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A series ofcorrosiontests wergerformedin field and laboratory to investigate corrosion behaviors of
Supermartensitic Stainless Steel 13Cr (SMSS 13Cr) and Duplex Stainless Steel 22Cr (DSS 22Cr) in
H,S/CQG containing environment. Carbon steel of P110S etesenas comparison specimens in this
study. A new field corrosion testing apparatus was designed and manufactured in order to perform this
study. The corrosion species of the pipe flow include,G6S and saline formation water; the water

cut of the production flow was 16%. The flow temperature near the wellhead wagHgcorrosion
testwas 90 days. Analysis techniques, such as Weight lo$3ayXDiffraction (XRD), Scanning
Electron Microscope (SEM)Energy Dispersive Spectrum (EDS), douldep electrochemical
potentiokinetic reactivation (DEPR) and Scanning Kelvin Probe Force Microscopy (SKPFM)
methods were used in this study. The results showed that pitting attack happened on DSS 22CR an
P110S pecimens, however, SMSS13Cr steel was survival. In high déntaining environment, the
reactivation ratio of SMSS 13Cr was lower than DSS 22Cr and the intergranular corrosion and the
degree of sensitization (DOS) of DSS 22Cr was higher, and the riskalized corrosion in DSS

22Cr steel wasigher Corrosion mechanism models in3ACO-oil-water system for the three types

of steel were proposed.

Keywords: Corrosion;H,S/CQ-oil-water system; pitting attack; SMSS 13Cr; DSS 22Cr

1. INTRODUCTION

Exploration of the sour oilfields (containing.8 or HS/CQ,) is becoming more common in
recent decades years. Corrosion failure caused ydd HS/CQ, containing multiphase flow has
affected the normal operation of the olil field, some production wells have to be shut down in a severe
corrosion case. Kermani has reported that over 25% of failures in the oil and gas industry are relatec
with corrosion. Moe than half of these failures are associated with produced oil and gas containing
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H,S and CQ[ 1 [h 1999,more than1100 corrosionfailuresoccurred in the oil and gas production
system in Zhongyuan oilfield, among which 758 corrosion perforations reccur wellhead pipeline
[ 2 Most of the corrosion failures are starting with corrosion pits, and then developing into a
perforation andleakage It is significant to conduct an investigation on pitting corrosion in the
presence of k6 and CQ environmentof production pipeline or tubin§ -5 ] In the presence of
H.S/CQ, environment, iron sulfide is superior to precipitating on the steel surface compared with iron
carbonate. The iron sulfide has an important role of preventing ion diffusion and proteetialy
however, the protective film property is determined by the concentrationSf K8 .| Additionally,
pH value has a great influent on the stability of ion sulfide.
Aqueous CQcorrosion of carbon and low alloy steels is an electrochemical procesgitig
the anodic dissolution of iron and the cathodic evolution of hydrdgénThe electrochemical
reactions are often accompanied by the formation of products such as [HeT@he overall reaction
is:
Fe+CO,+H,0- FeCQO+H, (2)
lofa[ 1 presented that #$ on the surface of iron formed ions and dipoles, their cathode point
media. Thus, the reactions of iron innSimedia include, in order, chemical adsorption reaction
(Equation(2)) and anodic discharge reactifEquation(3)):
Fe+H,S+H,0- FeSH,+H,O" (2)
FeSH, - FeSH,+2e (3)
Shoemith [ 2] presented th&eSH, may directly form FeSHquation(4)) following the

discharge reaction (Equatidd)) in a small amount of acid solutions but hydrolyze in mostly acid
solutions
FeSH, - FeS+H" 4)
FeSH, +H.O" - Fe&* +H,S+H,0 (5)

The key factor of corrosion resistance alloys (CRA) for-eotrosion is the passive films on
the CRA surface, including the dissolution and-seffairing of the pssive films. Once the passive
films are locallydamagedy the corrosive mediaandc a n’ t e f f-repait, local edrrgsiomsille | f
occur. Satq 3] discovered the bipolar mechanism of the passive films. The outermost hydroxide layer
prevents anionspreading to the inner layer of passive films and the innermost oxide layer prevents
positive ions spreading to outer layer, thus the passive films protect the metal. The existenge of CO
and HS may destroy the stability of passive films on high alloglstand hamper the activation
passivation transition.

