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ABSTRACT: Due to the influence of salinity, CO, or H,S, the underground pipe column and surface gathering and
transportation pipeline suffer from severe corrosion in oil and gas exploitation industry, which leads to shutdown and even
serious environmental accidents and economic losses. Corrosion inhibitor is the most widely used anti-corrosion technique in the
above industries and the current evaluation methods for corrosion inhibitor include weight loss, Tafel polarization, linear
polarization, electrochemical impedance, electrochemical noise, coulomb discharging method, and quartz crystal microbalance.
Although the indoor evaluation methods are relatively mature, in the field applications, due to the complex fluid composition
and corrosion products, the inhibitor performance in field is greatly different from that in indoor test, and there is still lack of
reliable field evaluation method for corrosion inhibitor. Some widely used evaluation methods for corrosion inhibitors were
introduced firstly. In addition, combined with the development of field corrosion monitoring techniques, electrochemical
impedance probe, electrical resistance probe, magnetic resistance probe, hydrogen flux probe, FSM field fingerprint current
method and residual concentration analysis of corrosion inhibitors were introduced to monitor the field performance of corrosion
inhibitors and analyze the advantages and disadvantages of various online monitoring schemes for corrosion inhibitors. Finally,
the management scheme of online corrosion monitoring and intelligent injection of corrosion inhibitor in oil field was discussed,
which not only effectively reduced the corrosion of oil and gas pipelines, but also realized appropriate addition of corrosion
inhibitor by PID controller, thus reducing water treatment cost and improving the effectiveness and economy of corrosion
inhibitor. Despite online corrosion monitoring techniques have made great progress in oil and gas industries, due to the
complexity of oilfield corrosion, the precision and reliability still has a big gap from industrial requirements. Most corrosion
monitoring techniques are still very rough for local corrosion monitoring, and cannot predict the local corrosion rate and

occurrence location reliably, so corrosion engineers need to pay attention to further developing new corrosion monitoring
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solutions.
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Tab.1 Summary of indoor evaluation methods for corrosion inhibitors

Indoor evaluation
methods for
corrosion inhibitors

Principles

advantages

short-coming

According to the different corrosion
products, weighing method can be

The method is simple, reliable
and applicable without any field
instruments. It can be used for
uniform corrosion rate measur-
ement and local corrosion deg-
ree evaluation

Because of the long measur-
ement period, the corrosion rate
can not be reflected quickly,
and the controlled inhibitor do-
sing can not be realized. The
test cycle is limited by the pro-
duction conditions

Weighing method divided into mass increment method
and mass reduction method
By applying triangular wave scanning
to the working electrode, the pola-
Tafel polarization rization potential and polarization cu-

rrent value are recorded at the same
time, and a semi logarithmic curve is
drawn to obtain the polarization curve

curve method

It is very suitable for evaluating
corrosion inhibitors in water
system and its mechanism res-
earch. The corrosion current
density, Tafel slope and other
information can be obtained

The hydroxylation process has
great influence on the surface
state of the electrode, so it is
not suitable for continuous cor-
rosion monitoring

It is a transient steady-state measur-

Electrochemical ement technology, which can simul-
impedance taneously measure the kinetic para-
spectroscopy meters and mass transfer parameters

of electrochemical corrosion process

It has little effect on the metal
surface state. The impedance
data are fitted by equivalent
circuit to obtain the information
of electrode interface state and
process

It is difficult to fit the impe-
dance spectrum, and EIS mea-
surement needs to meet the
steady state conditions, which is
not suitable for the system with
rapid corrosion process change




a9 K 11l

TRAETA5 Ik G PR T 55 )6 ol s 0 AR i

Indoor evaluation
methods for
corrosion inhibitors

Principles

advantages

short-coming

It is a transient charge pulse rela-
xation method, which can be used

It is not affected by the die-
lectric resistance of the solution
and is suitable for rapid cor-
rosion evaluation in high res-
istance medium. The constant
charge discharge process is very
short, so it has little disturbance
to the test system and good re-
producibility

The test method may produce
large error and the automation
level of monitoring equipment
is low

Galvanostatic .
M in the study of fast electrode pro-
method . .. .
cess, adsorption kinetics and micro-
analysis
The potential or current of corro-
sion system fluctuates randomly in
Electrochemical a non-equilibrium way. .The corro-
noise sion type can be determined by an-

alyzing the spectral characteristics
of EN in time domain or frequency
domain

In situ undisturbed corrosion
monitoring technology has the
advantages of simple measure-
ment method and low require-
ment for instruments

