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NGHIEN CUU TAC BONG CUA SUNPHAT NHOM VA SUNPHAT SAT

() LEN S AN MON THEP GNG KHAI THAC DAU TRONG MO
TRUGNG NUGC BIEN BANG PHUGNG PHAP TONG TRG

Nguyén Thi Phuong Thoa - Nguy&n Th4i Hoang - Lé Xuin Qué
Trudng Pai Hoc Khoa Hoc Ty Nhién
(Bai nhdn ngay 26 /02/1999)

TOM TAT: Cd s3 cia phuong phép thay th€ dién trd phén cuc R, trong phudng trinh Stern-
Geary bing dién tr§ chuyén dién tich R, d€ xdc dinh t6c d an mon dudc trinh bay ngin gon va
dp dung cho trudng hop dn mon thép N8O trong nudc bién & nhiét d6 30°C trong moi trudng tinh.
Nhitng k&t qud thu dugc tr sy phan tich phd (8ng trd dién héa cia thép trong mdi trudng nudc
bién c6 chita sunphdt nhém va sunphat sdt (IIT) dugdc so sdnh véi cic k&t qua do dudc tir phuong
phép hao hut khéi lugng.

1. GIGI THIEU
Phuong phép tdng trd dién héa bdt ddu dugc 4p dung & nhiéu nudc tif hon 30 ndm qua va

ngay cang dudc phat trién sau rong. Tuy nhién & nudc ta day vin 12 mot phuong phdp mdi mé
trong nghién citu dién héa, dic biét 12 trong linh vic #n mdn. Phuong phdp tdng trd dugc xay
dung trén c¢d sd md hinh héa cac qud trinh dién héa xdy ra trén ranh gidi phan chia pha. Qu4
trinh an mdn trong méi trudng nudc bién 12 mot qud trinh phifc tap bao gdm nhiéu giai doan,
phdn Wng khdc nhau va chiu dnh hudng cia rat nhiéu y&u 8 trong mdi trudng. Vi th€ di cé
nhiéu mé hinh dugc dé nghi. Trong bai bdo nay ching t6i trinh bay mdt \ng dung clia phuong
phdp t8ng trd vao viéc nghién cifu An mon thép trong moi trudng nudc bién cé chifa
Fea(S04); va Aly(SOy)3 v6i ham lugng dudi 40ppm trén cd sd phén tich dugc hién tugng phan
cuc & ving tan s& thap. Theo mot s6 nghién citu clia ching t6i phdi hgp véi Vién Nghién ciu
Thiét k&€ ddu khi bién thudc Xi nghiép lién doanh Vietsovpetro, nhitng mudi nay c6 kha ning
\ic ch€ nhe qud trinh an mon thép dng chdng trong nudc bién bom ép via ddu

2. PHUONG PHAP NGHIEN CUU
2.1. Lugc thdo vé phuong phdp tdng trd dién héa (EIS)
Phuong phdp EIS si dung tin hiéu dong xoay chiéu dé€ khio sdt cdc phin t¥ doéng R . C.

W mo phdng tir hé dién hoa.

* R : dién trd (dién trd Ohm, dién trd chuyén dién tich. dién trd phén cic..)

* C:dién dung (I6p dién kép, hap phu...)

* W : tng trd Warburg

Khéc véi R, C trong mach dién k¥ thudt 12 nhitng phin tf thy déng, R vd C m6 phdng

cho hé dién héa 12 cdc phdn t¥ hoat dong.

