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TOM TAT: Qud trinh dn mon thép cdn khoan S135 va thép dng chéng K55 trong dung djch
khoan nén c6 chita ddu thdo mc bién tinh vdi cdc ndng dé: 0,0; 0,1; 0,5; 1,0; 2,0; 3,0 g/13
nhiét d¢ 30°C, dp sudt 1 atm da dugc khdo sdt bdng phuong phdp phén cuc thé déng. Téc
d¢ dn mon thép dugc xdc dinh theo phuong phdp dign trd phdn cuc tuyén tinh. Sw chuyén
dich di¢n thé dn mon E,,, vé phia dién thé duong hon, sy tdng ddng ké cdc gid tri hdng s&
Tafel ciia qud trinh phén cuc andt va catdt b, [b. [ va dién tré phén cuc R, khi tdng ham
lugng ddu trong dung dich chitng té ddu thdo méc bién tinh da hdp phu trén bé mat cd hai
logi thép tao thanh ldp mang cd tdc dung bdo vé chdng dn mon. Ddu itc ché nhe qud trinh
anét va chuyén qud trinh catét sang vang djng hoc khuéch tdn. Khd ndng itc ché an mon
thép trong dung dich khoan ciia dau thdo mgc bién tinh tdng theo ham lugng ddu.

'PAT VAN PE

Thép cin khoan va 6ng chdng trong thi€t bj khoan thim do va khai thdc dau khi
luén chiu tdc dong dn mon cla dung dich khoan, nudc bién, nude via, nudc. gi€ng va
nudc 14n trong diu thd [1]. Cdc k&t qua thdng ké & Lién X6 va mot s6 nghién cifu cda
cédc tdc gid Trung Quéc cho thdy: khodng 60% su c6 x3y ra trong qud trinh khoan 12 do
cdn khoan va &ng chdng bi hi hdng. M6t trong nhitng nguyén nhén chinh phd hiy cdn
khoan va 8ng chdng 12 sy &n mon cin khoan biing thép dudi tdc dung cda dung dich
khoan dugc bom tudn hoan trong cdn khoan d€ 1am mat, bdi tron va khi bd min khoan
[2,3]. Gan ddy, m0t s6 tdc gid da chi ra riing, trong thanh phin cda hé dung dich khoan
dang dudc Xi nghiép Lién doanh Dau khi Vietsovpetro st dung, c6 mot s6 héa phim
gy ra sy in mon manh thép cin khoan S135 va thép 6ng chéng K55 [4]. V& nguyén
tic, c6 thé gidm t&c d6 4n mon thép cla dung dich khoan biing hai cdch: mdt 1a thay thé
cdc chdt phu gia ¢6 hoat tinh &n mon manh bing nhiing héa phdm khic khong gy #n
mon; hai 1a thém vao dung dich khoan mét chat @c ch€ in modn (CUC) thich hgp. Viéc
thay thé cdc cha't phu gia trén 12 mot vAn dé rdt phic tap. Vi vy, chiing t6i chon hudng
nghién citu va tim ki€m mét loai CUC #n mon thép mdi cho dung dich khoan.

Trong cdng trinh nay chiing t6i d4 4p dung phudng phdp dién héa dé khdo st qud
trinh ¢ ché tdc dong 4n mon thép cin khoan va dng chdng trong dung dich khoan ciia
sdn phdm sunfat héa diu thdo mdc. Nghién cifu cung cdp s& liéu khoa hoc 1am cd sd
cho viéc dé xud't kha ning st dung diu thio mdc - ngudn nguyén liéu ré tién, sin cd,
khong doc hai, 1am chdt dc ch€ sy in mon thép cin khoan vd 6ng chdng trong
dung dich khoan.
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PHUONG PHAP NGHIEN CUU
1. Cd sd 1§ thuyét ctia phuong phép dién héa nghién citu &n mon

P& khio sdt cd ch€ qué trinh in mon thép trong dung dich khoan va dnh hudng
ctia ddu thdo moc bi€n tinh, ching t6i da ti€n hanh xdc dinh th€ &n mon Ec,,,, mit d6
dong &n mon iy vA mOt s8 thong sd dién héa quan trong khdc nhu cdc hing s6 Tafel
ba, b, dién trd phin cuc R, bing hai phuong phdp phan cuc thé dong: phuong phdp
ngoai suy Tafel va phuong phdp dién trd phan cyc tuyén tinh Stern-Geary [5, 6].

