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SUMMARY

Effects of sodium silicate and sodium orthophosphate on the carbon steel corrosion inhibition
in deoxygenated water at temperatures from 30°C 1o 140°C has swmdied by mass loss,
potentiodynamic polarization and electrochemical impedance spectroscopy methods. Sodium
silicate and sodium orthophosphate concentrations were surveyed from 0 to 500 ppm. The
experimental results showed that: 1. The carbon steel corrosion inhibition efficiency of sodium
silicate and sodium orthophosphate depend on temperature. The best result was obtained ai
60°C; 2. The optional synergistic combination for controlling carbon steel corrosion in
deoxygenated water is sodium silicate (500 ppm) and sodium orthophosphate (100 ppm); 3.
Sodium silicate is an anodic inhibitor, and sodium orthophosphate acts as a cathode inhibitor.

I- MG DAU

D3 ¢6 mot s6 cong trinh nghién ciu vé kha
nang tc ché dn mon thép cacbon trong nudce ¢b
chifa oxi bdi natri silicat [1 - 6], natri phot phat
{71, hén hop cita natri silicat v6i natri phot phat
& nhiét do thuong [8] va & cdc nhiét do Kkhic
nhau [9].

Muc dich nghién ctu cia ching toi 13 tim
hiu co ché va ty 1é phdi hop 16i uu cha natri
silicat v&i natri phot phat, diing 1am chat (¢ ché
in mon thép trong chat iong “Packer Fluid” trén
co s& nude dd khir khi oxi, dé bao ve viing
khoéng gian vanh xuyén cia cdc giéng khoan dau
khi, trong khoang nhiét do rong, tir 30°C dén
140°C [10].

I1 - PHUONG PHAP NGHIEN CUU

1. Poi tuong nghién citu

Thép cacbon P110. Thanh phan héa hoc
dinh danh cia thép P110 ghi trong (9.
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2. Chuin bi dung dich thi nghiém

Thanh phén héa hoc ciia nude ghi trong [9].
Thi nghiém trong binh thép khéng gl, kin. Dung
dich thi nghiém pha ché tir héa chat tinh khiét.
Néng dé mudi natri silicat va natri phot phat a:
100, 300, 500 ppm. Khir khi oxi di hda tan
trong nuéc biang chat khir oxi “Oxygen
Scavenger WB-70",

3. Xéac dinh toc @6 an mon thép theo phuong
phap trong luong

Mobi thi nghiém ding 2 mdu thép. Kich
thudc méiu thép: 50 mm x 20 mm x 3 mm, duoc
khoan 2 16, duong kinh 16 2 mm.

Xir Iy mau thép trude va sau thi nghiém theo
tiéu chudn M§ ASTM G1-90 [11].

Cic thi nghiém tién hanh theo tiéu chuin
My ASTM G31-72 va G111-92 [i2, 13], trong
khoang thoi gian: 4 git, 50 gidy va 96 gidy & nhiét
do phong (30°C), va trong 4 gity ¢ cac nhiet do
cao (60°C, 100°C va 140°C).



Bdrg I: Thanh phin cic dung dich thi nghi¢m

Dung | Nue | Nuseda | PO« | NasPO A NaPO | 0 g0, | Naysio, | NaySio,

dbch | céoxi | khioxi | 19° 300 901100 ppm | 300 ppm | 500 ppm
ppm ppm ppm

No.0 +

Ne.l +

No.2 + +

No.3 + +

No.4 + +

No.5 + +

No.6 + +

No.7 + +

No.8 + + +

No.9 + + +

No.10 + + +

bP6 sdu an mon thép (V) tinh theo cong thiic
{1
KWi{g)

V (mm/nam) =
(mm/nam) Alem® YT ().D(g/cm’) T

Trong d6: K = 8,76x10% W la do 16n that khéi
luong mau (g); A Ia dién tich miu (cm®); T Ia
thoi gian ngam méu (h); D 1a Khai lugng riéng
clia méu (g/cm?).

Hiéu qua bao vé thép khoi an mdn (Z) tinh
theo cong thiic:

VO
Z(%)y=——— x100 (2)
V(}
3 day: V,va V1a 18c d6 an mon thép trong dung
dich khong c6 va ¢ chat e ché an mon.
4. Phuong phap dién hoa

Sit dung thiét bi Solatron 12807 ché tao tai
Phip dé do cac dudng cong phan cuc thé dong,
do dién trg phan cuc va do téng ud dién héa
theo cdc tieu chuidn M§:ASTM G5-94, G102-89
va G106-89 [14 - 16]. Dién cuc lam viée 1a thép
P110 diic trong nhyua epoxy, chi dé hd dién tich
bé mat 12 1 cm’. Dién cuc déi la ludi platin; dién
cue so sanh 1a dién cuc calomen bao hoa (SCE).
Gia tri dién thé dan mon thép (E.,,.) duge so véi

dién cuc calomel bao hoa.