Khi dit tin hiéu th€ xoay chiéu ug) = Ussin(wt+) qua mdt hé dién héa s& nhan dudc tin

hiéu dong iy = Isinwt. ThE va dong xoay chiéu 12 nhitng haim phic duge khai trién theo
rodn tif Laplace ¢6 dang nhu sau:
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UUm) = Uuej(wl+(p)
I(j(ﬂ) = Io C’Hm[)
Téng tr3 clia mach dién wong duong dude xdc dinh bing dinh ludt Ohm [1]:

u, ;
Zjoy=Ugo/ ljw = 5=€” (1)
Trongdé:cp:cpu—cpilégécpha;j=«J—1 : @=2nf

Téng rd Z 12 ham phifc phu thudc vao tan s§ gdm phén thyc Z' va phén do Z"

Zijw =2 -)2° (2)
2" = -|Z|sing
7' =|Z|cosp f

i
i
‘ﬂ

—

omn

Hinh 1: M&i lién hé gilta phan thyc va phin o ciia tOng

Dudi ddy trinh bay mot s& mach dién tuong dudng cd ban md phdng cho cdc hé dién
héa[2]:

a) Mach twong duong (hinh 2) cho phén ing dién héa b khéng ché bdi chuyén dién tick
Hinh 2: Mach wiong duong ing v6i hé dién

héa bi khéng ché& bdi chuyén dién tich (I:d;
_Re
R, - dién twd thudn (dung dich, day
dan..) Ty
Cy - dién dung cla bé mit dién cuc Ry

(16p dién kép, hap phu ..)
R, - dién trd phén cuc
Téng trd Z(jo) cla mach twong duong trong hinh 2 ¢4 thé biéu dién bing ham cia tan s0

f = ®/2n nhu sau:

Z(jo) = Re+ 3)

- SR
1+ joC,R,

Cic gid tri Re va R, ¢6 thé dugc xdc dinh twdng dng tf gi6i han tin & cao va tAn s8 thap
c&a phé téng trd do dugc thev nhifng phudng trinh sau:

R, =lim|Z|

[

g1
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Céc g:zi tri R, va R, ¢6 thé dugc xdc dinh tuong Ung tir gidi han tan s& cao va tan so thap
ctia phé téng trd do dlrdc theo nhitng phuong trinh sau:

L= llleI

Joa

R,= llm|Z| -
=0
Trong dd thj -Z" theo Z' s& nhin dugc mét cung ban nguyét v6i bdn kinh bing Ry2. Cé
thé xdc dinh gid tri Re va Ry tr diém cit cda cung nay trén tryc thyc (Z'). Pién dung Cy c6
thé xdc dinh tir Rp, va gid (ri tan s6 finax cla cuc dai tdng trd 40 Z'";

Ca = (2n 1Fmime ) 4)

b) Mach twong duong v6i hé dién héa bi khong ché bdi khuéch tan

M@at trong cdc so do co bdn clia phan ng dién héa dugc mo ta bidng mach Randles (hinh
3). Mach nay mo phdng phén ting dién cyc don vdi su khuéch tén cida tac chat hodc sdn phim
hodc c4 hai dén bé mit dién cuc [2]

Ca
Hinh 3: Mach wong dudng véi hé dién R, —
héa c6 khd niang phin cyc do dién rd dung

dich, dién dung 16p kép, qud wuinh chuyén ﬂ R
dién tich va qud trinh khuéch tdn , I:I D
Tdng trd khéch tan dige cho bdi: (W: t8ng trd khuéch tén)

c
W= w=mil - 1)
P Vi

L
|

Trong d6 o la hé s6 khuéch tdn Warburg, va:

R +W
Pl i (5)
I+ jwC, (R, + W)

R0 rang, cong thic tinh tng trd cla mach twdng duong sé rat phic tap khi ¢6 nhiéu phén
t thanh phén tham gia trong qué trinh d1¢n hod. Pién trd chuyén dién tich R, thudng dugc
xdc dinh béng cdch ngoai suy t3ng trd & tAn s ) thdp vé Z" = 0 [4].