Nguyén tdc chung cda cdc phudng phép phén cuc theé dong 1a dua hé khdo sét ra
khdi trang thdi 6n dinh biing cdch phin cyc thép trong gidi han nao dé va do mat dd
dong dién i tudng \ng tai mdi gid tri thé dién cuc. Tir cdc dudng cong phan cyc E - i hay
E - logi thu dudc, xdc dinh c4c thong s& dién héa dic trung cho qua trinh khdo sét.

Dua vao gi4 tri mat d6 dong dn mon icer tinh t6c d§ @n mon theo dinh ludt Faraday:

3,23i__(EW)

corr

V., (mm/nam) = b
Trong d6: icerr : mat d§ dOng dn mon (mA/crn")
EW : dudng lugng dién héa cua kim loai (g)
D : ti trong kim loai (g/cm3)

M4t d6 dong tdng cOng i 1a tong clia ddng i, va i

gog L o8 aZFn - BZF ry)
=i +i = - M el §
P=iy+i =i, [exp[ BT J exp[ "

G day: o, B 14n lugt 12 hé s8 chuyén dién tich cla qud trinh andt va catdt
7= E - E.ony 12 qué thE

a) Phuong phdp ngoai suy Tafel

Trong trudng hgp phin cuc 16n so v6i theé &n mon Ecer (In| >> 25 mV) chi c6 mdt
phin \ing dién cuc quyét dinh phin 16n mét do dong téng cong i va qud th€ 7 12 ham
tuyé&n tinh bac nhat theo log li]. Cu thé, khi phan cyc andt Idn ta ¢6 :

i=i, =i, exp(ai?ﬂ) — 11 = a,+ b,logi

v 2,303RT 3

a

a az= “balogico.rr

Tuong tu khi phin cyc catdt 1dn, ta c6:

| i | =iy =i exp[“ﬁi”) > 1= ac+ bioglil
véib, =M va a.= -bclogicor
PZF

Trong phuong phdp ngoai suy Tafel thyc hién phan cuc anét thép (tf E; = Econ
dé’ﬂ Ez = Eco[r + 0,3V) Vﬁ phﬁl’l Cl_]'C Catﬁ’t (tfl’ E] = Econ dé’ﬂ E’Z = ECDIT 2 0,3V). Tl'én CéC
dudng cong 7 - logi xac dinh hé s6 Tafel b, va b, . C6 thé ngoai suy doan thdng Tafel vé
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gid tri E,,, d€ xdc dinh mat do dong an mon icp. Tuy nhi€n trong méi trudng trung tinh
va ki€ém theo nhiéu tdc gid [5,6], mat d6 dong &n mon tinh theo phuong phap nay kém
chinh xdc do dnh hudng cia dong hoc khuéch tdn va sy bi€n ddi tinh chit bé mit khi
thuc hién phin cuc 16n.

b) Phuong phdp dién tré phdn cuc

Phuong phdp nay dua trén viéc xdc dinh dién trd phdn cuc R, ciia hé &n mon, tic
1a d§ d6c clia dudng cong phan cuc E - i tai ving gin th€ &n mdn E,. R, ti 1& nghich
v6i mit d§ dong dn mon i,,,.. Trong ving phin cyc nhd, || << 25 mV, mit d6 dong
téng do dugc bao gdm sy déng gép clia cd hai phan @ng dién cuc:

S [ (2,303:7] (2,303:;)]
i=i, +1 =i, |exp S —exp e

> (@) =R, = 2303R i 0| — +—
0Oi 7=0 b b

a (4

TUr d6 it ra phudng trinh Stern-Geary:
iCOﬂ" = b = b & (*)
2,303 R, (b, +b,)

