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of injecting multiple thermal fluids, and to explore the influence and mechanism of flow rate changes on the corrosion behavior
of N8O steel, this article used a self-made high-temperature and high-pressure multiphase flow erosion corrosion loop device to
simulate the environment of injecting multiple thermal fluids with different flow rates (0, 0.5, 1.0, 2.0 m/s). The corrosion
simulation experiment was conducted in a corrosion testing section, and the average corrosion rate of N8O steel at different flow
rates was measured by the weightlessness method. At the same time, in-situ electrochemical testing was conducted under the
same conditions in the electrochemical testing section. Scanning electron microscope (SEM) and diffraction of X-rays (XRD)
were used to analyze the phase composition and surface morphology of corrosion products of N8O steel after corrosion at
different flow rates. The results indicated that the average corrosion rate of N80 steel in the multi element hot fluid environment
increased with the increase of flow rate. The flow rate affected the diffusion and mass transfer of O,, the distribution of near
surface ions, and the magnitude of wall shear force, leading to changes in the characteristics of the corrosion product film and
inducing varying degrees of corrosion of the substrate. At 0 m/s, the corrosion product was composed of FeCO; and a small
amount of Fe,0s3, which was a single-layer film structure, and the bond between it and the steel substrate was relatively tight,
and the corrosion was uniform. Within the range of 0.5-2.0 m/s, the types of corrosion products increased, which mainly
composed of FeCO;, Fe,0;, and small amounts of FeO (OH). The film layer showed a double-layer structure. The outer layer
was an iron oxide film, which was reddish brown in color and had weak binding force with the inner layer film, making it easy
to be detached. The inner layer was similar to the product film at 0 m/s. The macroscopic morphology showed that there were
bubbles in the gaps between the inner and outer film layers, and the number of bubbles increased with the increase of the flow
rate. After removing surface corrosion products, it was found that local corrosion occurred below the bubbles. In addition, the
in-situ electrochemical results showed that as the flow rate increased, the anode slope increased, while the cathode slope
decreased. The outer corrosion product film resistance Ry, charge transfer resistance R, and diffusion resistance W showed a
decreasing trend. Therefore, the above experimental results indicate that the increase in flow velocity accelerates the diffusion
and mass transfer process of O,, causing the corrosion electrochemical control step to change from cathodic oxygen diffusion
process to anodic dissolution process. Additionally, the protective FeCOs film thickness on the sample surface decreases, leading
to a decrease in the protective properties of the product film. Furthermore, Fe?" is more easily oxidized to form Fe*", and local
FeCO; is oxidized to Fe,0;, thus damaging the integrity of the inner film and causing localized corrosion.
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Fig.1 Schematic diagram of loop device and sample size: a) loop device; b) test pipe section



Fs53E F1oW

BRI, 45 TEZITRGAREREE T iE ot N8O I il i 5w iF 5T <127 -

UHTE SRR R iR T o B ARV TR R AR R T
LR 1.6 em®, Ag/AgClHLIAE A LR (RE) |,
MR Xtk (CE) , WIIRER 60 C. B Xt
J& 1k 168 h 5 i FE T B L7 (OCP ) HEATI &, £
FFE AL ER E 30 min J5 4K UK IR AT H Ak 2 BH BT i
(BIS ) gl e A i £k il £ il it o i 2 BELATC 350
AR EIN 107~10° Hz; sl A7 B Ak i 2603
7 98 Bl 9 —600~800 mV (vs. OCP) , Hiim %k
2 mV/s,

2 ZERRGTH
21 EMEBRSH

mE 2 Fros. Bl 2a HFRUETT N8O X% 1 2 W3,
AL 0 my/s 250 FiREER IR IR R BUR RS, A
TRV GG =P, i A R AR T R R i Y
BHaw G, HERASRIM S L, B, HER
BB, AR I Z NG, S sCREn.
T 3 5 B S T LA R B, a2 TR e e g i g 22
JRIEEERY, NIZBES 0 m/s S8 F B A,
IR IR A A, 1E 0.5~2.0 m/s ST, 8
D= SRR S5 A s, W ivs, HLREE Rk
(B, T ok = P 8 9% S fn 7 i, 2 B T ok
PG, REERTIESIIE 2b s, WEKEA,
EEAEERNE, 0 m/s &0 FiRERE K428
Pl T A A R S X 1 A A IR T B
LB R [ A B A S S ok

P2 ARG T NSO S ™ 4y 5 25 R i 25 WU B0 Lo
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Fig.4 SEM micro morphologies of corrosion product film on N80 steel at different flow rates
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Fig.5 Cross-sectional morphologies of corrosion product film on N80 steel at different flow rates
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