Supermartensitic stainless steel (SMSS) and duplex stainless steel (DSS) possess the
outstanding corrosion resistance in £&gavironmen{ 4], due to the presence thiethin passive layer.
Enrichmentof chromium is a remarkable feature of the passive layer. Generally, the thickness of
passive layer is only 1 to 3 nm, but it can decrease the corrosion rate signific&iF. However,
once the passivity film damaged in a localized zone, the bigdatarea (passive film) will accelerate
corrosion rate of the small anodic area (active point) and severely localized attack wil[ @cur
SMSS has the advantages of low production and maintenance costs, good mechanical properties ar
corrosion resistare[ 9, 2 N DSS are characterized by a tpioase structure comprising a mixture of
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ferrite (a) and austenite grains (vy). The re
between 30% and 70% but is usually about 50%. DSS also has the advantagesiof mechanical
strength and corrosion resistance than common austenitic stainless steels, but with lower cost that
nickel alloy. In general, chromium, molybdenum and nitrogen are beneficial alloying elements against
pitting corrosion 222].

Howeve, the study of corrosion behavior of stainless steels in the sour environm&nor(H
H,S/CQ) is relatively less and the corrosion mechanism is not fully understood. This paper presented
the corrosion performance of SMSS 13Cr, DSS 22Cr and P110S btelondests in Missan oil field.

These resultwill be significantto anticorrosion material selection in high$icontainingoil and gas
field.

2. EXPERI MENTAL

2. 1. Materi al s

The chemicalofcoS™WSoSs i1t3®rn,s DSS 22Cr antfhdé1l1C

optical mi crostructure of SMSS13Cr is wuniform
austenite phm)segpmedrhi fgerd@awadese r(s tohvamn iark sRjiegert e2
The microstructure of P110S is tempered sorbit

Table 1.Chemical compositions of SMSS13Cr, DSS 22Cr and P110S (wt.%).

Elements C Si Mn P S Cr Ni Cu Mo Fe

SMSS13Cr 0.029 020 0.38 0.02 0.001 12,78 512 006 223 balance
DSS22Cr 0.023 0.62 1.29 0.025 0.0005 22.91 565 0.15 3.21 Dbalance
P110S 025 021 051 0.0086 0.0024 1.06 0.025  _ 0.65 balance

Figure 1. Optical microstructure of SMSS13Cr steel
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Figure 2. Optical microstructure of DSS 22Cr stéelis ferrite phasey is austenitgphase).

2. 2. Production flow and water chemistry

Table 2 shows the parameters of amdasuHatrieon
containing in the production fl ow. The flow r
prevstowdly, [2he fl owhpapi @en i isn $Tithdaee pii P e enmd dbmydvi o In
usi NnBLUBHEOf t war e Hisg8stheoewns iimu | agteincerc arhe&sysltttehrat s w
prevsbudhye side wathbhespwetitmedsby the product.i
happen) .

Water.Volume Fraction
Contour 1

l 1.000e+000

9.000e-001
[ 8.000e-001
[ 7.000e-001

B TIITN F) 4~ F DT o°F &

I 4.000e-001
I 3.000e-001

2.000e-001
I 1.000e-001

0.000e+000

Fi gurSem@Bl ateisawatt eaof v ol uonfe tfreacicpthc phawmeh pes

| i @@ 15 2. 46mm,cthwal | t hidkvpdas e phfabddenimo idde s ity
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Table 2.Operational conditions of the production pipeline, well#1, Missan oil field

Parameters Values
CO; concentration, % 7.12
H,S concentration, % 4.44
CO; partial pressure, MPa 0.13
H.,S partial pressure, MPa 0.08
Flow quantity (liquid), m3/day 91.58
Flow quantity (oil), m3/day 80.61
Flow quantity (water), m3/day 10.97
Water content, % 16
Flow rate, m/s 1.8
Temperatures 50
The pH value of the formation water i's 7.
shown in Tabl e 3.

