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TOM TAT: Nudc bién phdi duge xit Iy cdn thdn bdng nhiéu héa phdm trudc khi dugc bom ép
qua duong éng thép vao cdc tdng sdn phdm dé duy tri dp sudt via dau. Anh hudng riéng biét
va déng thoi ciia 5 héa phdm (chdt khit oxy, chdt lam déng tu, chdt diét khudn, chdt loc phu
trg va chdt chéng tao bot) dén dong hoc dn mon thép cacbon trong nudc bién dong va tinh,
théng khi va kin khi khéng chiia oxy, dd dugc nghién citu bing phuong phdp tén that khoi
lugng. Viéc loai bé hoan toan oxy da iic ché hitu hiéu qud trinh dn mon thép. Tuy nhién hiéu
qud ttc ché an mon ciia chdt khit oxy gidm khi ¢6 mdt cdc héa phdm khdc, ddc biét la sulfat sdt
(1).

Dua vao cdc két qud nhan digc da dé xudt co ché tdc dong ciia cdc héa phdm lén qud
trinh dn mon thép cacbon trong nudc bién bom ép via.

1. GIGI THIEU

Xi nghiép Lién doanh Vietsovpetro dang dp dung bién phdp bom ép nudc bién di qua
X% Iy h6a hoc vao tit cd cdc ting san phdm clia ba md Bach H3, Rong va Pai Hing, dé duy
trl 4p sudt via nhim gép phén gia ting sdn lugng khai thdc dau.

Theo cdc tiéu chuin API, ASTM, NACE thi nudc bién bom ép vao via ddu phai c6 chat
lugng rat cao, ddp tng cdc yéu cau nghiém ngit sau:
- Ham lugng tap chi't cd hoc trong nude khong duge nhiéu hon 0,01 mg/l.
- Néng d6 khi oxy hoda tan trong nudc khoéng dudge cao hon 0,015 mg/I
- Hoat tinh Zn mon thép cacbon cia nudc khong duge vugt qud 0,1 mm/nam.

- Vi khudn khtt sunfat khéng dudc tdn tai trong nudc.

Mudn dat dudgc céc chi tiéu k§ thudt néu trén, ngudi ta bom vao hé théng xtt
Iy nu6c bién cdc chat chdng sti bot, chat 1am déng tu (sdt I1I sunfat), chdt 1am phu trg
(polyelectrolyte), chdt khit oxy, chit diét khudn va chdt chéng #n mon thép.

K&t qua nghién citu trudc day ciia ching toi [1] da cho thdy ring cdc phédn Gng &n mdn
dién héa thép rat nhay cdm vdi sy c6 mat clia oxy va clia cdc héa pham ding dé xit 1y nuéc
bién bom ép vao via dau. Ti€p theo [1], trong nghién citu nay chiing tdi xdc dinh dnh hudng
riéng biét va ddng thdi clia cdc héa phdm dén téc dd 4n mon thép cacbon, nhim tim ra bién
phép chdng in mdn dudng &ng thép din nudc bién vao cdc tang sén phim dé duy tri 4p suat
via diu.
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2. PHUONG PHAP NGHIEN CUU:
2.1. Péi tiong nghién ciiu:
Mau thi nghiém cit tir dudng 6ng thép cacbon N80. Thanh phin dinh danh
' cia thép N80 ghi trong Bang 1. &

Bang 1: Thanh phan dinh danh ciia thép N80 (% khéi luong)
Cr

Al
2.50

C
2,40

Mn
1535
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0,80

P S
0,05

Mo
0,35

Cu
1,46

Sn
0,10

Nguyén t&

Ham lugng % 0,09 0,60

Béng 2: Thanh phdn héa hoc ciia nide bién. (P6 mudi 3,38%, dé dan dién 4,1mS/em, nong

d¢ oxy hoa tan 6,8mg/l, lugng vi khudn khit sunfat 10 don vi/ml, @6 pH 7,6 & 25°C )
lon. | CI SO | HCOy | COs* | Ca* | Mg™ | Na*vak*
Nong do (mg/1) | 19143,00 - 2594,10.| 85,40 | 30,01 | 367,40 | 1226,67 | 11374,65