2.2. Ap dung tdng tré dién hod trong nghién cifu &n mon kim loai

Phuong phdp dién hdéa xdc dinh t6c d6 &n mon phd bién 1a phuong phdp dién trd phan
cuc tuyén tinh. Trong phuong phap nay dién trd phan cyc R, xdc dinh tird6 thi E-1 & ving
gan th€ an mon By, duge dp dung dé tinh mat do dong dn mdn L., theo phuong trinh Stern-

Geary :
d 23031 AL ) ©6)
R LB

P ulc

Bong hoc cdc qua trinh dn mon dién hod x4y ra rat phifc tap vi thé céc phuong phdp tinh
pdp phai nhiéu khé khin trong viéc xdc dinh dién trd phén cue.
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Phu’dng phép tong trd sit dung tin hiéu xoay chiu dé khdo st hé dién héa. V6i ky thudt
do t8ng trd vang tan s6 thap da phén tich dugc hién tigng phén cyc gy ra bdi cdc giai doan
¢o ban trong qué trinh #n mon nhu phdn ng anod, thy ddng, dc ch&, phén ung catod, chuyén
chét...

Chiing ta xét mach dién twdng dudng (hinh 4) mo phdng hé dién hod 4n mon. Pdy 1a mot
trong cdc mach dién c¢d bdn da néu wén.

Hinh 4: Mach wong duong md Ca
phéng hé in mon dién héa Re {1
Véi:
R. - Dién trd dung dich LS 7
Cq - Bién dung 1dp kép

Zp - TOng trd faraday déic trung
cho phan ng dién cuc

Trong trudng hgp dong t3ng I chi phu thudc vao th€ va khdng c6 sy phan cyc thi c6 thé
tinh t6ng trd theo phudng trinh sau(3]:

Apor o B sl (7)
AR« Zgp- AB. AB R,

Zr=Rp

D3&i v6i hé dn mon dién hoa thi gia thi€t wén khé dat dugc, thong thudng I, , I khong
nhitng phu thudc vao thé ma con phu thudc vao dong hoc cda qud trinh &n mon. Epelboin [3]
gid thiét riing néu p, 12 mét yéu t6 dong 4nh hudng dén qud trinh anod thi t6ng trd faraday
cho hé dién héa c6 dang nhu sau:

Es_:(él_a_) +(§£) +(Ma]A L (8)
AE AE/ AE/, \Ap,
. o2 o AI;, M(_‘ s L 2 . - -
Trong bi€u thiic nay +| —= dic trung cho qué trinh chuyén dién tich va
AE P, AE P,

dugc ky hiéu bing 1/R,

Al, | A
[A J AI]}E;' dac trung cho hanh vi dng do p, gy ra va dudc biéu dién bdi phuong
Pa

trinh :

dap,

Z}\.AA a + gAE 9
dt Pa + I 9

Tuong tw nhv AE, Ap, cling dao dng tudn hoan theo thdi gian v4i bién dd nhd, khi dé:
dA
S = 2nfidp, = hadpy + AR (10)
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Va phuong trinh (8) dudc viét lai:

Alg, 11 (Ala) i,

—S =y , (11)

AE  Z; R, \Ap,/2jnf-2A,

khif>o = Ze=R, (12)

khifs0 = -t Al [Apﬂ) = a2
Z; R, Mp,\AE/, R,

R, xdc dinh dugc ti biéu thic trén c6 thé thay thé& cho R}, trong phuong trinh Stern-Geary
dé tinh t6c d6 4n mon cda kim loai.

Nhu vdy, qua phén tich t8ng trd faraday Zp, su thay déi bé mit dién cuc trong vtmg thé

hep xung quanh th€ in mon ciing duge khdo sit; khic véi phudng phédp phan cyc tuyén tinh
thudng cho ring sy thay di nay khéng ddng ke

3 THUC NGHIEM
3.1. Chu&n bi miu

Mau thép N80 hinh tru dugc boc xung quanh bing nhya epoxy chira b& mit 1am viéc véi
dién tich 0,87cm®. Trudc khi do dién cyc duge mai lan lugt bing glay nhdm Nhit s8 360 sau
d6 mai nhin bing gidy nham s8 600, va cudi ciing Ia 1200. Sau khi tdy diu, m3 bing cdn 90",
dién cyc dugc rifa lai bing nudc cat rdi sdy khd. Sau mbi 14n do bé mat dién cuc dude xit i
nhit nhau nhim ddm bdo d6 lap lai cla phép do.