The analysis of EN data is co-
mplex. The electrode often lea-
ds to low frequency drift of po-
tential and current due to tem-
perature drift

When the metal weight on the sur-
face of quartz wafer increases due
to oxidation, the frequency of cry-
stal oscillator will be reduced. Thr-
ough high-resolution frequency co-
unter, the quality change of crystal
surface of ng level can be detected

Quartz crystal
microbalance

It has high sensitivity and the
response time can be shortened
to seconds. It can monitor the
mass gain of metal corrosion
products in atmospheric enviro-
nment in situ

The surface is magnetron sput-
tered gold or platinum film, and
the metal to be tested needs to
be plated twice, which is quite
different from the real metal
material
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Fig.7 Schematic diagram of linear polarization curve and
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Fig.8 Field evaluation of inhibitor based on Electrochemical
hydrogen flux technique®®: a) application of electrochemical
hydrogen flux probe in filed corrosion monitoring in south-
west oil and gas field; b) comparison of hydrogen flux curve
based on electrochemical and hydrogen pressure techniques
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Fig.9 Residual concentration detection technique of corrosion inhibitor: a) UV-vis absorption spectra of imidazoline corrosion
inhibitor; b) correlation curve between characteristic peak strength at 250 nm and residual concentration
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Tab.2 Summary of field evaluation methods for corrosion inhibitors

Field evaluation
method

Principles

advantages

short-comings

Linear polarization
method

The linear polarization is located in the
linear section of Tafel polarization
curve, and the polarization potential is
approximately linear with the polari-
zation current

The polarization amplitude is
small, which almost does not
change the electrode surface
state, and does not lead to vi-
sible dissolution of metal. It is
suitable for continuous corros-
ion monitoring of water system

It can not provide local corro-
sion information, and the high
dielectric resistance formed
by the accumulation of corro-
sion products can cause great
measurement error

Electric resistance
probe

The corrosion allowance is calculated
by measuring the resistance change of a
piece of wire or sheet during corrosion

The technology is simple and
reliable, and can adapt to vario-
us corrosive environments with
gas phase, liquid phase and co-
nductive or non-conductive pr-
operties

Environmental temperature fl-
uctuation, thermoelectric po-
tential and thermoelectric po-
tential can significantly red-
uce the resolution of corrosion
thinning

Magnetic resistance
corrosion probe

The metal wall thickness is measured
by the change of AC magnetoresistance
between the transmitting coil and the
induction coil, and the corrosion allo-
wance is monitored

It has high sensitivity, mainly
reflecting the information of
overall corrosion, and is suita-
ble for multiphase flow corro-
sion system

The probe must be made of
ferromagnetic material. The
fabrication process of the pro-
be is complex, and the temp-
erature has great influence on
the measurement results

Hydrogen flux
probe

In order to monitor the corrosion rate of
metal inner wall and the risk of stress
corrosion cracking, the amount of red-
uced atomic hydrogen leakage from the
inner wall of pipeline to the outer wall
is detected

It is especially suitable for high
temperature and high pressure
pipeline which can not be dri-
lled

It is only suitable for acid
corrosion but not for oxygen
corrosion system, and the cor-
relation between hydrogen fl-
ux and corrosion rate has a
large deviation, which needs
to be corrected frequently

Field signature
method

By monitoring the change of potential
field between multi array potential
probes, the thickness reduction of dif-
ferent parts of pipe wall is calculated

Non-intrusive measurement has
no requirements for the fluid in
the pipe, and can obtain the ov-
erall and local corrosion infor-
mation of the inner wall, and
the accuracy can reach 1/1000
of the pipe wall

Data analysis is complex, eq-
uipment is expensive, tempe-
rature fluctuations and cond-
uctive corrosion products will
also affect its measurement
accuracy

Residual
concentration
monitoring

The residual concentration of corrosion
inhibitor in the medium is measured by
spectrophotometry, and the concentra-
tion of corrosion inhibitor in the pip-
eline is quickly sampled and analyzed
by using the fluorescence emission or
ultraviolet visible light absorption cha-
racteristics and Lambert Beer’s law

It has the advantages of high
flexibility, high precision, and
no need of large-scale instru-
ments. It can be used in por-
table design, which is suitable
for on-site sampling and rapid
analysis of residual corrosion
inhibitors

