong vé kha niang dn mon cua hai loai vét
liéu trong mdi trudng, tir d6 1a budc tién dé cho cac nghién ciu tiép theo vé an mon va dn mon wng luc
SCC (Stress Corrosion Cracking) trong cac d¢ tai tiép theo.

I1. NQI DUNG
I1.1. Pdi twong va phuwong phap
11.1.1. Pdi twong

Trong 10 phan tmg nuéc ap luc PWR, thép Cacbon va thép khdng ri SS304 chiém ti trong l6n va
duoc sir dyng lam nhiing chi tiét quan trong trong vong so cap 1an thir cAp. Dbi véi thép Cacbon C45,
vat ligu nay cting mot so loai thép Cacbon thap khéc chu yéu dugc sir dung trong vong thi cap lam cac
chi tiét nhur duwong 6ng dan nudc ngung, vo binh ngung, duong ong dan nuéc ap lyc thap... Trong khi
do, thép khong ri SS304 chu yéu duoc su dung trong vong so cap lam céc chi tiét trong 16i 10 (vach
chan. vach ngan, buldng, dinh tan...), hong dan nuéc ra-vao thing 10 phan tng, duong éng din nudc
chinh va 6 truc bom tuan hoan so cap cling duoc lam bang dang thép duc khong ri SUSF304 (theo tiéu
chuan Nhat Ban) hay CF-8 (theo tiéu chuan Hoa Ky). Ngoai ra, nhan thay su sin ¢ cua hai vat ligu

1


mailto:hoangthi.hus@gmail.com
mailto:hoangnhuan2010@gmail.com
mailto:vjnhmse@gmail.com

nay tai thi truong thép trong nude, do do thép khong ri SS304 va thép Cacbon C45 duoc lya chon lam
doi twong nghién cau trong nghién cau nay. Thanh phan cua hai vat liéu nay duge dua ra ¢ bang dudi
theo tiéu chuan TCVN 1766 — 75 d6i vai thép C45 va tiéu chuan AISI doi vai thép khdng ri SS304.
Bang 1. Thanh phan thép Cacbon C45 theo tiéu chuan TCVN 1766 - 75 va thép khdng ri SS304 theo
tiéu chuan AISI.

Thanh phan (%)
Vit ligu
C Si Mn P S Cr Mo Ni
C45 0,42-0,50 | 0,17-0,37 0,50-0,8 0,040 0,040 0,25 - 0,25
SS304 <0,08 <1,00 <2,00 <0,045 <0,03 18,0-20,0 - 8,0-10,5

Tir ngudn vat ligu thép Cacbon C45 va thép khong ri SS304, cac mau ding trong thir nghiém
dién hoa dgqc,thiét Igé va gia cOng cat tao hinh. Cé 2 dang mau duoc lea chon d6 1a dang mau tru tron
va dang mau tam phang duoc trinh bay dudi day:

1) MAu tru tron: Hai miu vat liéu thép Cacbon va thép khdng ri SS304 duoc cit tir cay thép
C45 va SS304 dai 6m, chiéu dai mau 1a 100mm, duong kinh 6mm. Mau try tron duoc diic keo epoxy
hai thanh phan kin mot dau nhu hinh 1, dau con lai dé ho dé kep dién cuc tir thiét bi dién hoa. Mau sau
khi duoc duc dwoc mai phang mét dau (nhu hinh 1), cac gidy rap dwoc sir dung lan luot 1a 400, 600 va

1000.
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Hinh 1. Mdu dién cuc dang try tron.

2) Miu tdm phing: duoc cit tir miéng thép tam, duoc st dung tai bo mén dién hoa truong Pai
hoc Bach Khoa Ha Noi. Kich thudc 100mm x 10mm x 1mm (dai 100mm, rong 10mm, day 1mm). Sau
cit, mau duogc rira bang xa phong dé loai dau m& va bui bAm dinh trén bé mat. Sau d6 danh bong bé
mit lan luot bang gidy rap c& 400, 600 va 1000 dé loai bo 16p oxit bén ngoai. Sau mai dem méu di rra
mot lan nita bang xa phong va trang bang con Etanol 98°, thaim khé bang giay loc, dé kho tu nhién.
Cudbi cting boc kin mot mat cia mau bang bang dinh, mat con lai dan kin mot phan nhu hinh 2.