Po cic dudng cong phan cuc catdt va andt
Vi 1oc d6 quét th€ 1a 0,5 mV/sec, bat ddu tir gid
tri (E.,, -500 mV) dén (E_, +500 mV); do dién
tr&s phan cuc (R,) tir (E,, -20 mV) dén (E,,,+20
mV).

Xéc dinh t&c do an mdn thép (V.. theo gid
tri mit do dong an mon thép nhan duge ti
phuong phiap do dién tr& phan cyc tuyén tinh
(learr)-

Phé t6ng tr&y dién héa do tai gid tri (B, £5
mV) trén dai tan s6 tir 20.000 Hz dén 1 mHz.

Xir 1y s6 liéu thuc nghiém bang chuong trinh
“Fit and Simulation” ¢6 sdn trong phin mém
FRA, dé xéc dinh gid tri dién tr& thudn (R), dién
dung 16p dién tich kép (C) va t6¢c do an mon
thép (V...

1I - KET QUA VA THAO LUAN

Bang 2 cho thay, trong moi dung dich, tdc
do an mon thép déu giam theo thoi gian ngam
miu. Trong dung dich da khir khi oxi (No.1),
téc d9 an mon thép thdp hon trong dung dich ¢6
mat khi oxi hoa tan (No.0). Téc do an mon thép
giam theo chiéu tang cua néng do natri phot
phat (dung dich No.2, No.3) hodc natni silicat
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(dung dich No.4, No.5). ( ciing néng do mudi
va thoi gian ngam méu, mudi natri silicat ¢ téc
dung 13m giam tSc 46 an mon thép manh hon so
véi mudi natri phot phat; nghia 14, trong cung
diéu kién, hieu qua dc ché& an mon thép (Z) cua
natri silicat cao hon cta natri phot phat. Khi ¢6
mat déng thdi ca natri phot phat va natri silicat,
thi t6c do an mon thép (V) trong cic dung dich
phu thuoc vao ti 1& néng do cia 2 mudi va tang
dan theo day sau: Vi, 7< Vios < Vio10< Vs

Bang 2 cho thdy t6¢ do an mon thép tang
dan theo day:
VNU.'] < VNU.H < VN(:.]D < VN(L'Q < VN-:!.S <VNu4 <
VNu.3< VNu.(l < VNo.Z < VNO,] < VNu.() (")

Nghia 12, hi¢u qua bao v¢ thép (Z) tinh theo
cong thiic (1), giam din theo day sau:

ot > oios > oo™ Znios™ Los™ Znos™ Tnoa™
ZNI}E> ZNU.2> ZNU.l (*’)-

Bdng 2: T6c do an mon thép trong céc dung dich nghién cttu, & nhi¢t do phong (30°C - 1°C)

r Dung dich T(‘)'f: do an mon thép FV, mm/nam)
4 gid 50 giv 96 giy
| Noo 0.3922 00767 0,0130
No.1 0,2963 0,0604 0,0123
No.2 0,2904 0,0465 0,0115
No.3 0,2605 0,0396 0,0104
No.4 0,2543 0,0344 0,0102
No.5 0,2406 0,0325 0,0099
No.6 0,2697 0,0404 0,0115
No.7 0,2047 0,0204 0,007
No.8 0,2047 0,0222 0,0079
No.9 0,225 0,0307 0,0097
No.10 0,2237 0,0238 0,0092

Bdng 3: T6c do &n mon thép trong cdc dung dich nghién ctru & céc nhiét do khic nhau

Dung dich Tdc do an mon thép (V, mm/nam)

30°C 60°C 100°C 140°C
No.O 0,3922 0,5374 0,5267 (0,3894
No.1 0,2963 0,4802 0,4867 0,3754
No.2 (4,2904 0,3744 0,4859 0,3593
No.4 0,2543 0,2985 0,4502 0,3204
No.6 0,2697 0,3219 0,4502 0,3406
No.7 0,1767 0,2048 0,3818 0,2047
No.B 0,2047 0,2798 0,3960 0,2657
No9 0,225 0,2974 0,4212 0,2658
No.10 0,2237 0,2863 (,3848 0,2658
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Tir bang 3 cho thay, té¢ d¢ an mon thép phu
thudc vao nhiét dé dung dich: Trong dung dich
“No. 07, c6 mit khi oxi hoa tan, t6c do6 dn mon
thép dat gia tri cuc dai tai 60°C va cuc téu tai
140°C. Trong cac dung dich da khir khi oxi
(dung dich No 1 - No.10), t&¢ do an mon thép
dat gia tri cuc dai tai 100°C va cuc tiéu tai 30°C.