For the type of corrosion inhi-
bitor, there must be character-
istic emission or absorption
peak. In addition, the crude
oil must be demulsified and
filtered in advance for oily
wastewater
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Fig.10 Injection management system of corrosion inhibitor
based on online corrosion monitoring network



a9 K 11l

TRAETAE I Tk G2k

IEA 5 18

W B A <11 -

B RN G T AN A S AR B M R 55 e, P TS
i £ 7 A T T o -5 2 ok 79 sl R At 24 50) %) ke EE R
SO TR BRI, IR ST g S B B T

AR E-mail $&FEE LD, $EIR KSR IBUR
PR AP o 1207 8 1 SIS A RCH THE I ok 4 B
ST AR TR

4 HRERE

AR SCHRT A 41 1 3 < 22 i) 1 == 9 S & O E
%ﬁ%u&bmm%ﬁm,@%%%%\W%%%\
SEPRBHAT « HLAL I | A £ S AR P R
b AR L ﬁﬁ%# %HE [ fe AR M, %o
MM AL K | R BHARET | RERHIREL | 208 & A FSM
DR SCR L AT TR, IR T AR Tk
MRS G AL ZAL

%%m%&%@%ﬁﬁu&ﬁ@f%“%%%
EATIER 52 1 0 B ik 3R 0 10 52 = L O A 2 5
A SEEATS S P BESRA BOR 22 . R 2 B0 ok 4
AR JRy S I ok M D AT SR LIS LK Sy ST s
R AT A A AL AT AT SE T, 3k AR P A
figp AR B4 T L B ok M 4% 24 JRE D o 2 5 TC AU I B A
55 b R A I BAR RS T, 45 22 ARSI B AR Y
DURL, GRa VA Il A 2 B0 M folobR 2850 2 7R B 375
o BT, KU LR ol s 0 AR T G Al ) Y
H ST B, AT A 88 3 U 6 ol
AR, bl R R B HOIE, DT R AR K Ak B
A, 4R i G R i B RR e PR B

SE -

[1]  SPARK A, WANG K, COLE I, et al. Microbiologically
influenced corrosion: A review of the studies conducted
on buried pipelines[J]. Corrosion reviews, 2020, 38(3):
231-262.

[2] MOSKVICHEVA E V, SIDYAKIN P A, SHITOV D V.
Method of corrosion prevention in steel pressure pipelines
in sewerage systems[J]. Procedia engineering, 2016, 150:
2381-2386.

[3]1 KHADOM A A, HASSAN A F, ABOD B M. Evaluation
of environmentally friendly inhibitor for galvanic corr-
osion of steel-copper couple in petroleum waste water[J].
Process safety & environmental protection, 2015, 98: 93-
101.

[4] LIU H, DAI Y, CHENG Y F. Corrosion of underground
pipelines in clay soil with varied soil layer thicknesses
and aerations[J].
13(2): 3601-3614.

[S] RAJA P B, ISMAIL M, GHOREISHIAMIRI S, et al.
Reviews on corrosion inhibitors: A short view[J]. Chemi-
cal engineering communications, 2016, 203: 1145-1156.

[6] TAK K, KIM J. Corrosion effect on inspection and rep-

Arabian journal of chemistry, 2019,

[10]

[15]

[17]

lacement planning for a refinery plant[J]. Computers &
chemical engineering, 2018, 117: 97-104.

WAL, MW, FE, . AR5 A YL X
CrsMo & /i ﬁ%xﬁ%%ﬂﬁ - R S B
AR, 2011, 31(3): 219-224.

DONG Ze-hua. HE Jin-bei, GUO Xing-peng, et al. High
temperature interactive corrosion of naphthenic acid and
organic sulphide on CrsMo steel in synthetic refining
mixture[J]. J Chin Soc Corr Pro, 2011, 31(3): 219-224.
SHAMSA A, BARKER R, HUA Y, et al. Performance
evaluation of an imidazoline corrosion inhibitor in a
CO,-saturated environment with emphasis on localised
corrosion[J]. Corrosion science, 2020, 176: 108916.
KHADOM A A, ABOD B M, MAHOOD H B, et al.
Galvanic corrosion of steel-brass couple in petroleum wa-
ste water in presence of a green corrosion inhibitor: Ele-
ctrochemical, kinetics, and mathematical view[J]. Journal
of failure analysis and prevention, 2018, 18: 1300-1310.
KT, D, REK, 45 HIT CO TEAIRIMIFSE
PR INTE T2 O0BESET]. P A1 iR 224 (A SR
%éﬁﬁ),2020,42(2):103-109.

