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Abstract

During the oil and gas wells exploitation and transportation, carbon dioxide corrosion is one of
main reasons for the corrosion of metallic materials. So the methods of preventing and reducing
carbon dioxide corrosion have become a widely focused problem. The foreign and domestic prac-
tices and experiences show that as an economic, effective and versatile metal corrosion control
method, corrosion inhibitor protection technology is suitable for application in oil and gas trans-
portation system. This paper, through the indoor experiment with benzyl chloride, using quino-
line as raw materials, synthesizes a kind of quinoline quaternary ammonium salt. The obtained
product benzyl chloride quinoline compounded with OP-10 and ethanol to get a novel inhibitor DN
for carbon dioxide corrosion, and to evaluate its performance.
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1. Introduction

In the oil field development, gathering and transportation process, carbon dioxide corrosion problem widely ex-
ist. In the proper pressure and humidity conditions, carbon dioxide will produce carbonic acid and it can corrode
the oil casing and cement severely. All kinds of metal pipes and equipment will suffer from fierce corrosion and
erosion; eventually it will shorten the working life of the pipelines and equipments and cause great economic
loss [1]. So the methods of preventing and reducing carbon dioxide corrosion have become a widely focused
problem.

The foreign and domestic practices and experiences show that as an economic, simple dosing equipment, easy
operation and versatile metal corrosion control method, corrosion inhibitor protection technology is suitable for
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application in oil and gas transportation system. Now the development of oil and gas well corrosion inhibitor for
carbon dioxide corrosion resistance has become more and more important and it can bring huge economic bene-
fits for the oil industry. This experiment will synthesis a novel inhibitor DN for carbon dioxide corrosion with
the method of fractional steps and evaluates the performance of the inhibitor.

2. Experimental
2.1. The Experimental Materials and Methods

2.1.1. Experimental Instruments
Electric treater(HK/ZX-100); four-necked reaction flask; electric heating-jacket (ZNHW-10,000 ml); electronic
balance; beakers (JA5003) and so on.

2.1.2. Experimental Materials
Quinoline, analytical grade; OP-10, analytical grade; Benzyl chloride, analytical grade; Ethanol, analytical grade;
Epoxy chloropropane, analytical grade; Acrylic acid, analytical grade.

2.1.3. The Synthesis Methods of Corrosion Inhibitor

1 mol of quinoline was added into a four-necked reaction flask equipped with a stirrer, reflux condenser and
thermometer, and then heated to 90°C. 1 mol benzyl chloride was dropped into the quinoline solution and the
mixture was heated to 140°C and kept at that temperature for 2 h. After the reaction, the solution was cooled
down to the room temperature within 30 min. The precipitate was collected and compounded with 127.5 g
OP-10 and 255 g ethanol after the solution was cooled down to room temperature naturally, and then the quino-
line quaternary ammonium salt corrosion inhibitor was obtained, the first reaction mechanism is as follows:

SpiscNeoNe

Epoxy chloropropane Quinoline Benzyl Quinoline

2.2. Results and Discussion

2.2.1. The Influencing Factors of Corrosion Inhibitor DN Performance

In this test, the performance of the corrosion inhibitor DN can be determined by the type and amount of initiator,
the reaction mole ratio of quinoline and epoxy chloropropane and the reaction temperature, reaction time and
other factors by the control. Thus, for the synthesis of carbon dioxide inhibitor must to study the impact of vari-
ous factors on corrosion inhibition properties through repeated experiments, And ultimately determine the op-
timal synthesis conditions to obtain desirable properties of the product.

2.2.2. The Effect of the Reaction Mole Ratio of Epoxy Chloropropane and Quinoline
Greater effect of the reaction mole ratio of epoxy chloropropane and quinoline on the performance of corrosion
inhibitor, in order to examine the effect of the reaction mole ratio on the performance of corrosion inhibitor, all
the reaction conditions are not changed, the corrosion inhibition performance of corrosion inhibitor DN as
shown in Table 1.

From the above Table 1, it can be seen that when the reaction mole ratio of epoxy chloropropane and quino-
line is 1:1, the corrosion rate is the lowest (0.1008 mm/a) and the inhibition efficiency is the highest (97.5%), so
determine the optimal ratio of 1:1.

2.2.3. The Effect of Reaction Time

Changes the reaction time have a great impact on the performance of corrosion inhibitor. In order to examine the
effect of the time on the performance of corrosion inhibitor, all the other reaction conditions are not changed
except reaction mole ratio of epoxy chloropropane and quinoline is 1:1, the performance of corrosion inhibitor

DN as shown in Table 2.
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From the above Table 2, it can be seen that when the reaction time is 3 hours, the corrosion rate is the lowest
(0.0953 mm/a) and the inhibition efficiency is the highest (97.6%), the inhibition effect is the best, so determine
the optimal reaction time is 3 hours.

2.2.4. The Effect of Reaction Temperature

Changes the reaction temperature have a great impact on the performance of corrosion inhibitor. In order to
examine the effect of the reaction time on the performance of corrosion inhibitor, under conditions of 1:1 mole
ratio of epoxy chloropropane and quinoline, the reaction time is 4 hours, changing the reaction temperature, the
performance of corrosion inhibitor DN as shown in Table 3.

As can be seen from the Table 3, the reaction temperature is significantly influence the reaction rate and the
degree of corrosion inhibitor, thus affecting the performance of the corrosion inhibitor. The synthesis tempera-
ture too low or too high are both not conducive to the reaction. When the reaction temperature is 130°C, the
corrosion rate is the lowest (0.1104 mm/a) and the inhibition efficiency is the highest (95.1%), the inhibition ef-
fect is the best, so determine the optimal reaction temperature is 130°C.