Néi mot cdch khic, hi¢u qua bao vé thép
ciia chat khit oxi giam din theo chiéu tang cla
nhiét do (dung dich No. 1). Hiéu qua bao vé
thép cua cdc mudi natri silicat (hodc/va) natri

phot phat dat gid tri cuc dai tai 60°C, cuc tiéu tai
140°C (dung dich No. 1,2,6) hodc cuc tiéu tai
100°C (dung dich 4, 7, 8, 9, 10).

Bang 3 ciing cho thdy, & moi nhiét d6 khéo
sat, t6c do an mon thép (V) ting dan theo diy
{(*).

Nghia 14, hiéu qua bao vé thép (Z) ciing
giam din theo day (¥*).

2. Phuyng phiap dién héa xic dinh téc dé an
mon thép va co ché ¢ ché in mon

Bang 4. Cac tham s6 dién héa cia qué trinh an mon thép, xdc dinh tir phép do dudng cong phan cuc
va ngoai suy Tafel trong cic dung dich nghién ctiu

Dung dich -E...V b,. mV -b,, mV Vo Mm/nam | .., x10%, Afem?
No.3 0,5389 167 225 0,1062 9,1
No.5 0,4050 5182 333 0,0822 7.0
No.6 0,3472 895 255 0,0817 7,0
No.7 0,3949 879 200 0.0375 32
No.9 0,6293 80 54 0,0751 6,4
No.10 0,4581 1030 214 0,0624 53

Bang 4 cho thay, khi thanh phan dung dich
thay déi s& kéo theo su thay déi cdc tham s6
dién hoa, din dén sy thay déi t6c do dn mon
thép. Trong dung dich chi ¢cé mat natri phot phat
{No. 3), thi do d&c Tafel catot (b.) Ién hon do
déc Tafel anét (b,) khoang 1,3 14n. Trong dung
dich chi cé mit natri silicat (No.5), do déc Tafel
andt {b,) 16n hon do ddc Tafel catot (b,) khoing
16 14n, chitng to natri silicat 14 chat ic ch€ manh
qud trinh anot cla sy an mon dién hda thép.

Trong cdc dung dich nuéc da khir khi oxi, ¢é
mit ddng th&i ca natri silicat va natri phot phat
(No.6, 7, 9 va 10), do doc Tafel andt (b,) luén
I6n hon d¢ doc Tafel catot khoang 2 - 4 lan,
ching to natri silicat dc ché an mon thép 16t hon
nhiéu so v&i natri phot phat.

Két qua néu trén phi hop véi nhimg nghién
cltu chia cdc tdc gia [6, 7, 9] vé tac dung \c ché
an mon thép bdi natri silicat va natri phot phat
trong dung dich nudc cé mat khi oxi hoa tan.

Phan ting anét trong dung dich mudi natri
silicat va natri phét phdt, 6 oxi hoac khong cé
oxi hoa tan: Fe = Fe™ + 2¢".

Phan ng cat6t trong dung dich mudi natri
silicat va natri phot phat ¢6 oxi hoa tan:

0, + 2H,0 + de = 401

Phan dng cat6t trong dung dich mudi natri
silicat va natri phot phat khong cé oxi hoa tan:

2H,0 +2e¢ =H, + 20H

Theo cdc tic gia [6, 7], néu dung dich c¢é
mat natri phot phdt, thi trong qud trinh 4n mon
dién hoa thép, da c6 sy tao thanh cac muéi sat-
phot phat khong tan, che phll viing catdt nhiéu
hon ving anét cia pin an mon trén bé mit thép.
Tuong tw, trong dung dich cé mat natri silicat,
dd tao thanh keo fero-silicat tich dién duong, né
dugc hip phu manh trén ving anét tich dién am
hon clia bé mit thép.
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Trong dung dich ¢é mat déng thoi ca natri
phot phat va natri silicat véi ti 1& thich hgp, thi
bé mat thép bi che phlt bdi cdc musi sit-phot
phat va fero-silicat day dac hon, 1am ting dién

¢ phan cue (R,) va dién tr¢ thuin (R), lam
giam dién dung coa 16p dién tich kép (C), kéo
theo su giam manh mat d¢ dong an mon thép va
toc do an mon thép (bang 4, 5 va 6).