Béng 3: Danh muc va néng dp thi nghigm ciia cdc héa pham

Thit oy Héa phim Tén thuong mai .- Néng do thinghiém
theo thé tich (ppm)
1 | Chat khit oxy TC 1000 g
2 | Chft1am déng ti S&t I sunfat T
3 | Chit diét khudn SURFLO B6798 500
4. | Chdtloc phy trg TECHNI BREAK 2
(polyelectrolyte) 6524
5 | Chdt chéng sti bot SURFLO AF 3376 ik

Nudc bién 18y & do sdu 10m, cdch b3 bién cia Thanh'phd Viing Tau khodng 130 km.

Thanh phan héa hoc va tinh chat héa-1y clia nudc bién duge dua ra trong Béng 2.

Danh myc cdc héa pham thi nghiém dugc ghi trong Bang 3.

Thi nghiém dugc ti€n hinh trong nu’oc blen va trong céc dung dxch hon hUp A, Bl
¢6 thanh phan nhu trong Bing 4.

Bdng 4 Thanh phan dnng dich thi nghrem

Tht | Dung mdi va héa Néng do Cédc dung dich thi nghiém
L phm PPM) | Nuscbidn | A B s
0 Nudc bién . + + 4
i Chat chf‘;ng sui bot 1 T+ + +
SURFLO AF3376
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2 Chat loc phu trg 2 ¥ : 43
TECHNI BREAK6524

3 Chi diét chudn 500 | + | +
SURFLO B 6798

4 | Chitlam déng tu 2.5 : i &
SAT III SUNFAT

V(mm /nim) =

Béng 4 cho thdy dung dich C chita ddy dii cdc héa phdm, dung dich A khong chifa chat
1am dong tw SAT III SUNFAT con dung dich B khéng chifa chat diét khudin SURFLO
B6798. Nhu vay dung dich C khdc dung dich A & chd c¢6 thém chat 1am dong tu SAT III
SUNFAT, va khédc dung dich B & chd c6 thém chat diét khudn SURFLO B6798.

2.2. Phuong pkap nghién criu.

Céc dung dich thi nghiém theo phu’dng phép ton thit khoi lugng du’dc khudy bing mdy

khudy tir BIBBY HB 502, t6¢ dd khudy 100-150 vong/phuit.
~ Bé miit cdc dung dich thong khi dugc ti€p xic tf do vdi khong khi trong sust thdi gian
thi nghiém.

Ngudc lai, cdc dung dich cin loai bé khl oxy thi dung trong cdc binh thi nghiém kin.
Trudc khi rét dung dich vao binh, dudi oxy ra khdi khong gian ciia binh bing cdch thdi khi
nitd qua binh trong 1 gid. Sau khi rét dung dich vao binh va bit kin, khi oxy hoa tan dudc loai
hét khoi dung dich biing cdch bom vao dung dich chit khit oxy TC 1000 vdi lwgng 100 ppm
tai lic bt dau thi nghi€ém va ngin ngira OXY tit khong khi lot vao binh biing cdch ]1en tuc
théi khi nito qua dung dich trong sudt thdi gian thi nghlem

Kiém tra ndng 43 oxy hoa tan trong dung dich trudc va sau thi nghiém bing m4y do
oxy CELLOX 352.

Trong mdi thi nghiém sit dung hai miu thép, kich thuéc miu 50mm x 20mm x 3mm. Ty
1& t8i thi€u cda thé tich dung dich trén dién tich mau 1a 20ml/cm

Nhiét d§ dung dich thi ngh1em 30 + 1°C. Thdl gian ngam mau thép trong cédc dung dich
12 4, 8, 16 va 24 gid.

X Iy miu thép trude va sau thi nghiém, danh gid tdn that khéi ludng miu va tinh toc
dd in mon thép theo tiéu chuin ASTM G1-90, ASTM G 31-72 [2,3].