Ti€n hanh phén cuc thép trong khodng E.,,, #30 mV, xéc dinh R, — d6 d6c dudng
cong E — i trong ving + 5mV xung quanh E,,. Thay thé€ cdc gid tri b, b. nhdn dudc
trong phuong phdp ngoai suy Tafel vao bi€u thic (*) dé tinh i.,,.. Phudng phdp nay
khdc phuc dugc mdt s6 nhuge diém ciia phudng phdp ngoai suy Tafel nén cho k&t qud
chinh x4c hon. ’

2. Pha ch€ dung dich va do cdc dudng cong phén cuc

Dung dich khoan nén chita sét bot bentonit (60 g/l) va natri carbonat Na,CO; (0,8
g/l) duge pha biing nudc gi€ng 14y tir gian khoan s& 10 ngoai khdi bién Viing Tau & dd
sdu 200 m. Thanh phin héa hoc clia nudc gi€ng dugce trinh bay trong Bang 1.

Béng 1: Thanh phén héa hoc va déc tinh ciia nuée giéng (nuée ki thudt)

Khéng mau, khong mui, khdng vi Ti trong 1,0005

b6 din dién ( § 29°C) 4,1 mS/cm pH (8 29°C) 8,3
Ton cr SO | HCOs | cos> | ca®* | Mg* | K* Na*
Nong d6 (mg/l)| 505,16 | 294,63 | 335,50 | 18,00 | 30,00 | 22,50 53532

Déu thio mdc bién tinh (DTMBT) dudc thém vao dung dich nén véi cdc ndng d:
0,1;0,5; 1,05 1,5; 2,0 g/l. T4t c& cdc dung dich nghién citu ¢c6 pH 9 +9,5.

Dién cyc 1am viéc: cdc méu thép hinh tru dugc cit tit thép cAn khoan S135 ¢6 @ =
11,2 mm va thép dng chdng K55 c6 @ = 8,0 mm; xung quanh boc nhya epoxy-Specifit-
20Kit day 2 cm chi dé hd bé mat lam viéc dién tich 1,00 cm? d6i v3i thép S135 va 0,50
cm’ d&i véi thép K55. Thanh phan cla hai loai thép dudc trinh bay trong Bing 2.
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" Bang 2: Thanh phén (%) ciia thép cdn khoan S135 va thép ong chong K55

Nguyén t& C Mn Si P S Mo Cr Al

Thép S135 | 0,300 | 0,970 | 0,250 | 0,018 | 0,004 | 0,460 | 1,040 | 0,074

Thép K55 0,340 | 1,320 | 0,260 | 0,011 | v,004

Dién cuc d6i: Day Platin ¢6 dién tich b& mat 9 cm’

Dién cuc so sdnh: Ag/AgCl bio hda. Moi gid tri th€ dién cuc trong nghién cfu nay
déu dugc xédc dinh tuong d6i so vdi th€ dién cuc Ag/AgCl bdo hoa.

Ti&n hanh phan cuc andt va catdt cdc miu thép S135 va K55 trong dung dich nén
va trong dung dich nén chifa cdc ham lugng diu khdc nhau & diéu kién binh thudng (T=
30°C, P = 1 atm) theo tiéu chudin ASTM G5-94 [7] trén thi€t bj Potentio — galvanostat
PGS-HH6. Téc d6 quét thé 0,5 mV/gidy. Cdc dudng cong phan cuc dugc xif 1y theo
phuong phdp ngoai suy Tafel va phudng phédp dién trd phan cyc tuy€n tinh Stern-Geary
theo tiéu chuin ASTM G 59-91 [8] va ASTM G102-89 [9] d€ nhin dugc cédc thong s6
dién héa: dién th€ in mon Econ, cdc hing s Tafel cia qud trinh andt va catdt by, be,
dién trd phin cyc Ry, mat d§ dong dn moOn icorr.

KET QUA VA THAO LUAN

1. Tinh chit cia qué trinh &n mon hai loai thép trong dung dich khoan nén
khong chita ddu thdo méc bién tinh

K&t qué do cédc théng s phin cuc th€ dong ddi vdi thép S135 va K55 trong dung
dich khoan nén khdng chita ddu thdo mdc bi€n tinh dudc trinh bay trong bang 3.