Bdng 5: Cédc tham s6 dién hoa cua qud trinh 4n mon thép, xédc dinh tir phép do dién trd phan cuc
trong cic dung dich nghién ciu

Dung dich Ry, Qfcm? Vo, MM/nam B 1. x10° Afem’
No.3 2928 | 0.1040 8,9
No.5 3937 B 0,0773 6.6
No.6 4103 00759 | 63
No.7 10680 | 0,0285 2.4
No.9 4375 0,0696 T 59
T Noao | 6273 0,0485‘__ﬁ_—

Bdng 6: Cac tham s6 dién hda cia qud trinh an mon thép, xdc dinh tir phép do téng trd dien
héa trong cdc dung dich nghién citu

Dung dich | R.Q Cx10% F V.., Mm/ndm Loy X107, Ajom’
112 isp 0,1102 12,1

No.5 2387 52 0,1075 49

No.6  [4493 |52 0,1005 8.6 o

No.T—-—{6—45\0 [ 5.0 0,0575 49 _l

No,9 1043 59 0,0796 5.7

No.10 5067 3,6 0,0704 6.8 }

So sdnh t6c do an mon thép x4c dinh bang
cic phuong phdp khdc nhau: t6n that khéi luong
(bang 2 va 3), ngoai suy Tafel, dién tr& phan cuc
va tong trd dién héa (bang 4, 5 va 6) cho thay,
mac di cic phuong phip khdc nhau cho két qua
khong tring nhau vé gid tri tuyét déi, nhung da

bé sung cho nhau, phii hop véi nhau vé két qua

khim phd cudi cung, vi thanh phin dung dich
déng vai tro quyét dinh déi voi sy an mon dién
héa thép, dan dén tdc do an mon thép tang dan
theo day (*).

IV - KET LUAN
1. Trong dung dich nuéc da khir khi oxi,

natri silicat va natri phot phat déu thuoc loai
chét dc ché dn mon che chin: natri silicat ¢ ché
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manh qud trinh anot, con natri phot phat ¢ ché
qua trinh catot cha su an mon dién hoa thép.

2. Natri silicat tc ch€ an mon thép t6t hon
natri phot phat & moi nhiét do khéo sat.

3. Kha néing \ic ch€ an mon thép cuia natri
silicat va patri phot phat phu thudc vao nhiét do;
né dat gia tri cyc dai tai 60°C.

4. Tdc dung dc ché an mon thép clia hdn hop
natri silicat va natri phot phat phu thuéc vao (i 1¢
cua 2 mudi nay.

Dung dich chia 500 ppm natri silicat va
100 ppm natri phét phdt, c6 thé ding Idm chét
tic ch€ an mon thép trong moi trudng nudc yém
khi, én khoang nhiét d6 rong ti 30°C dén
140°C, tai vang khong gian vanh xuyén cia cdc
giéng khai thdc ddu khi.



TAI LIEU THAM KHAO

Shimizu Toshimiko, Ibe Hiroshi, US Patent,

Number: 4609573, Publication date:
September 2, 1986.

Mullins, US Patent, Number: 4961678,
Publication date: October 9, 1990.

Sinko, US Patent, Number: 6139610,
Publication date: October 31, 2000.

Zaid, US Patent, Number: 5595679,
Publication date: January 21, 1997.
Turcotte, et al, Number: 6228283,

Publication date: May 8, 2001.

M. Raghavan, Proceedings of the 12"™Asia
Pacific Corrosion Control Conference,
Octorber 8-12, 2001, Seoul-Korea, Vol. 2,

1.

10.

. -16. ASTM Standards:

857 (2001).

R. D. Armmstrong, L. Peggs, A. Walsh. J.
Applied Electrochem., 24, 1244 (1994).

Boffardi Bennttp., EP Patent,
(1510989, Publication date:
1992,

Vu Dinh Huy, Vo Ngoc Tiep, Proceedings
of the 16™ International Corrosion Congress,
Beijing- China, September 19 to 24, 2005. -
In CD-ROM. (In abstract: Paper Number
17-8, page 508) (2005).

Vii Dinh Huy, Dang Mau Chién, Lé Thi Ly.
Tap chi Hoéa hoc, T. 44, 56 5, 592 (2006).

GI1-90, G31-72,
G102-89, GI106-89.

Number:
October 28,

G111-92, G5-94,

273



