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Abstract: T he inhibition efficiency of modified imidazoline based inhibitor on the surface of corroded
X65 steel in produced water was studied by using autoclave. The surface and cross-section morphology
and microstructure of the CO2 corrosion scales with and without inhibitor were investigated by means
of SEM. Mechanical properties of the scales were measured by nane-indentation and shear testing.
The results indicate that the inhibitor inhibits the corrosion of X65 steel effectively with an inhibition
efficiency above 90% under 75°C. T he mechanical properties of the scales, including Young’ s modu
lus, microhardness, shear strength between the scales and substrate, were not improved by adding in-
hibitor. Inhibitor inhibits the corrosion reactions of X65 steel by the geometric blocking effect of inh-
ibitive substance adsorbed on the metal surface.
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, , L. 19¢/mL) + Sb203(20g) + SnCl2( 50g)
, , Cam-
, X65 bridge S360
CO2 , MTS
) X65 Nano Indenter
, 10mN CMT4305
1 0. 5mm/ min
APEX65 , 2
( ) CQo04 %, Si 02%, Mn 1 5%, P
0 011%, S 0. 003% , Mo Q 02%, Fe 2.1 X65
(D, A PI
5L , , CO2 1M Pa
, 1 Im/ s, 72, 240h
, 72h 168h
X65 , 2 ,
1 /(mg* LY 240h 72h ,
Table 1 Concentration of formation water drawn , , ( 240h
out from oil fields/(mg* L™") /72h ) ,
K+ /Nat Mg  Ca2 cr SOF  HCO3  Total , ,
7032 12. 41 693.6 11451.25 454.58 402.90 20047 , R
72,240h 72h 168h
X65
1 APEXGS (4% ) 75C 90 %

Fig. 1 Microstructure of APEX65 steel (etched with nital 4%)
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Table 2 Mass loss of the specimen under different conditions

Mass loss/(mg*® cm~2)

Temperature

Inhibition

. 72h, 72h, uninhibited 240h, .
/C efficiency /%
uninhibited + 168h, inhibited uninhibited
25 50. 63 56.75 218.91 96. 36
50 126 95 132 34 386 31 97. 92
75 163 73 170 18 256 34 93. 04
100 74 79 78 13 88 27 75. 22

* Inhibition efficiency from the mass loss after adding inhibitor
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2 (a)25C,0mg/L; (b) 50C,0mg/L; (¢) 75C, Omg/L;
(d) 100°C, Omg/L; (e) 25C,50mg/L; (f) 50°C, 50mg/L; (g) 75°C, 50mg/L; (h) 100°C, 50mg/ L
Fig. 2 Surface morphologies of the corrosion scales at different temperatures (a)25C,Omg/L; (b) 50C,Omg/L;
(¢) 75C,0mg/L; (d) 100°C,0mg/L; (e) 25°C,50mg/L; (f) 50°C,50mg/L; (g) 75°C,50mg/L; (h) 100°C, 50mg/ L
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3 (a)25C,0mg/L; (b) 50C, Omg/ L;
(¢) 75C,0mg/L; (d) 100°C, 0mg/L; (¢) 257, 50mg/L; (f) 50°C,50mg/L; (g) 75°C,50mg/L; (h) 100°C, 50mg/ L
Fig. 3 Cross section morphologies of scales at different temperatures (a)25C, Omg/L; (b) 50°C,0mg/L;(c) 75C,Omg/L;
(d) 100°C, O0mg/L; (e) 25C,50mg/L; (f) 50°C, 50mg/L; (g) 75°C, 50mg/L; (h) 100°C, 50mg/ L
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Fig.4 Effects of inhibitor on the thickness of the
X65 , scales at different tem peratures
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Fig. 5 Effects of inhibitor onthe Young s modulus (a) and microhardness (b) of the scales
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Fig.2 SEM micrographs of B sample’ s fracture surface

(a)distribution of particles; (b) TiC particle with intragranular grains
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