90mm l%()u%
Dan kin bang bang dinh Ho 10mm Dan kin bing biang dinh

‘ 100mm ' 100mm

Hinh 2. Hai mdt cia mdu dién cuc dang tam phang.

Trong bai bao nay, dang mﬁu tru tron duoc lya chon do céc uu diém vé phuong phap ché tao don
gian, cac mau thu duoc dong déu, tai sir dung dugc nhieu lan.
11.1.2. Phwong phap

Phuong phap dugc lya chon trong nghién ciru ban dau vé dn mon di¢n héa cia thép Cacbon C45
va thép khong ri SS304 trong méi truong ion Clorua la phuong phap di¢n hda do bien thién the dién
héa mach ho OCP (Open Circuit Potential) theo thoi gian. Phép do dién hda nay duoc tien hanh trén
thiét bi dién hoa Autolab-PGSTAT 302N. Binh do dién hoa duogc thiét két dat trong long Faraday (cé
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ndi dat) dé giam nhidu cho hé do. Hé dién héa (hinh 3) véi cac dién cuc duoc sir dung nhu sau: 1)
Dién cuc nghién ctu WE (Working Electrode) 1am bang mau thép Cacbon C45 va thép khong ri
SS304 dang tru tron. 2) Bién cuc so sdnh RE (Reference Electrode) la dién cuc bac Clorua bdo hoa
(Ag/AgCl) co dién thé bang 0,195V so véi dién cuc Hidré tiéu chuan (SHE) va 3) Bién cuc phy CE
(Counter Electrode) 1am bang Platin Pt.
bién cuc so sanh
(Dién cuc Ag/AgCl)

bién cuc lam viée
(Vit liéu nghién ctru)
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Hinh 3. Bé tri cdc dién cuc trong thyc nghiém dién hoa.

Trong phép do thé mach hg OCP, khong can dong &p tir ngoai vao dién cuc nghién ciru, ciing
khéng can thiét bi 6n dinh thé (potentiostat) dé duy tri thé dién cuc lam viéc. Chi don gian sir dung 1
von ké dé do bién thién dién thé cua dién cuc 1am viéc WE va dién cuc so sénh RE (Ag/AgCl) theo
thoi gian. Sau d6 v& duong bién thién dién thé theo thoi gian Eqq-t.

Dung dich di¢n li dugc st dung trong cac phép do la dung dich NaCl co nong do bién thién: 0,1;
0,3. 0,6 va 1M. Trong khoang bien thién nong d6 nay, dung dich NaCl 0,6M tuong duong véi nudc
bién c6 nong d6 muoi an trung binh khoang 3,5%.

11.2. Két qua

Céc mau dién cuc bé“lng thép Cacbon C45 va thép khong ri SS304 duoc st dung 1am dién cuc
lam viéc WE. B) tri thuc nghiém nhu hinh 1. Phdn mém st dung trong phép do OCP 1a phan mém
NOVA 2.0. Phép do OCP dugc thyc hién trong 2 gio dau tién sau khi ngdm mau, sau d6 1a phép do thé
dién hoa mach hd OCP trung binh tai thoi diém 24 gio (1 ngay ngdm mau). Két qua thé dién hoa mach
hé OCP cua C45 va SS304 trong 24 gio voi dung dich dién li NaCl 0,1M; 0,3M; 0,6M; 1M duoc dua
ra trong bang 2 va 3. Do thi bién thién thé dién hda mach hd OCP dugc xay dung ¢ hinh 4, 5, 6, 7.

Bang 2. Thé dién hoa mach ho OCP cua thép C45 trong NaCl 0,1M; 0,3M; 0,6M; 1M.