3.2. Dung djch do

Nudc bién nhan tao dugc pha theo thanh phén (g/1): NaCl28; MgCl, 2,3; MgSOy 3,5:
C&Clz 1,2; NaHC03 0,2.

Céc phu gia Fea(S04); va Alx(SOy4); duge pha vao nude bién nhin tao véi cdc ndng d6 0 ;
5,;10;20;40 ppm. \

Céc thi nghiém déu ti&n hanh & nhiét d§ phong, trong didu kién finh va thong khi.

3.3. Thi€t bj do

Hg do dién hod 1a hé ba dién cuc:

Pién cyc lam viéc : thép N8O, dién tich 0,87cm?.

Pién cuc so sdnh: calomen bdo hoa

bién cuc phu: platin hoic titan

Pudng cong phén cyc dugc do trén méy Potentiostat Wenking 72. Tié€n hanh do thé in
mon theo thdi gian cho dén khi dat gid tri th€ n dinh. Tdng 13 dién hod duge do trén mdy
Solatron Schlumberger 1250 vdi thiét bi chuyén ddi Interface 1286.

3.4. Céc thong s¢ ky thudt do tdng tré

Ché€ d6 do: potentiostatic.
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Thé dat vao : thé dn dinh E,.
Viing tan s8: 65kHz dén 2.5mHz.
3.5. Phuong phdp xdc dinh théng s& dién héa trén phd t8ng trd Nyquist

Omax=1/RCq

Hinh 5: S¢ d0 phén tich Vi
phd t8ng td Nyquist dé ang R -
xdc dinh cic thdng sO
qud trinh di€n hé y
a Vung p-
_’
5

Viing R, - Cq : phdn ng &n mon khdng ch€ bdi qud trinh chuyén dién tich

Ving p - L : phén ng 4n mdn khéng ché bdi dong hoc cdc qua trinh hap phu,

Trong qud trinh &n mon cia thép trin thudng khong gap t6ng trd Warburg W vi theo mét
s& tac gia, dang téng trd nay chi xuat hién khi cd hai phén ng anod va catod bi khong ché
bdi qué trinh khuéch tén [4].

Gi4 tri dién trd chuyén dién tich R, dugc xdc dinh & ving tan sd thap bang cdch ngoai
suy cung Z"N Z' vé gid tri Z" = 0. Pién dung 16p dién kép Cq dugc xic dinh tif cong thuc [5].

Omax = 27fmax = 1/RCa (14)
f .. 12 tAn s8 Ung v6i gid tri Z* cuc dai

Mat d6 dong n mon dugce tinh theo phuong trinh Stern - Geary - cong thifc (6). Tir d6 dé
dang x4c dinh toc d an mon:

Vaa= 0.373 «lga (EW) (15)

Véi:

EW - duong lugng gam cia kim loai, g

icor - mét d6 dong d4n mon, mA/cm?

Veor - t6¢ d6 dn mon, g/cm?.gid.

4 KET QUA VA THAO LUAN

4.1. Anh huéng cia thdi gian ngdm méu lén th€ #in mon

Sy phu thudc cda gid tri thé &n mon E, theo thdi gian ngdm cua thép N80 trong nudc
bié€n nhan tao dugc trinh bay trong hinh 6.
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Hinh 6: PO thi E, - t ciia thép N80 trong mutdc bién véi 3 lén do khdc nhau

Tir dd thi trén hinh 6 nhén thdy th& dién cuc thép trong nuwdc bién nhén tao ting nhanh
treng 1000 gidy dau sau khi ngdm mau, sau d6 dat gid ti 6n dinh. Pdng thdi viéc xi¥ 1y bé
mat trude khi do ¢6 dnh hudng rit 16n dén thé E,, dic b1et trong giai doan E, chua dat dén gia
tri 6n dinh. :

D6 thi biéu dién sy phu thudc cla thé in mon E, theo thdi gian ngdm méu cda thép N8O
trong nu6c bién nhin tao c¢é chita sunphat sit (III) va sunphdt nhom ciing c¢6 dang hoan toan
twong ty chiing t6 & nhitng ndng do nghién cifu ¢ hai chat Fe,(SO4)3 va Al(SO,); hdu nhu
khéng dnh huéng dén gid i th€ &n mon E, ciing nhu thdi gian dé thé dat dudc gia tri 6n dinh.