K x Tén that khdi lugng (g)
Khéi Iudng riéng clia thép (g/ cm’) x Dién tich miu (cm?) x Thdi gian (gidy)

2

J diy hiing s6 K = 8,76 x 10* = 87600

Hiéu qué tc ch& hodc Iam tdng sy in mon thép (Z) clia mdt héa phadm dude ddnh gid
béng cdch do tdc dd an mon trung binh clia thép trong dung dich khong cé (V,) va c6 (V)
héa phdm d6 trong cling thdi gian thi nghiém. Hiéu qua tic ché hoic tang an mon dudc tinh
theo cdng thiic sau:

206 = Yo=Y

@)
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3.KET QUA VA THAO LUAN

3.1. Anh huédng ciia chét khit oxy:

Cha't khit oxy TC 1000 12 dung dich mu6i améni bisunfit (NHsHSOs). O ti 16 ndng do
chdt khi oxy cao hon ndng dd oxy hoa tan trong nudc khodng 10 lan thi cdc ion bisunfit
(HSO3") ¢6 thé chuyén héa hét cdc phin ti oxy hoa tan (O,) thanh ion HSO,* trong thdi gian
chirng 10 phit:

2% 2 o7 DT RECNE ) NURNMBRECELIN ) - 1 f HSO4% (4)

So sdnh toc dd dn mon thép N80 § mdi trudng théng khi va loai khi oxy trong céc
dung dich dong nhu nudc bién (Bang 5), dung dich A (Bdng 6) va dung dich B (Bing 7), ta
thay su loai khi oxy déu lam gidm tSc d6 in mon thép nhung mic d6 gidm khdc nhau phu
thudc vao su ¢6 mit ciia cdc héa phim trong dung dich va thdi gian thit nghiém (Béng 8).
N6i khdc di, nhv thiy tif Bang 8, chit khit oxy TC 1000 cé tdc dung c ch€ dn mon thép
khong giong nhau trong cdc dung dich khdc nhau. Cu thé 13, trong nudc bién, hiéu qud ic
ch& an mon thép ciia chit khit oxy TC 1000 12 63-67%, hiu nhu khong thay d6i theo thdi
gian thif nghiém. Trong dung dich A, hiéu qui tc ch& d&n mon clia chat khit oxy x4p xi nhu
trong nudc bién nhung gidm chiam theo thdi gian, tif 69% sau 4 gids thit nghiém dén 60% sau
24 gid thlt nghiém. :

Su ¢6 mit ciia chdt Jam dong tu SAT HI SUNFAT (2,5ppm) ciing v6i chat diét khudn
SURFLO B 6798 (500ppm) trong dung dich C di 1am gidm ddng k€ hiéu qua tc ch& in mon
thép ciia chit khif oxy trong thdi gian ddu thit nghiém. T4c dung x&u ctia chdt lam dong tu
SAT III SUNFAT va chat diét khuin SURFLO B 6798 d&i v6i hiéu qué tic ch€ dn mon thép
clia chdt khit oxy gidm di theo thdi gian thit nghiém. Bing 8 cho thdy khi ting thdi gian thi
nghiém tit 4 gid 1én 24 gid, hiéu qud e ché€ in mon thép cia chat khit oxy ting tir 28% 1én
61% va trong dung dich B va tir 15% 1&n 52% trong dung dich C.

3.2. Anh huéng ciia chdt lam dong t SAT IIT SUNFAT

So sdnh s& liéu trong cdc bdng 5 va 6 cho thdy, tdc dd dn mon thép trong dung dich A
cao hdn trong nude bién khodng 1,3 d&€n 2,0 1in & di€u kién thdng khi ciing nhut loai khi oxy.
N6i mot cach khédc, hdn hgp cdc chdt chdng sii bot SURFLO AF 3376 (1ppm), chét loc phu
trg TECHNI BREAK 6524 (2 ppm) va chat diét chuin SURFLO B 6798 (500 ppm) c6 trong
dung dich A d3 1am ting manh t6c d§ &n mdn thép, ddc biét khi thir nghiém dai dén 24 gid,
trong mdi trudng ¢6 oxy cling nhu trong mdi trudng khong cé oxy.