Table 3. water chemistry of production water (mg/L)

pH Na’ Ca” Mg~ K* CI SO~ HCO;

7.27 64870 14298 2137 1061 139552 951 417

2.Bi.eld corrosion testing method and speci men

i

Figure 4. Qilfield test apparatus {fleld test apparatus;-fanged joint; 3end shield; 4stainless steel
bolt; 5pedestal; &ody wall of field test apparatus atB 7-specimens; FTFE holder; 9
body wall of field test apparatus at@
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The test apparatus was specially designed for this study and connected directly to the
production pipeline working as a production joint. The diagram of the cross section and rtsaof par
test joint are shown in Figure 4 and Figure 5 respectively. The internal diameter of PTFE specimen
holder is equal to the pipelingigure 5(a)) Thus, it was considered that the flow pattern does not
change when production liquid passing throughtést joint. In order to avoid the influence of solid
deposit on corrosion behavior at the pipeline bottom, specimens were located at the both side walls o
the test sectio(Figure 5(b))

Figure 5. Field corrosion tegbint. (a) Testspecimens an®TFE coupon holder, (b) test joint after
fixed in production pipeline

The trapezoi dal cross sectional (sli2anphed menpe c i
3mm) were used fofFifdwed e« Px@a))ocarorhohseieo$ni ®tledst s
were polished with 320#, 600# and 800# sandpa
washed with distilled water, dr-d edi-dmaglt halhobal
Speci mens wer egrdaowpgsd,edonentios tfwoor wei ght | oss d
mor phol ogy acaorarl oyssiissn9 QTds" y s .

2. 4. Corrosion rate calcul ati on

Corrosion rates were deter m-2@@5 asfcédnmddime
corrosion product s wer e removed by mgs/iLng o ft

hexamet hyl enetetramine. These speci mens wer e
repeatedly until a stabl e massb hteiss values wer
The general corrosion rate and penetrsation
General corrosion rate (mm/&) 3 (6)
W = v
Penetration™® = 7)
Ty

me = VAP
where, the density of 7.85g/émwas used for the three types of steel.
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2.5. Borphaokogy analysis

Scanning electron mi croscopy (SEM, FEI Qu i
(EDS) -may &«i ffraction (D/ MAX2500) were wused
corrosion products were remavadd/,zedhe ysBrEfMa coaC
mor phol ogy was used to determine the profil e a

2. Bo.ublloeop el ectrochemical potentiokinetic reac

The -ELPLR ( doouobpl eel ectrochemeaati patieon) okestet
SMSS13Cr and DSS 22Cr. T'HeS Qwe ¢ th 9o foBS Gnod  alta st
temperatur e. The test,Scoeatdut abad ;SandT hven tthendtt
performed -ebeegrcedtit hsgstem with a saturated c
and a carbon rod as counter electrode and CS31

The -HPLR pol arization curves were obtained a
Subjected to ioprexn, cumtciuli taceohypatpsstanehedt el

potentiodynamic sweepi pgtror attlebddo fm\As 5i mpvd ssed . f r
current ;weakmeasurled. At +150 mV, t heo,d@at etnhtei
current peak dur i ngwacsa tnneoadsi ucr edi.r elTchtei otne s tasr els
current depsfiltOiles’ s rati o, |

27.Sc ankeil npg nfoer mecroscopy

Scanning Kelvin Probe Force Mimeasupepyt &K
potenti al of DSS 22Cr steel. The surface mor g
22Cr were obtained using a di membBeomrabemi w
measur aviee rt-cshhtat ed silicowcalktilpsat eSKPEM drse t es
speciPmemr to the SKPFM measur ement s, 22Cr spe
(10mL s+HBNDOnL HCI +:2BOH) CHlors e3conds. Al | measur em
under the Ibwpphhegmeade ecxacnittialteivoenr oafn t ivpod ttiesmgtei ¢
applied to the probe tip.