3. Evaluation of Corrosion Inhibitor Performance
3.1. The Evaluation of Thermal Stability

According to the experimental method of thermal stability evaluation methods of corrosion inhibitor of oil field
[2], put three copies of corrosion inhibitor DN in different temperature and curing for 24 hours, the concentra-
tion of corrosion inhibitor is 1%, then observe what happened of this solution, the thermal stability of corrosion
inhibitor DN as shown in Table 4.

As can be seen from the Table 4, under the different temperature 30°C, 60°C and 90°C, the corrosion inhibitor

Table 1. The effect of reaction mole ratio of epoxy chloropropane and quinoline on the performance of corrosion inhibitor
DN.

Reaction mole ratio 1:0.9 1:1.0 1:1.1
Corrosion rate mm/a 0.1148 0.1008 0.1371
Inhibition efficiency % 89.4 97.5 83.9

Table 2. The effect of time on the on the performance of corrosion inhibitor DN.

Reaction time h 3 4 5
Corrosion rate mm/a 0.0953 0.1203 0.1012
Inhibition efficiency % 97.6 89.2 88.6

Table 3. The effect of reaction temperature on the performance of corrosion inhibitor DN.

Reaction temperature °C 120 130 140
Corrosion rate mm/a 0.2107 0.1104 0.1649
Inhibition efficiency % 79.6 95.1 91.3

Table 4. The evaluation of thermal stability of corrosion inhibitor DN.

Temperature °C Phenomenon
30 Aqueous solution homogeneous, no stratification, no precipitation
60 Aqueous solution homogeneous, no stratification, no precipitation
90 Aqueous solution homogeneous, no stratification, no precipitation
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solution has no stratification, no precipitation and the solution aqueous homogeneous, all these phenomenon
show that the thermal stability of corrosion inhibitor DN is good.

3.2. The Evaluation of Water Solubility

According to the experimental method of water solubility evaluation methods of corrosion inhibitor of oil field,
put several copies of corrosion inhibitor of different concentrations in the thermostat, the concentrations of cor-
rosion inhibitor solution are 200 mg/L, 1000 mg/L, 2000 mg/L, 5000 mg/L and 10,000 mg/L, adjust the ther-
mostat to 30°C. After 30 minutes and 24 hours, observe what happened of this solution then note it [2]. The wa-
ter solubility of corrosion inhibitor DN as shown in Table 5.

As can be seen from the Table 5, under 30°C and after 30 minutes and 24 hours, these five copies of corro-
sion inhibitor solution have no stratification, no precipitation and the solution aqueous homogeneous, the colour
of the solution is dark red, all these phenomenon show that the corrosion inhibitor DN has good water solubility.

3.3. The Evaluation of Compatibleness

In development course of oil field, the single corrosion inhibitor can not be used.The corrosion inhibitor always
be used with all kinds of different treatment agent such as demulsifying agent, scale inhibitor [3], bactericide
and so on. If the corrosion inhibitor can take reaction with these treatment agents and give a precipitate or the
other products, it can influencing the performance of the corrosion inhibitor directly, thus may affecting the de-
velopment schedule of the oil field. Use the bactericide TQ-1 that usually used in oil field, scale inhibitor HEDP,
clay stabilizer FL and demulsifying agent PC as the compatibility experiment. Measuring the scale inhibition
rate by the methods that specified in the petroleum and natural gas industry standards SY/T5673. Measuring the
bactericidal rate by the methods that specified in the petroleum and natural gas industry standards SY/T5890-93
and using the methods that specified in the petroleum and natural gas industry standards SY/T5273-2000 to
measure the inhibition efficiency of corrosion inhibitor DN. The result of compatibleness as shown in Table 6.

As the Table 6 shown, adding the different kinds of treatment agent in the corrosion inhibitor DN, the inhibi-
tion efficiency is better than ever before and various functions of the other treatment agent do not be changed.
So the compatibleness of corrosion inhibitor DN with bactericide TQ-1, scale inhibitor HEDP, clay stabilizer FL
and demulsifying agent PC is good.

4. Summary

1) The corrosion inhibitor DN is a kind of novel corrosion inhibitor that uses benzyl chloride and quinoline as
the raw material, synthesis a kind of quinoline quaternary ammonium salt, then makes the product benzyl quino-
line compound with ethanol and OP-10.

Table 5. The evaluation of water solubility of corrosion inhibitor DN.

Concentration mg/L 200 1000 2000 5000 10,000
30°C 30 minutes Aqueous solution homogeneous, no stratification, no precipitation, dark red
30°C 30 hours Aqueous solution homogeneous, no stratification, no precipitation, dark red

Table 6. The evaluation of compatibleness of corrosion inhibitor DN.

Treatment agent DN DN + PC DC + TQ-1 DC + HEDP DC + FL
Added amount g/L 10 10+1 10+1 10+1 10+5
Inhibition efficiency % 96.8 95.4 93.3 95.1 94.8
Dehydration rate % 93.2
Bactericidal rate % 99.6
Scale inhibition rate % 97.1
Expansivity % 5.43
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2) According to the large amounts of evaluation experiments of corrosion inhibitor performance, as the results
shown, the thermal stability and water solubility of corrosion inhibitor DN are good and DN can compound with
various treatment agents, enhancing the inhibition efficiency, the compatibleness of corrosion inhibitor DN is
good.
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