4.2. Phd tdng trd dién hod cda thép N80 trong nudc bién chita sunphat sit

Phd tGng trd dign hod, dang Nyquist, cda thép N80 trong nudc bién nhén tao c6 chia
sunphat sat (III), do tai th€ E, &n dinh, dudc gidi thiéu trong hinh 7.

Hinh 7 cho thay khi thay d6i ham lugng Fe,(SO4); tit 0 dén 40 ppm gi tri t8ng trd ciia
thép N80 trong nudc bién chi khdc nhau & viing tdn s6 trung binh va thap.

Dién trd chuyén dién tich R, va dién dung Idp kép Cy cia thép N8O trong cdc hé nghién
citu xdc dinh tir phd ©ng 1d hinh 7 duge dua ra trong bang1 va hinh 8.
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Hinh 7: Phé t6ng rd dién héa ciia thép N80 trong nudc bién chita Fey(SO4); & cdc nong
d6:0(-0-);5(-0-); 10 (-0 -); 20 (-A-) ; 40 ppm (- V-).

Ti hinh 8 nhan thiy sy bién ddi cia R, va Cq theo ndng dd Fex(SO4); ¢6 lién quan vdi
nhau. Trong ving ndng d6 Fex(SO4); khdo sét thi dién trd cao nhat va dién dung thap nhat
dudc quan sét thay & ndng dd 10ppm. Tai ving ndng do Fex(SO4); 20ppm gid tri dién trd va
dién dung gin bing vdi dung dich nudc bién khong chita Fe,(SOs4);. Tai 40ppm, dién trd co
gi4 tri thép nhat trong khi dién dung dat gid tri cao nhat.

Bang 1: Anh huéng clia ndng do Fe,(SO4);1én R, , Cy

Ham lugng Fe,(SO4)s, ppm 0 5 10 20 40
R, (Q/cm?) 1590 | 1500 1750 1520 1340
Ca (uF/cm?) 97 | 105 90 100 115
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05

10 20 30
C (ppm)
SF

Hinh 8: Su phu thugc ciia dign dung Cyva dién trd R, ciia thép N8O trong nude bién nhan
tao & thé E, vao nong dp Fe;(S04);

4.3. Téng tré dién hod trong nuéc bién chita sunphdt nhom

Tdng trd dién hod do cho hé thép N80 trong nudc bién nhan tao chita sunphat nhém duge
nghién cifu twong t nhu ddi vai sunphdt sit (IMI). Phd tdng trd dién hod, dang Nyquist, ciia
thép N80 trong nudc bién nhén tao c6 chita Aly(SO4)3 v6i ham lugng tir 0 d&n 40 ppm do tai
th& E, 6n dinh dudc gidi thiéu trong hinh 9. Céc gi4 tri dién trd va dién dung xdc dinh dugc tr
dd thi hinh 9 dudc trinh bay trong bang 2 va hinh 10.

Bang 2: Sy phu thugc R, , C4 vao nong d) sunphdt nhém

Ham lugng Aly(SO,)s, ppm 0 5 10 20 40
R, (Q/cm?) 1590 | 1440 1220 1042 1340
Ca (uF/cm?) 97 125 145 148 115
{7 zingsAEe '

o
(=}

-Zi (kcm)
o
>

IR R
Zr (kQcm

Hinh 9: Téng trd dién héa cia thép N8O tai thé E, trong nudc bién chita Aly(SO4); vdi
’ ham lugng 0 (-0 -);5(-0-); 10 (-0 -); 20 (-A-) ; 40 ppm (- V-).
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Hinh 10: Sy phu thudc R va C vao ndng dd Aly(SOy)s, do tai thé€ E, 8n dinh