C45-NaCl 0,1M C45-NaCl 0,3M C45-NaCl 0,6M C45-NaCl 1M
Thm m:;lllleh()’ T.h oi m;?lehé Thm mz'lI;lllleh(? Thm m;?leh&
glan OCP glan OCP gian ocP glan oCP

0 -0.442 0 -0.441 0 -0.440 0 -0.441
535 -0.520 582 -0.545 517 -0.565 574 -0.574
1035 -0.534 1082 -0.556 1002 -0.575 1065 -0.588
1507 -0.539 1563 -0.564 1563 -0.581 1560 -0.595
2046 -0.543 2007 -0.566 1961 -0.585 1984 -0.599
2521 -0.548 2557 -0.569 2616 -0.591 2568 -0.601




3003 -0.552 3080 -0.571 3086 -0.593 3025 -0.605
3501 -0.556 3555 -0.574 3585 -0.596 3601 -0.606
4005 -0.558 4008 -0.577 4087 -0.598 4055 -0.607
4549 -0.560 4518 -0.579 4467 -0.600 4504 -0.609
5042 -0.561 5029 -0.582 5015 -0.603 5010 -0.612
5541 -0.563 5569 -0.585 5582 -0.605 5589 -0.614
6007 -0.563 6053 -0.586 6146 -0.606 6083 -0.615
6501 -0.565 6623 -0.587 6535 -0.607 6564 -0.617
7055 -0.570 7129 -0.588 7130 -0.611 7034 -0.620
86400 -0.611 86400 -0.635 86400 -0.6555 86400 -0.668

Bang 3. Thé dién héa mac

h ho OCP cuia thép khong ri SS304 trong NaCl 0,1

M; 0,3M; 0,6M; 1M.

$S304-NaCl 0,lM | SS304-NaCl03M | SS304-NaCl 0,6M $5304-NaCl 1M
e mz;l;lllleh(’r hel maTcllllehé- L m:;lllleh(’)' LTy maTclllleh&
glan bCP glan (':)CP glan 'OCP glan bCP
0.3 0.257 0.1 10.252 0.5 10,250 0.2 10,255
5478 | 0137 | 4932 | 0132 | 4944 | -0149 | 4679 | -0.167
10345 | -0126 | 10479 | 0118 | 10087 | -0.138 | 999.9 | -0.154
15502 | 020 | 15292 | -0.107 | 15249 | 0138 | 15784 | -0.149
20134 | -0.115 | 20247 | -0099 | 20227 | -0.135 | 20298 | -0.146
25249 | -0105 | 25087 | -0095 | 25182 | -0.129 | 25130 | -0.141
3041.6 | -0.098 | 30731 | -0.092 | 30350 | -0124 | 30430 | -0.137
35040 | -0.096 | 35173 | -0.000 | 3609.6 | -0119 | 3564.6 | -0.134
40262 | 0002 | 40141 | -0.087 | 40219 | -0117 | 40331 | -0.133
4539.3 | 0088 | 45834 | -0.086 | 45053 | -0.115 | 4509.7 | -0.135
5098.7 | -0.086 | 50884 | -0.084 | 50454 | -0112 | 49780 | -0.134
5536.8 | -0.084 | 55297 | -0.083 | 55209 | -0.110 | 54869 | -0.132
60323 | -0.083 | 59904 | -0.082 | 60052 | -0106 | 60053 | -0.132
6530.9 | -0.080 | 65004 | -0.081 | 65451 | -0.103 | 65289 | -0.133
7039.7 | 0079 | 70235 | -0082 | 70272 | 0101 | 69584 | -0.133
862850 | 0003 | 864000 | -0.028 | 86400.0 | 0.001 | 864000 | -0.113
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Hinh 4. Bién thién thé dién hoa mach ho (2 gio) cia thép Cacbon C45 trong méi trirong NaCl 0,1M;
0,3M; 0,6M; 1M.

OCP(C45)-NaCl0,1-1M(24h)
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Hinh 5. Bién thién thé dién hda mach ho (24 gio) cua thép Cacbon C45 trong méi truong NaCl 0,1M;
0,3M; 0,6M; 1M.
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OCP(SS304)-NaCl0,1-1M(2h)
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Hinh 6. Bién thién thé dién hda mach ho (2 gio) cia thép khong ri SS304 trong méi trirong NaCl
0,1M; 0,3M; 0,6M; 1M.
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Hinh 7. Bién thién thé dién hoa mach ho (24 gio) cua thép khong ri SS304 trong méi trong NaCl
0,1M; 0,3M; 0,6M; 1M.
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11.3. Ban luan