3. RESAND SDI SCUSSI ON

3.1. Corrosion rates

Figure 6 shows the average corrosion rate of P110S, SMSS13Cr and DSS 22Cr in field
production pipelineenvironment after 90 days test. Average corrosion rates of P110S, SMSS 13Cr and
DSS 22Cr are 0.18mm/a, 0.10mm/a and 0.01mm/a respectively. Average corrosion rate of carbon stee
is obviously higher than the other two stainless steels, and the corrogiaf &¥ISS 13Cr is about
ten times higher than DSS 22Cr.
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Figure 6. general corrosion rate of P110S, SMSS13Cr and DSS 22Cr @tesiperature 50, CO,
0.13MPa, HS 0.08MPa, flow rate 1.8m/s, water cut 1&%posured0 days)

3.2. Corrosion products

The corrosion product SEM micrograph of P110S steel is porous and there are many solids
attached to the speci mens’ surface (Figure?7a
dominated elements of the corrosion products, no chromium element peedrexp (Figure 7b).
Combined with XRD results (Figure 8), a sestable form of FeS mackinawite was determined.

5 cliedax32\genesis\genmaps.spc 26-Aug-2014 14:33:11 b
" LSecs: 33

Fe

T T T T T T T T
1.00 2.00 3.00 4.00 5.00 6.00 T.00 8.00 9.00 10.0
Energy - keV

Figure 7. SEM picture and EDS map of P118§%ecimes. (a) SEM photp 500 times (b) EDS map
(temperature 50, CO, 0.13MPa, HS 0.08MPa, flow rate 1.8m/s, water cut 1&%posure0
days)
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Figure 8. X-ray diffraction of corrosion produtemperature 50, CO, 0.13MPa, HS 0.08MPa, flow
rate 1.8m/s, water cut 16%xposure0 days)

Compared to the P110S, SMSS 13ferformed well under the same conditions. Almost no
corrosion scales formed on the sampl es’ sur f a
the SEM photos. A high content (about 15%wt) of chromium appeared in the EDS map (Figure 9b).

|| ciedax32\genesis'genmaps.spe 30-Jun-2014 11:17:01
LSecs: 42 (b)
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Energy - keV

Figure 9. SEM picture and EDS map 8MSS13Cr specimex(a) SEM picture 200 times (b) EDS
map (temperature 59, CO, 0.13MPa, HS 0.08MPa, flow rate 1.8m/s, water cut 16%,
exposured0 days)

However, the corrosion performance of DSS 22@el wasquite unexpected. Although the
general corrosion rate is the lowest, some corrosion pits appeared on the sample surface (Figure 10a
EDS analysis shows that chromium and iron are the main elements in the products, and sulfur, nickel,
molybdenum silicon, calcium, chlorine and are also detected (Figure 10b). In a purglgo@@sion
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environment, the corrosion resistance is usually correlated the chromium content, a higher chromium
content implies a better resist ability to corrosion (both géreenaosion and localized corrosion).
Thus, 22% wt of Cr content steel (DSS 22Cr) should perform better than 13%wt Cr content steel
(SMSS 13Cr). Nevertheless, the presence of high concentrationnSfchiinged thigraditional
understandingpotally [25].

ciledax3?\genesis\genmaps.spc 14-Jul-2014 11:00:57 b
Secs: 64
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1.00 2.00 3.00 4.00 5.00 6.00 T1.00 8.00 9.00 10)
Energy - keV