ZHANG De-ping, MA Feng, WU Yu-le, et al. Optimi-
zation of injection technique of corrosion inhibitor in
CO,-flooding oil recovery[J]. Journal of Southwest Petr-
oleum University (science & technology edition), 2020,
42(2): 103-109.

REVIE R W. Uhlig's corrosion handbook[M].
edition. [s. 1.]: Wiley, 2011

SRORHE, BOR, XU, 5. T fpga HEAHERERN
@%#m%ﬁﬁummn . AL N AL,
2008, 25: 579-582.

ZHANG Xian-jin, HE Cheng, LIU Shi-hai, et al. Study on
EIS analysis instruemnt based on FPGA and high-speed
Computers and applied chemistry,

Third

data acquisition[J].
2008, 25: 579-582.
KANNO K I, SUZUKI M, SATO Y. Tafel slope deter-
mination of corrosion reaction by the coulostatic method
[J]. Corrosion science, 1980, 20: 1059-1066.
JEIUEREE, KR A P R PR PPN SORH 22 kR r) B
). P EIE S BRI, 1995, 15(4): 291-296.
ZHOU Hai-hui, ZHAO Chang-jiu. A study on quick eva-
luation of vapour phase inhibitors by coulostatic method
[J]. J Chin Soc Corr Pro, 1995, 15(4): 291-296.
BB, EB, FE. H EEBRASE N AR S AT
JEERSMEATTED]. R E S B eR, 2005, 25(3):
129-134.
ZHAO Yong-tao, WANG Yu, GUO Xing-peng. An analy-
sis method of time frequency transform for coulostatically
induced transients I: Principle and testing method[J]. J
Chin Soc Corr Pro, 2005, 25(3): 129-134 .
OBOT I B, ONYEACHU 1 B, ZEINO A, et al. Elec-
trochemical noise (EN) technique: Review of recent pra-
ctical applications to corrosion electrochemistry research
[J]. Journal of adhesion science & technology, 2019, 33:
1-44.
ZHAO Z, SHAO Y, WANG T, et al. Corrosion resistance
of steel in ethanol containing ionic liquid salts[J]. Corro-



« 12 -

E TR NN

2020 4F 11 H

(20]

[22]

(23]

(24]

[25]

[31]

sion, 2009, 65: 674-680.

DONG Z H, GUO X P, ZHENG J S, et al. Calculation of
noise resistance by use of the discrete wavelets transform
[J]. Electrochem commun, 2001, 3(10): 561-565.

HEAR, FOGE, FRHE L, . 16Mn 5 R AR i iy g
R R, TP B S B PR, 2002, 22(5):
290-294.

DONG Ze-hua, GUO Xing-peng, ZHENG Jia-shen, et al.
Features of ECN of localized corrosion for 16Mn steel[J].
J Chin Soc Corr Pro, 2002, 22(5): 290-294.

DONG Z H, ZHU T, SHI W, et al. Inhibition of ethylen-
eamine on the pitting corrosion of rebar in a synthetic car-
bonated concrete pore solution[J]. Acta physico-chimica
sinica, 2011, 27: 905-912.

SCHWIND M, LANGHAMMER C, KASEMO B, et al.
Nanoplasmonic sensing and Qcm-D as ultrasensitive
complementary techniques for kinetic corrosion studies of
aluminum nanoparticles[J]. Applied surface science, 2011,
257: 5679-5687.

KONASH P L, BASTIAANS G J. Piezoelectric crystals
as detectors in liquid chromatography[J]. Anal chem,
1980, 52: 1929-1931.

WAN S, MA X Z, MIAO C H, et al. Inhibition of
2-Phenyl imidazoline on chloride-induced initial atmo-
spheric corrosion of copper by quartz crystal micro-
balance and electrochemical impedance[J]. Corros sci,
2020, 170: 108692.

JOPE D, SELL J, PICKERING H W, et al. Application of
a quartz crystal microbalance to the study of copper
corrosion in acid solution inhibited by triazole-iodide
protective films[J]. Journal of the electrochemical society,
1995, 142: 2170-2173.

MIECINSKAS P, LEINARTAS K, UKSIENE V, et al.
Qcm study of microbiological activity during long-term
exposure to atmosphere— Aluminium colonisation by
aspergillus niger[J]. J solid state electr, 2007, 11: 909-913.
WINKLER D A. Predicting the performance of organic
corrosion inhibitors[J]. Metals, 2017, 7: 553.