Theo mdt s6 tac gid [10] thé dién tich khong cia st vao khodng —0,700 V va gia
tri nay it ﬁhq thu6c vao pH ctia mdi trudng. Dién th€ &n modn clia hai loai thép khdo sat
trong dung dich khoan nén khéng chita diu thdo mdc bi€n tinh Ecor = - 0,650 V, dudng
hon th€ dién tich khong clia sit. Piéu nay chitng td bé mit thép trong dung dich nghién
ctfu tich dién duodng tuy riing dién tich duong nay khong 16n 1dm.

Bang 3: Cdc théng sé phén cuc thé dong ciia thép S135 va K55 trong dung djch
khoan nén (khéng chita ddu thdao méc bién tinh) & 30°C

Ciéc thong s PCTD Thép S135 | ', Thép K55
cEeorr, V ; 0,650 0,650

ba,V 0,105 0,112
-be,V 0,204 - 0,240
R, x 107; Q.cm2 1,530 1,500
icorr x 107, mA/cm® 1,97 27

D6 déc Tafel clia qud trinh phan cyc anédt b, trong dung dich khoan nén khéng
chita dau thdo mdc bién tinh d6i v6i thép S135 va K55 cé gid tri xdp xi nhau. Nhu vdy,
tinh ch4t ciia phan Wng andt hoa tan sit 12 nhy nhau ddi vdi cd hai loai thép. Dya trén
céc gid thiét cda Nesic va ddng sy [11] d& nghi cho cd ch& cua qué trinh andt hoa tan
thép mém trong mdi trudng pH > 5 chia CoOs* ching t6i cho rdng, trong dung dich
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khoan nén phén tng hoa tan andt c6 thé x4y ra theo cic cd ché sau:
(la) Fe + H,O — FCOH(hp) +H" + ¢
.(2a) FeOH (4p) - FeOH" + e

hodc/va

(1b) Fe + Na,CO3 + H,0 — FeHCO3gpy + OH 4+ € +2 Na*
(2b) FGHCO3 (hp) — FCHCO3+ + e

Theo cd ch€ nay, hiing s6 Tafel cia qué trinh andt s& phai biing 0,118 V & 25°C.
Tri 88 thuc nghiém 0,105 V (d6i véi thép S135) va 0,112 V (d6i vdi thép K55) phu hgp
khd t&t vdi gid tri 1i thuyét.

bién tré phin cyc R, nhu nhau ddi vdi hai loai thép cho phép gid thi€t mang hip
phu gdm cdc 16p phifc trung gian ferrohydroxyl, do su tudng tédc gitta nudc, oxy hoa tan,
goc OH’ va bé mit thép tao nén, c6 do day tuong ty nhau ddi vdi ca hai loai thép. Céc
tc gid [12] da gid thi€t I6p mang nay c6 thé cé ciu tric nhu sau:

Y AT Y
Méi truding 0 0 0 <—— L6p hdp phy vitly
| ! | |
H H H H
’/ \ / ""a ,fff \/
0 o] CIJ O <—— Ldp hdp phu héa hoc
e |
2
Bé mit thép Fe Fe Fe /Fe\

-~ Y b

Gid tri d6 doc Tafel clia qu4 trinh phan cuc catdt | b, | d8i véi ca hai loai thép 16n
hon 0,200 V thé hién vai trd clia dong hoc khuéch tan trong phdn wng khir catSt ciia oxy
hda tan (hodc clia nudc) trén bé mit hai loai thép, nhat 1a di vdi thép K55.

M4t dd dong dn mon trong dung dich khoan nén doi véi thép S135 (icorr = 0,0197
mA/cm?) thap hon so vdi thép K55 (icorr = 0,0221 mA/cm?), chitng té t6c do an mon thép
S$135 nhé hon t6c do &n mon thép K55. K&t qua nay phu hgp vdi két qua thu dudc ti
phuong phdp trong lugng [13].

2. Anh hudng ctia ddu thdo méc bién tinh téi co ch& in mon thép S135 va thép
K55

Céc thong s phin cuc th€ dong ddi vdi thép S135 va K55 trong dung dich khoan
nén cé chita dau thio mdc bi€n tinh dugc trinh bay trong Bdng 4 va 5.