Tir két qua do bién thién thé dién hda mach ha OCP cua thép Cacbon C45 va thép khéng ri
SS304 trong moi truong dién li chua ion Clorua, cho thay:
- Dbi véi truong hop cua thép C45, thé dién hda mach hg OCP giam dan theo thoi gian ngam mau
Gia tri thé ban dau vao khoang -0,44V. Sau thoi gian 24 gio (1 ngdy), gia tri thé nay giam xudng
khoang -0,6V. Hién tugng giam gia tri thé OCP nay chimng té qué trinh an mon cua thép C45 trong
mdi trudng chira ion Clorua dugc ting toc theo thoi gian ngdm mau. Khi nong d dung dich NaCl ting
dan tir 0,1M dén 1M, téc d6 qué trinh an mon do ion Clorua tang dan.
- Pi véi trudng hop cua thép SS304, thé dién hda mach ha OCP tang dan theo thoi gian ngdm mau.
Gi4 tri thé ban dau vao khoang -0,25V. Sau thoi gian 24 gio (1 ngay), gié tri thé nay tang 1én khoang
0V — -0,1V. Hién tuong tang gia tri thé OCP nay chiing t6 qué trinh dn mon ciia thép khong ri SS304
trong moi treong ion Clorrua khdng xay ra, thay vao do la qua trinh hinh thanh nén mang oxit Crom
thu dong rat bén véi moi truong dién li chira ion Clorrua. Tuy nhién khi ndng d6 dung dich NaCl tiang
dan tir 0,1M dén 1M, ndng d6 ion Clorua tang lam giam qué trinh hinh thanh 16p mang oxit Crém thu
dong.

Do diéu kién thuc nghiém cua dung dich chtra ion Clorua & nhiét do phong (~30°C) va mau vt
liu SS304 sir dung lam dién cyc lam viéc WE khdng chiu tic dung ciia tng suat, nén hién tugng an
mon do ion Clorua Ién thép khong ri SS304 la khéng rd rang. Trong cac nghién cau tiép theo, ching
t6i da dy kién sir dung cac miu dién cuc chiu tic dung wng suit nhu mau chit U (U-bend), khoang
nhiét do thir nghiém trong khoang nhiét do phong dén 80°C. Mot s6 ki thuat do dién hoa khac nhur
phép do tong tro EIS va phan cuc tuyén tinh (Linear Propation) ciing s& duoc sir dung dé nghién ctu
rd hon qua trinh an mon va an mon ung lyc SCC cua thép khdng ri SS304 va SS316 trong moi trudong
chtra ion Clorua.

I1l. KET LUAN

Tir két qua do thé dién hda mach hd OCP theo thoi gian cua thép C45 va thép khong ri SS304
trong moi truong chira ion Clorua cho nhimg dénh gia budce dau vé hién tuong an mon cua hai vat lidu
nay. Qua trinh dn mon bé mat cua C45 anh huong manh va bi ting tc khi ting ndng do6 ion Clorua.
Véi truong hop cua thép khong ri SS304, ion Clorua khdng anh huong dang ké téi qua trinh an mon
dién cuc ma chi 1am cham qué trinh hinh thanh 16p oxit Crém bén trén bé mat SS304.
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THE STUDY OF OPEN CIRCUIT-POTENTIAL VARIATIONS BY
THE TIME OF CARBON STEEL C45 AND STAINLESS STEEL SS304
IN CHLORIDE ION CONTAINED ENVIRONMENTAL

HOANG XUAN THI, HOANG NHUAN, TRAN XUAN VINH

The Center for Material Technology, Institute for Technology of Radioactive and Rare Elements, Viet
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Abstract: In the primary water pressurized water reactor PWR, the concentration of
chlorine ions always be controlled below 0,05ppm (50 ppb), therefore the study of the
influence of chloride ions in PWR primary water environment to corrosion of materials is
essential. In this study, the electrochemical measurements are used, that is Open Circuit
Potential OCP; two materials used are Carbon Steel C45 and Stainless Steel SS304;
research samples of the solution of Chlorine ion concentration in the range 0,1-1M; test
conditions at room temperature. Research results show that, at room temperature, chlorine
ions accelerated the uniform corrosion and pitting corrosion (pitting) in C45 steel case;
with 304 stainless steel case, the impact of chlorine ions is not clear.

Key words: Open Circuit Potential OCP, Carbon Steel C45, Stainless Steel SS304, ion
Chlorine.
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