Figure 10. SEM picture and EDS map of DSS 22Cr specwiiah SEM picture 500 times (b) EDS
map (temperature 5, CO, 0.13MPa, HS 0.08MPa, flow rate 1.8m/s, water cut 16%,
exposure O days)

3.3. Surface morphologiedter removing the scales

Localized attack

HP2-13Cr

General corrosion

L. o

Pitting attack

Figure 11 photographs of P110S, SS13Cr and 22Cr specimens after removing corrosion scale
(temperature 59, CO, 0.13MPa, HS 0.08MPa, flow rate 1.8m/s, water cut 16%posured0
days)
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After a corrosion product was removed, SEM pictures of P110S, SMSS13Cr and DSS 22Cr are
shownin Figure 11. It can be observed by naked eyes that several localized corrosion zones appeare
in the P110S specimen surface (red dash line circles). All of SBMM3Specimens were survival from
localized corrosion, only general corrosion was observed. Most of the DSS 22Cr specimens occurred
pitting corrosion As shown in the picture, several pits were observatdispecimen by naked eyes
(red line circles).

The SEM pictures (Figure 12) of the three |
in Figure 11, pitting corrosion was observed both in P110S and DSS 22Cr specimens (Figure 12 a anc
c), but the SMSS13Cr steel was survival (Figure 12b).

Figure 12 SEM pictures after removing the scale (a) P11@E®0 times (b) SS13Cr 200 times (c)
DSS 22Cr 500 times (temperature 59, CO, 0.13MPa, HS 0.08MPa, flow rate 1.8m/s,
water cut 16%exposureéd0 days)
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(b)

(@)

Figure 13 SEM pictures of cross sections (a) P1103%000 times (b) DSS 22Cr 500 times.
(Temperature 59, CO, 0.13MPa, HS 0.08MPa, flow rate 1.8m/s, water cut 1&xposure0

days,penetratiorrate of P110S 0.52 mm/a, penetration rate of DSS 22Cr 0.76mm/a)

0.3 4

0.3 4

(a) (b)
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Figure 14. DL-EPR curves of SMSS 13Cr and DSS 22Cr urdiiéerent conditiors (a) SMSS 13Cr,
no H;S; (b) SMSS 13Cr, with $$; (c) DSS 22Cr, no #$; (d) DSS22Cr, with HS. (Test
solution2 mol L H,SO, with 0.05 mol ! KSCN, room temperatureweeping rate 0.5 mV/s,
from Ecorrto +150 m\scg)
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As the SEM crossectional pictures shown in Figure 13, the pit depth of P110S specimen is

128. 8uym, get a penetration rate of O0.52mm/ a ac
187. 0pum, get a penetrat i on ypica shape characteristic 6frpittinnga .
corrosion, which is wusually cal |l e dhepesetratitkarats h a p ¢

of DSS 22Cr is even higher than the carbon steel.

3.4. DL-EPR test results

Figure 14 shows the DEPR test rests. In the condition of no #$, reactivation ratio of MSS
13Cr is higher than DSS 22Cr, however, aftgf lBaturated, the current density of SMSS 13Cr and
DSS 22Cr are both dramatically increased, but the reactivation ratio of SMSS 13Cr is lower than DSS
22Cr. In HS-saturated solution, intergranular corrosion and DOS (degree of sensitization) of 22Cr is
higher than SMSS 13Cr, localized corrosion resistance of DSS 22Cr is dramatically decreased (Figure
15). This result can support the field test result$ the DSS 22Cr is more easily to be attacked by
pitting corrosion compared to the SMSS 13Cr in higB Hresence environment.