Biang 5: Téc dp dn mon thép N8O trong niide bién théng khi va logi exy. Nhiét do
30°C, téc dg khudy 100-150 vong /phiit.

Thdi gian ngdm Toc d6 in mon thép (mrﬁ/ném)
~ mau (gid) Théng khi Loai khi oxy
4 1,010 0.351
0,699 0,242
16 0,581 0,192
24 0,457 067 - -®
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Béng 6: Anh liwéng cita chdt lam dong tu SAT III SUNFAT dén téc dp an mon thép trong
dung dich théng khi va logi khi oxy. Nhi¢t d¢ 30°C, téc @6 khudy 100-150 vong

/phiit.
(Dung dich C = Dung dich A + 2,5 ppm SAT Il SUNFAT)
Thdi gian Téc d6 #n mon thép (mm/ndm)
Ppaa Thong khi Loai khi oxy
(g10)
Dung dich A Dung dich C Dung dich A Dung dich C

4 1,415 1,156 0,440 0,985

8 1,117 0,952 0,421 0,638

16 0,941 0,884 0,347 0,416

24 0,825 0,778 0,327 0,370

1.6 4 3R N G SRR TN
B 14+ : —— NB thong khi
2 12
B .11 = X~ NB loai Oxy
S 08
E Ny —&—Dd A thong khi
.04 1 —#— D C thong khi
‘g 0:2 -
0 r T . . - - - K- pDda loai oxy
0 4 8 12 16 20 24

¥ = O= DdCloai oxy
Thui gian (gid) W . Y|

Hinh 1: Téc dg dn mon thép N80 & méi truing théng khi (— ) va loai khi oxy (- -) trong
nuide bién(NB) va cdc dung dich A va C

Tir Bdng 6 va Hinh 1 nh4n thdy chdt lam déng tu SAT Il SUNFAT ¢6 tic dung trai
ngude nhau di v4i sy 4n mon thép trong moi trudng ¢6 oxy (thdng khi) va khong ¢é oxy.

Trong dung dich c6 oxy, SAT Il SUNFAT & nong do 2,5ppm di lam gidm tdc do n
mdn thép tir 1,2 1an (sau 4 gid tht nghiém) dén 1,1 1an (sau 24 gid thit nghiém). Ngudc lai,
trong dung dich khong cé oxy, SAT III SUNFAT cling & ndng do 2,5 ppm lai 1am ting t6c do
dn mon thép tir 2,2 14n (sau 4 gid thit nghiém) dé&n 1,1 1in (sau 24 gid thit nghiém). Cdc s6
lidu nay ching 6 tic dong hai chiu ciia SAT IIl SUNFAT d6i véi toc do an mon thép déu
gidm dan theo thdi gian thit nghiém.

Cd ché tdc dung cia SAT III SUNFAT c6 thé gidi thich nhu sau:

Trong dung dich C gan nhu trung tinh, tinh chdt oxy héa cda ion sit III (Fe®") la
khong ding ké so véi oxy. Vi vdy, trong dung dich théng khi ¢6 mit oxy, mudi SAT I
SUNFAT chi bi thiiy phén tao thanh cdc hat keo sdt UT hydroxyt tich dién duong, dugc hip
phu chii y€u trén cdc ving andt c6 dién thé thap hon ving catdt clia bé mit thép, 1am khé
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khiin cho cdc phdn ing in mon dién-héa thép (ma oxy 1a chit khit phin cyc catdt); nghia 1a
- < - .
mudéi SAT III SUNFAT lam gidm toc dd an mon thép trong dung dich théng khi ¢c6 mit oxy.

Ngugc lai, trong dung dich C khdng c6 ‘oxy, cdc ion Fe** clia mudi SAT III SUNFAT
da thé hién tinh oxy héa manh hon hin so vdi cdc phan ti nude Wwdng cuc; nghia 1a cdc ion
Fe’* dd déng vai trd chdt khit phin cuc cat6t manh trong phdn @ng &n mon dién héa thép &
mdi trudng khong oxy lam ting nhanh t6c d§ dn mon thép.