10 ¢ pm) 3°
SA

Tir hinh 9 va 10 nhén thdy, trong ving ndng do 5 - 20 ppm, Al,(SOy4); 1am gidm gid tri
dién trd va 1am tang gid i dién dung clia hé thép N80 - nudc bién nhéan tao. Tuy nhién, &
ving ndng dé Alx(SO,); 20 - 40 ppm lai quan st thdy hién twgng ngudc lai: tai ndng do
40ppm dién trd cao hon tai 20 ppm, con dién dung lai nhé hon.

T8¢ d6 an mon thép N8O trong nudc bién nhén tao tinh trén cd s phuong trinh Stern-
Geary c6 st dung dién trd chuyén dién tich 8 mot s6 ndng do sunphdt sdt dugc trinh bay trong
bang 3. Khi tinh nhiing gid tri trong béng, ching t6i s dung hé s8 Tafel trung binh xdc dinh
bing phuong phap phan cyc thé dong trong nhiing diéu kién tuong ¢ (b, = 60mV, b, = -
600mV cho thép N80 trong nudc bién).

Bang3: Anh hudng ciia ham lugng Fe;(S04); 1én tdc d§ dn mon thép N80 trong nudc

bién
Fe,(S04)3 (ppm) | R(Q2 lcmz) | . 10> mA/cm? | Veom,mm/ndm
0 1590 1.51 0.180
10 1750 1.37 0.164
20 1520 1.58 0.185
40 1340 1.79 0.189

DPé ddnh giﬁ mifc dd chinh xdc clia phép do tdng trd d6i véi viéc xdc dinh tdc do dn mon
chiing t6i so sanh vdi gid tri 4n mon thép trong nudc bién do céc tac gid khdc [8] thu dugc
bing phuong phdp khdi lugng (bang 4)

Bang 4: Téc d) #n mon cia mdt s6 loai thép trong nudc bién, xdc dish bing phuong
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Bang 4: Téc d9 in mdn cia mot s6 loai thép trong nude bién, xdc dinh bing phuong

phap khéi lugng [8]
Vit liéu Veorr b(mm/nam) Thoi gian ihif nghiém
Thép carbon thip 0.15 193 ngay
Thép carbon két cau 0.12 1 nim rudi

RG rang gid tri toc d6 in mon xdc dinh bing phuong phdp tdng trd s dung dién trd
chuyén dién tich ¢6 cling béc vdi gid tri t6c d6 An mon xdc dinh bing phuong phdp hao hut
:h6i lugng.

5. KET LUAN

Biing k§ thudt do (6ng trd ving tan s& thap phuong phdp tOng trd da phan tich dugc hién
tugng tré trong hé dién héa in mon tir d6 xdc dinh dién trd chuyén dién tich thay thé cho dién
trd phan cyc trong phuong trinh Stern — Geary dé tinh mat d§ dong 4n mon clia kim loai. Cdc
két qua toc d6 &n mon cda thép 6ng chdng N8O trong nudc bién nhén dugc theo phuong phip
nay tuong d6i phi hgp véi két qua cla phuong phdp khéi lugng.

ELECTROCHEMICAL IMPEDANCE MEASUREMENTS ON CASING STEEL IN SEA
WATER : EFFECT OF ALUMINIUM AND FERRIC SULFATES ON THE CORROSION
BEHAVIOR

Nguyen Thi Phuong Thoa - Nguyen Thai Hoang - Le Xuan Que
ABSTRACT : The use of impedance measurements, particularly for corrosion studies, is
increasing. This paper describes the basic mathematics involved in the modeling and gives some
results for the case of steel corrosion in the seawater consisting of 0; 5; 10; 20 and 40 ppm
Fe,(S0,4)s or Aly(SO4);. The data showed that there was an agreement between the corrosion
rates calculated by Stern - Geary equation using charge transfer resistance determined from
electrochemical impedance spectra and those obtained by weightloss measurements.
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