160
b | ] smMss13cy 04

140 F N Dss 22cr 133 .

120F
g r
o 100}
<
14 ¥
c 8Ff
St 66.1
g [
g °F 51.5
© [
) [
o 4f

20fF

of
Without H,S solution Saturated HS solution

Figure 15. Reactivation ratimf SMSS13Cr and DSS 22Cr undgfferent conditiors (Test solutior2
mol L™* H,S0, with 0.05 mol ' KSCN, room temperatureweeping rate 0.5 mV/s, fromdz
to +150 m\icp)

3.5. SKPFM measurementssults

The SKPFM mapping of morphology and Volta potential was performed on the polished and
corroded specimen surface of DSS 22Cr to evaluate the relative corrosion tendency. The concurren
AFM morphology and Volta potential images of 22Cr are shown in Figur&@1i& higher (brighter,
green dash line circled) surface of the area is austenite phase, as the right marker in Figure 16a an
Figure 16D, its height is about 20.71nm and Volta potential is about 10.19mV. The darker surface of
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the area was ferrite phase=(ipw dash line circled), as the left marked point inuFgg16h its height is
about-19.27nm and Volta potential is abo@2.87mV. The height and Volta potential of austenite
point are all higher than ferrite point. The potential difference betweeepratgsphase and ferrite
phase is 33.06mV.

Section Analysis
50
w0t N
F right pQint
30
+
g 2
£
£ 10
g ;
I 3
0
-10 w
20 w
: left point
230 L | I | I | I | I | IR Lo ua s | IR Lo ua s
0 5 10 15 20 25 30 35 40 45
Distance (mm)
Section Analysis
30
right point
20
‘ +
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< |
> J
E Ll
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-20 “
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0.0 2: Potential 40.0 um 0
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—37.0 n¥ Distance (mm)

Figure 16. Topography and surface potential (SKPFM) images of 22Cr specimen, (a) section analysis
of morphology; (b) section analysis of surface potefiBaforethe SKPFM measurementbge
specimens were corroded in the soluti@@mL HNG;+30mL HCI+20mL CHCH,OH" for 3-

5 seconds

3.6.Corrosion mechanism models in$CQ-oil-water system

INCOJ/H,S environment , carbon steel (e. g. P110
lack of chromium and nickel elements, the main corrosion products of carbon steel are iron carbonate
and multiple forms of iron sulfidg 6 ,1 L8assive layer caiorm onthe stainless steel surface, such
as SMSS13Cr and DSS 22Cr steels. The chromium enrichment passive layer can prevent the
aggressive ions transferring and protect metal from corroding by the corrosive[netiig. With the
increase of chromium content adloy, the corrosion resistance getting enhanced, this is the main
reason for the average corrosion rate of DSS 22Cr is lower than SMSS13Cr.

However, the corrosion resistance of ferrite phase in DSS 22Cr is inferior to austenite phase,
hence the ferritphase is easy to dissolve because of the galvanic égllMRe intergranular corrosion
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occurred generally in areas surrounding the austenite pha$eadaitionally, the solid particles from

the reservoir could damage the passive layer, and thendghiors accumulatenside the weak point

to start pitting corrosion. Large cathode area (passivate area) will accelerate corrosion of small anodic
area (active point). Metal ions which dissolve at the anode, suciaPéand Nf* react with water

to form H'. Then, the pH value of mediaside thep i t I's decreased and th
accelerated. In order to keep the electric neutrality of media, lots” @hd¥e into the pit and bind

metal ions. High concentration of chloride ions in forioatwvater increase the activity coefficient of

H* and prevent the reactivation of anodic area in pit. The autocatalytic effect of localized corrosion
makes the pitting rate is considerably larger than the uniform corrosign &&t&he microstructure of

SMSS 13Cr is single martensitic phase, and no selective dissolution of metal substrate occurred.
Passive layer of SMSS 13Cr seems more stable tharRRPSiSn Missan field condition.

According to theAl-Y a asrsiudy [23], the conthuous phase is oil, the dispersed phase is
aqueous and the stable waitetoil emulsion is formed. The adsorbed crude oil on the metal surface
may diminish the contact between aqueous phase and metal. The inhibitive organic components whict
adsorbed ontdhe metal surface serve as a physical barrier to suppress the anodic reaction and cathodic
reaction in corrosion process and diminish the corrosion of metal caused by aqueous phase. Howevel
the physical barrier effect is not stable becauséhefflush ofthe multiphasdlow. The dispersed
aqueous phase may contact with metal intermittently to cause corrosion.