Theo thdi gian thit nghiém, ndng do c4c ion Fe** gidm dan nén hiéu qud tdc dung cla
mudi SAT I SUNFAT lam ting tdc do an mon thép, trong dung dich cé oxy, hodc lam
gidm toc do an mon thép, trong dung dich khéng ¢6 oxy, d6i vdi su 4n mon thép ciing y&u
dan (Bédng 6).

3.3. Anh hu’é’ng ctia chdt diét khudn.

Nhitng gid tri toc dd dn mon thép trong dung dich B va dung dich C (dung dich C =
dung dich B + 500 ppm chdt di¢t khudn SURFLO B 6798) ghi nhan trong Bing 7 va Hinh 2
cho thdy chit diét khuAin SULFO B 6798 & ndng d6 500 ppm di 1am ting tdc d§ dn mon
thép trong dung dich c6 oxy tit 1,1 1dn (sau 4 gi§ thi nghiém) dén 1,6 lin (sau 24 gi¢ thi
nghiém) va lam ting t6c d6 &n mon thép trong dung dich khong c6 oxy tir 1,3 lan (sau 4 gid
thit nghiém) d&n 2,0 14n (sau 24 gid thi nghiém). Nhu vy, chit diét khudn SURFLO B 6798
lam ting tdc dd dn mdn thép trong dung dich khéng c¢é oxy manh hon trong dung dich c6
oxy; 4nh hudng gia tc an mon thép clia chit diét chuin SURFLO B 6798 ting 1én theo thdi
gian thd nghi€m. 7

Trong thanh phén cda chat diét khudin SURFLO B6798 ¢6 chita andehit, hypoclont
hodc clorin 1 nhiing chét c6 tinh chit oxyhéa manh hon cd phan t oxy hoa tan trong nudc,
dic biét manh hon hén so véi phan t& nudc trong dung dich khdng chia oxy. Vi vy, chat
diét khuin da tham gia vao phan ng #n mon dién héa thép nhu mot chit khit phan cyc
catod manh, va tdc dung gia t6c An mdn thép cla nd trong moi trudng khdng chita oxy manh
hon trong moi trudng ¢6 oxy. San phdm an mon tao thanh c6 thé 1a chat hoa tan, khong tao
mang che chin cho bé mit thép, nén tac dung gia toc 4n mon thep cia chat dlet khuin ting
1én theo thdi gian th nghiém.

Bang 7: Anh hudng ciia chét diét chudn SURFLO B6798 dén toc df dn mon thép trong
dung dich théng khi va logi khi oxy. Nhiét dj 30°C, t6c A khudy 100-150
vong/phiit. (C = B + 500 ppm SURFLO B 6798)

Thdi gian T6c dd 4n mon thép (mm/ndm)
BENNIaN Thong khi Loai khi oxy
(gi®)
Dung dich B Dung dich C Dung dich B Dung dich C
4 1,040 1,156 0,751 0,985
8 0,776 0,952 0,467 0,638
e " 0,632 0,884 VUL i 0,416
24 0,481 0,778 0,188 0,370
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12 qi- : oy
' ' —®— NB théng khi

—®— Dung dich B

—#*— Dung dich C

Téc dd in mon (mml_nﬁnjx)
e
(=)}

0.4
02 - : _. HOW el .:.'.I'.l_-__-_a_._._.__..__._._,!_ ---®--- NB loai oxy
‘0 . B sihis B Iy T P S| KRS =1 ¥
= =& = Dd B loai oxy
0 4 8 12 16 20 24

Thdi gian (gid) : = .~ = Dd Cloai oxy

Hinh 2: Téc do dn mon thep N8O & moi tru’dng thong khi (— ) va logi khi oxy (- -) trong
nudc bten‘(NB) va cdc _d;mg q';_ch Bva C