Tir k&t qua trong cdc Bing 4 va 5 ta nhin thiy nhitng bi€n ddi sau:

* Ecorr. Dau thdo moc bi€n tinh dich chuyén ddng ké th€ in mon cla cd hai loai
thép vé phia duong: E,,,, cla thép S135 trong dung dich khoan nén dich chuyén ti -
650mV dé€n —427 mV khi ham higng du 1én dén 3,0g/1; E,r, clia thép K55 con chuyén
dich manh hon vé phia duong tif - 650 mV t&i — 412 mV khi ndng d6 dau ting tir 0 d&€n
2g/l. C6 thé gia thi€t riing di ¢6 mdt mang ddu hdp phu trén bé mat hai loai thép va sy
tuong tic gitta diu thio moc bi&n tinh vdi cdc ion sit trén bé mit thép c6 thé din téi su
tao thanh cdc phitc chét trung gian mdi 1am ting ning lugng hoat hda cliia qud trinh hda
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tan sit.’

Bang 4: Cdc théng s6 phan cuc thé dong cita thép S135 trong dung dich khoan nén cé
ddu thdo mc bién tinh & 30°C

Nong do dau(g/l) 0,0 0,1 0,5 1,0 - 1,5 2,0 3,0
- Bcorr (V) 0,650 | 0,596 | 0,545 | 0,492 | 0,462 | 0,451 | 0,427
ba,V 0,105 |1 0,135} 0,186- | 0,256 1 0,118 | 0,172}1. 0,199
-be,V 0,204 | 1,130 | 1,200 | 0,830 | 1,418 | 1,411 1,735
Rp x 102, Q.cm? 1,530 | 3,180 | 4,460 | 5,920 | 3,530 | 5,200 | 3,190
icor x 10%, mA/cm? 197 1,65 1.57 1,44 1,34 1,28 2,43

Béng 5: Cdc thong s6'phén cuc thé dpng ciia thép K55 trong dung dich khoan nén cé
ddu thdo méc bién tinh & 30°C

Nong do6 diu (g/l) 0,0 0,1 0,5 1,0 2,0

o B 0,650 0,505 0,502 0,415 0,412
by, V 0,112 0,130 0,158 0,159 0,151
< b ¥ 0,240 2,700 5,000 10,000 10,000
R, x107, Q.cm? 1,500 1,600 3,000 2,500 2,800
icor x 10%, mA/cm? 2,21 3,36 221 2,76 2,34
- 1gig, (mA/cm?) 1,65 1,80 1,55 1,55

* by: PO ddc Tafel clia qud trinh phdn cyc andt b, trong cdc dung dich khoan nén +
ddu ting nhe so vdi gid tri b, trong cdc dung dich khoan nén khong c6 diu. Piéu nay
cho thdy mang ddu hdp phu trén bé mat ci hai loai thép cé kha ning kim ham y&u qué
trinh andt hoa tan thép. Guo va Tomoe [14] ciing nhin dugc nhitng k&t qua tuong tu khi
nghi€n ctfu dnh hudng cia diglicolamin 1én qué trinh hda tan thép trong mdi trudng
chita CO3”. Ap dung nhitng li gidi ciia hai 6ng, ching toi cho riing c4c anion (DTMBT)
tao thanh tir ddu thio mdc bi€n tinh khong nhitng chi hap phu 1&n bé mit thép ma con
c6 thé tham gia truc ti€p vao giai doan chuyén dién tich (2) 3 trén:

FeHCO; 4y +nDTMBT™ — [Fe(DTMBT),J*" + HCO; + € (2%
Nhu vy, véi ndng d6 ddu thio moc bién tinh trong 1dp kép trén ranh gidi bé mit
thép — dung dich khd 1dn thi giai doan (2’) x4y ra rdt nhanh va giai doan tdc dinh clia
phdn @ng andt hoa tan thép sé 1a giai doan (1) hodc/va giai doan hap phu. Trong truding
hgp d6 hing so Tafel clia qud trinh andt s& 16n hon 0,118 V. Piéu nay dudc thdy rd qua
céc sO liéu trong Bang 4 va 5.
* b : Khd ning c ch€ cdc qud trinh catSt x4y ra trén bé mit hai loai thép cia ddu
thdo mdc bién tinh thé hién rd rang hon qua sy ting manh céc gid tri dd d6c Tafel cla
nhdnh phan cic catt | b, |. D&i véi thép S135 |be |ting tir 4 dén 7 1dn so véi gid tri
| b | trong dung dich khoan nén khéng ¢6 diu khi ting din ham lugng diu dén 3,0 g/l.
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Hé s8 Tafel catod | be| ciia thép K55 ting manh khi ting ham lugng dau thdo moc bi€n
tinh trong dung dich khoan va dat gid tri 16n hon rdt nhiéu 1dn so vdi | be f ctia thép trong
dung dich khoan khong chita ddu. C6 thé néi réing, ddi vdi thép K55 qud trinh khir cat6t
bi khong ché hoan toan bdi cd ch€ khuéch tdn. Ham lugng ddu cang ting, vai trd cla
dong hoc khuéch tén cang chi€m wu thé. Qua gid tri tudng dGi On dinh cia dong khuéch
tdn cuc dai (logiy) cia qud trinh khit cat6t ddi vdi thép K55 trong cdc dung dich khoan
v6i ndng d6 ddu thio moc bi€n tinh khdc nhau (Bang 5), ta thdy ig khong phu thudc vao
ndng do ddu; ching t qué trinh khi catdt trén bé mit thép chi 12 qué trinh khif oxy hda
tan trong dung dich khoan. .

* Rp: T6c d dn mon thép ti 1& nghich véi dién trd phan cuc R,. So vdi dung dich
khoan nén khong chifa diu, R, cia cdc dung dich khoan nén c6 ddu déu 16n hon tir 1,5
dén 3,5 1dn d6i vdi thép S135 va khodng 2 lan d6i véi thép KS55. Piéu nay lai mot 1in
nita khing dinh gid thi€t vé sy hinh thanh mang hdp phu khit chit giifa cdc phic
ferrohydroxyl hoic cdc sin phdm &n mdn trén bé& mit thép véi céc anion sunfit,
sunfonat ctia diu thio mdc bién tinh. :

KET LUAN

Diu thdo mdc bién tinh dc ch& sy #n mon ca hai loai thép can khoan va ong
chéng theo cd ché tao mang hdp phu. Trong dung dich khoan c6 chia diu thdo mdc
bi€n tinh cdc théng s& dong hoc nhtt Ecorr , ba, be, Rp, icom déu thay ddi theo hudng cho
t_hfi'y qué trinh hoa tan thép trd nén kho khin hon. Sy thay d8i cla céc dai lugng nay phu
thudc vao ham lugng ddu thdo moc bi€n tinh véi nhitng mufc dj khdc nhau. Diu tc ch&
nhe qud trinh an&t va chuyén qu4 trinh catSt sang viing dong hoc khué&ch tan.

EFFECT OF MODIFIED PLANT OIL ON CORROSION BEHAVIOR OF CASING
AND DRILL PIPE STEELS IN DRILLING FLUID

Nguyen Thi Phuong Thoa - Vu Dinh Huy - Dang Thi Thanh Hoa

ABSTRACT :The inhibition effect of a modified plant oil (MPO) on corrosion behavior of
drill pipe steel S135 and casing steel K55 in the basic drilling fluid has been investigated by
potentiodynamic polarization method. The éxperiments were carried out at 30°C, 1 atm and
at different MPO concentrations from 0.0 to 3.0 g/1.

The fact that E,,., was shifted to positive values, Tafel slopes and polarization resistant
increase with MPO concentrations, was explained by formation of protective adsorption
membrane of MPO on the steel surface in the drilling fluid. It was showed that the modified
plant oil has been a good cathodic corrosion inhibitor for both of the steels in the studied
medium. The effect of the modified plant oil on the anodic reaction was minor. In general,
the corrosion inhibition efficiency of the modified plant oil increases with increasing its
concentration.
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