RIZZO P. Water and wastewater pipe nondestructive
evaluation and health monitoring: A review[J]. Advances
in civil engineering, 2010, 2: 167-179.

MANSOORI H, MIRZAEE R, ESMAEILZADEH F, et
al. Pitting corrosion failure analysis of a wet gas pipe-
line[J]. Engineering failure analysis, 2017, 82: 16-25.
FOORGINEZHAD S, DARGAH M M, FIROOZIRAD
K, et al. Recent advances in sensing and assessment of
corrosion in sewage pipelines[J]. Process safety and
environmental protection, 2020, 147: 192-213.

g, fLEA, e, RZE . WATREE - ikl
HURRAL BRFRI[T]. MOEMAS, 2011, 44(8): 63-66.
YANG Zun-yi, KONG De-jie, DONG Ze-hua. Develo-
pment of electrochemical impedance tester for coating
and reinforced concrete[J]. Material protection, 2011,
44(8): 63-66.

MARGARIT-MATTOS I C P. Eis and organic coatings
performance: Revisiting some key points[J]. Electrochi-
mica acta, 2020, 354: 136725.

[32]

[33]

[34]

[35]

[39]

BGE, EREL, MPALLL, S R ERE AR B
TE LI R[] A TS5 B, 2009, 25:
52-54.

HUANG Jin-xiu, WANG Xin-kai, HU Li-hong, et al.
Development of sheet inductance probe and its appli-
cation in ethylene plants[J]. Petrochemical corrosion and
protection, 2009, 25: 52-54.

KATAHIRA K, MATSUMOTO H, IWAHARA H, et al. A
solid electrolyte hydrogen sensor with an electrochemi-
cally-supplied hydrogen standard[J]. Sensors and actua-
tors B: Chemical, 2001, 73: 130-134.

AW, skEIT, i, A5 HHEAER A EN R
EE MR GE[]. HHRALS B AL, 1999(3): 187-
190.

YU Gang, ZHANG Xue-yuan, LI Yun-chao, et al. A com-
puter controlled electrochemical measurement system for
atomic hydrogen permeation[J]. Computers and applied
chemistry, 1999(3): 187-190.

K270, ANEAERAY) N I T SO S R R e
WEAS[I]. A HTER, 1998(3): 7-10.

ZHANG Xue-yuan. Externally attached sulfide stress cor-
rosion cracking/hydrogen embrittlement monitor[J]. Ana-
lytical instrumentation, 1998(3): 7-10.

XSk, RAES, FEEAR. W EUE e Tl
LRAELRIE TN b T 23, 2014(8): 3098-3106.

LIU Xiang-lu, ZHANG De-ping, DONG Ze-hua. Amper-
ometric hydrogen permeation flux method for online
corrosion monitoring of oil and gas pipelines[J]. CIESC
jorunal, 2014(8): 3098-3106.

EIHWE, FRPEK, BER, S E L FSM BRTER S
B S A R R ]. < b TR, 2019,
38(4): 91-97.

WANG Qing-ling, GUO Xi-shui, HUANG Xue-song, et
al. Application of homemade FSM equipment in the
transportation pipeline of high sul-fur gas field[J]. Oil-gas
field surface engineering, 2019, 38(4): 91-97.

BTRE, W5, TIEZE, 5. YIR8uk T iEoR
ZER[T]. AUARUFRAHR, 2016(8): 1781-1791.

LI Yu-ting, GAN Fang-ji, WAN Zheng-jun, et al. Review
of nondestructive monitoring technology based on field
signature method[J]. Chinese journal of scientific instru-
ment, 2016(8): 1781-1791.

Wk, ot oA b I AR 4 2R S0 0 ol )
BEHIRR[T]. KR, 2012, 32(1): 94-97.

YANG Fa-ping, WANG Gui-bo. A corrosion monitoring
and controlling system for ground gathering and trans-
portation lines in the Puguang gas field[J]. Natural gas
industry, 2012, 32(1): 94-97.

BADIKOVA A D, GALYAUTDINOVA A A, KASHA-
EVA S R, et al. Development of production technology of
imidazoline corrosion inhibitors[J]. Petroleum chemistry,
2016, 56(7): 651-656.

P ARAS. TR K b S el s 0 5 0 T R0 e
RG], S, 201509): 883-887.

GAO Chun-xi. Online monitoring system of sewage cor-
rosion based on smart injection of inhibitor in shengli
oilfield[J]. Corrosion and protection, 2015(9): 883-887.