Based on the test results in this study, the author suggests that the corrosion behaviors of SMS
13Cr and DSS 22Cr are significantly impacted by crude oil. The schematic of corrosion film of the
three type of metal in $$/CG- oil-water multiphase flow ishown in Figure 17. The inhibitive
organic components in crude oil adsorbs onto the metal surface non uniformly. The dispersed aqueou:
phase may touch the metal under the influence of high velocity flow,. &S and Cldissolved in the
water droplets tavork as corrosion species. In addition, FeS, as the main corrosion products, formed
very fast on to the steel surfac&®]2The corrosive ions may locally penetrate the corrosion scales and
cause pitting corrosion of metal.

<k \

Figure 17. The schematic of corrosion film of the three type of metal ¥$/6Q- oil-water
multiphase flow, (a)P110S, (b)SMSS 13Cr and (c) DSS 22€ude oil 2-water 3-
corrosion scales 4-pitting 5-matrix of P110S 6-passive films 7-local breakdown of
passive films on SMSS8-Matrix of SMSS SS13Cr 9-local breakdown of passive films on
DSS 10-Matrix of DSS 22Cr
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The microstructure of SMSS 13Cr is single phase margeriassive flmgsanform on SMSS
13Cr in theCO,/H,S-oil-water environment When thehigh speeddispersedlow passthrough the
pipeline, thepassive filmsmay belocally destrged However, the protective effect for substrate of
passive film on SMSS 13@s inferior to DSS 22Cr, thus, the local breakdown of its passive films may
easily transform into general corrosion (Figure 17b). Meanwhile, due to the pure phase microstructure,
the passive film of SMSS 13Cr is more easily to berggéired.

Due to thedifferert electrochemicapotentialof ferrite phase and austenite phase in DSS 22Cr,
micro corrosion galvanic cell maprm andinducethe localized corrosion. Austenite phase of DSS
22Cr has a more positive potentadting asthe anodeo diminish thepassive filmself-repairing In
the presence of #$ environment the intergranular corrosion susceptibility is significantly increased.
Big cathode area (passivate films) will accelerate corrosion of small anodic area (active point) and
pitting progress.H addition, the acidification of mediaside thepits and the enrichment of CIS
and HS may also diminish the setepairing of passive films, accelerate dissolving metal and
exacerbate pitting corrosion further (Figurel7c).

4, CONCLUSI ONS

The corrosion behaviors of SMSS 13Cr and DSS 22Cr,8/E0-oil-water multiphaseflow
were investigated through the long term field test and a series of laboratory analysis. The flowing
conclusions were obtained:

(1) The average corrowasnthat eowér DSBaR2E8MS
pi tti nogc cautrtrdebhde penet r amhm/@am dr athe wags GhD6Gs a t )
opening with a big belly”. This typ®epeh pobot et g

2) Aldf SS13Cr specumeerBomomm!| gorrosion. The
of SMSS13Cr is 0.10 mm/ a.

(3) I n thsS oondition, r{& St 1BLr i ovimasr ahtiigdh eo f
howevies e swdhst ¢ haafntgg8raldd ad d rtetaet i ioma r at i obedameSS
hi ghesSsatmr dt ed solution, i ntergranul ar corro

was higher tD&88 3MMSS aldhCigbeadtvrtizadk of
4 The potential differ emmdcd ebetiweermp hawsset @ rsi

have a significant effect on intergranul ar <co
repairing.

®5) According to the |l aboratory analysi s, m
HS/ GO iMatmeul ti phase fl ow were proposed. SMSS13
compared to DSS 22Cr, mor eover, it has ias | o
recommended in this oil field.
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