Sy ¢6 mit dong thdi cdc héa phdm xd 1y nudc bién trong dung dich C nhu: chat chdng
sii bot SURFLO AF 3376 (1 ppm), chat loc phu trg TECHNI BREAK 6524 (2 ppm), chat
diét khuain SURFLO B 6798 (500 ppm) va chdt 1am dong tu SAT I SUNFAT (2,5 ppm) da
lam tdng t6c d6 4n mon thep so vdi trong nudc bién 1&n khoang 1,1 - 1,7 14n & méi trudng
thdng khi c6 oxy, va ting1én2,2-2.8 1an g mdi trudng khong cé oxy (Bédng 5, 7).

- S0 liéu trong cdc Bang 6 va 7 cho thdy chat khit oxy c6 tdc dung bdo vé thép trong
cdc dung dich khdo sdt, dic trung bdi hiéu qud tc ch€ &n mon, x4dc dinh theo phudng trinh (2)
va dudc trinh bay trong Bédng 8. '

Béng 8: Higu qué tic ché dn mon thép N80 ciia chét khit oxy TC 1000 trong cdc dung dich
khdc nhau. Nhi¢t dé 30°C, t6c dé khudy 100-150 vong /phiit.

Thoi gian Hi€u qud dc ch€ &n mon (%)
nge:n?ar;}ﬁu Nudc bién Dung dichA | Dung dich B Dung dich C
_ a1
Y- o 65,25 : 68,90 - -  DFTO - 14,79
8 65,38 B2 s 30,89 32,98
16 2:066,95 . 63,12 62,50 52,94
24 63,46 60,36 60,91 52,44
4. KET LUAN

1. Chat lam déng tu SAT 1l SUNFAT lam gidm t6c d§ dn mon thép trong dung dich c6
oxy, nhung lai lam tang td¢ dd &n mon thép trong dung dich khong chia oxy.

2. Chatdigt khuin SURFLO B 6798 lam ting tc do in mon thép trong ci hai dung dich
¢ oxy va khong cé oxy.

3. S c6 mit dong thdi cia cdc héa phdm: chat chdng sii bot SURFLO AF3376 (1 ppm),
chét loc phu tr¢ TECHNIBREAK 6524 (2 ppm), chdt lam dong tu SAT Il SUNFAT (25
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ppm) va chat diét khudn SURFLO B6798 (500 ppm) trong nudc bién bom ép via (dung dich
C) dd lam ting tdc d6 dn-mon thép 1én 1,1 - 1,7 lin & mbi trudng c6 oxy va ting lén 2,2 - 2,8
1in & mdi trudng khong c6 oxy, trong khodng thdi gian thi nghiém 4, 8, 16 va 24 gid.

4. Téc dung lam gidm t&c do &n mon thép cia chat khit oxy TC 1000 trong nudc bién Ia
63-67 %, trong dung dich C chi con 1a 15-53 % sau 4, 8, 16 va 24 gid thi nghiém.

5. Nhitng k&t qua néu trén cho thdy ¢in cho thém vao dung dich xi 1j nudc bién chat tc
ché& in mon thép, d€ 1am gidm tc d§ dn mon thép dé€n mifc d§ cho phép 1a <0,1 mm/ndm.

EFFECT OF ADDITIVES ON STEEL CORROSION BEHAVIOR IN THE
SEAWATER INJECTION SYSTEM

Vu Dinh Huy, Nguyen Thi Phuong Thoa, Pham Quoc Trung

ABSTRACT:' Various chemical reagents have treated seawater before the latter being injected
into petroleum bearing formations through steel pipelines. Separate and mutual influence of 5
reagents (oxygen scavenger, coagulator, biocide, filter aid and antifoam) on steel corrosion
behavior in seawater has been studied by weightloss methods. Oxygen scavenger showed good
steel corrosion inhibition. However, its inhibition efficiency was badly affected by other
additives, particularly in the presence of ferric sulphate as coagulator.

Based on the obtained results some aspects in steel corrosion kinetics have been
proposed for the seawater injection system.
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