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ABSTRACT 

Hard, rough and compact scale, adherent to the metal surface, with a thickness of 5-7 mm, composed mainly of 

calcium carbonate (CaCO3) and silica (SiO2), occurred within the production pipe, discontinues oil, for two years, 

and reduced the run-off area by about 22 %. To return to the initial operating conditions an acid removal operation 

was carried out with a mixture of hydrochloric acid (HCl) and hydrofluoric acid (HF). For internal protection of the 

carbon steel pipe a corrosion inhibitor was added. In the evaluation of the laboratory tests a chemical process of acid 

dissolution of the incrustation and gravimetric testing were used to determine the anti-corrosion protection of a 

commercial corrosion inhibitor based on propargyl alcohol (2-propyn-1-ol). Two acidic solutions were tested for the 

dissolution of scale. Solution A: 10% (by mass) of HCl and 1% (by mass) of HF; Solution B: 15% (by mass) of HCl 

and 3% (by mass) of HF. The temperatures for the tests were fixed at 25, 40 and 50 °C. The results of the laboratory 

tests showed that the acidic solutions tested reacted fully with the scale and increasing the temperature favoured 

reducing the test time. The propargyl alcohol-based inhibitor represented excellent efficiency, exceeding 96 % mass 

loss. 
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1.    INTRODUCTION 

Corrosion and scale deposition are the two costliest problems in the oil industries. Generally, oil and gas are 

produced from limestone (CaCO3) and dolomite (MgCO3.CaCO3) formations, either in their relatively pure form or 

in the form of carbonate or siliceous sands (SiO2) cemented together with dolomite or calcareous material. The risk 

of scale and/or deposits occurring on the inside of oil pipes and production equipment (pumps, valves, etc.) is 

generally due to the physico-chemical characteristics of formation water, petroleum properties, geology of the rocks 

and the variations in temperature, pressure and hydrodynamic conditions from one’s own well. Since the 1930 are 

reported cases  of acidification to carbonate scale removal using acid mixtures of hydrochloric acid (HCl) and 

hydrofluoric acid (HF) and using embryonic formulations of corrosion inhibitors to prevent strong acid attack on 

carbon steel pipes [1]. 

Figures 1 show the occurrence of scale in oil tubing, during two years of discontinuous operation due to operational 

problems occurring during intermittent pumping. Figure 2 shows scale detail. Scale has averaged 5-7 mm, is hard, 

compact, rugged and very adherent to metallic surface resulting in a restriction to flow in about 22 %. The average 

chemical analysis of various samples of scale revealed to be constituted of 83.5% CaCO3, 11.2% Fe2O3 and 5.3% 

SiO2. 

 

               
                             Figure 1. Scale in oil tubing                                             Figure 2. Scale detail  

 

The programmer for chemical removal of incrustation in the pipe consisted, primarily, of injection of toluene and 

surfactant (nonylphenolethoxylate) aiming at the cleaning of adherent to the oil in scale. Then was injected 
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continuously of acidic mixture consists of 10 % (by mass) of hydrochloric acid (HCl) and 1% (by mass) of 

hydrofluoric acid (HF) at a temperature around 40-50° C. 

On these facts, the objectives of this study are centred in assessing the efficiency of acid removal and the addition of 

corrosion inhibitor on corrosion protection of carbon steel tube. 

 

2.    MATERIALS AND METHODS 

2.1 Dissolution of samples of scale 

The average chemical analysis of various samples of scale revealed to be constituted of 83.5% CaCO3, 11.2% Fe2O3 

and 5.3% SiO2. Nine samples with about 2 g were taken from scale aiming at the use of three samples in each test. 

The essay is essentially placing the inlay sample and 150 mL of the mixture of HCl and HF in a PTFE 

(Polytetrafluoroethene) beaker with 250 mL capacity and fitted with magnetic stirring. The temperatures of the tests 

were fixed in 25 °C, 40°C and 50 °C, while the test time was set at 1 hour. The acid solutions used in the tests were: 

Solution A: 10% (by mass) of HCl and 1% (by mass) of HF; Solution B: 15% (by mass) of HCl and 3% (by mass) 

of HF. Mixtures of HCl and HF solutions were prepared using the 15% or 10 % HCl solution and an quantitative 

excess of HCl to react with ammonium fluoride (NH4F) producing the HF solution as shown in the following 

reaction: NH4F + HCl → NH4Cl + HF. 

2.2 Gravimetric test (mass loss) 

This evaluation employee a plate of carbon steel with the following composition was used: 0.12 % carbon, 0.24 % 

Mn, 0.035 % Si, 0.011 % S and 0.009 P%. From this steel plate coupons were made with the following dimensions: 

45 mm x 15 mm x 10 mm. The metal surface was prepared with grade 100 sandpaper until grade 250. They were 

washed with water and alcohol and dried with hot air, then weighed to the nearest 0.0001 g.  

As the corrosive medium, mixtures of HCl and HF solutions denominated: Solution A: 10% (by mass) of HCl and 

1% (by mass) of HF; Solution B: 15% (by mass) of HCl and 3% (by mass) of HF and deaerated with a continuous 

flow of nitrogen was used.  

In acidic solutions, additions of corrosion inhibitors were selected using commercial formulation. The active 

component of these inhibitors is 30 % (in volume) of propargyl alcohol (2-propyn-1-ol) represented by condensed 

formula: HCCCH2OH. Concentrations were fixed at 0.5, 1.0 and 1.5 mL/L. For the thermostatic bath, 

temperatures were set at 25 °C, 40 °C and 50 °C with an accuracy of 0.1 °C. The times of exposure to the corrosive 

medium are set at 1 h and 3 h. Finally, the agitation coupon was fixed in a mechanical stirrer operating at 100 rpm. 

The test consisted of placing exactly 300 mL of mixtures of HCl and HF solutions deaerated in a 500 mL PTFE 

bottle equipped with a PTFE condenser and mechanical agitator, as shown in Figure 3. The function of the 

condenser is to avoid losing mixtures of HCl and HF solutions and allow the evolution of hydrogen (H2) resulting 

from acid attack. Then the coupons were introduced into the solution with a speed of 100 rpm, and at the precise 

moment of contact of the metal surface with the acidic solution the time controller was actuated.  

Upon completion of the test the system shuts down and the coupons are quickly removed from the corrosive 

medium, then washed with water, alcohol and dried with hot air. The coupons are then weighed again to the nearest 

0.0001 g. 

 
Figure 3. Corrosion test schema 
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The corrosion rate (CR) and the efficiency of each corrosion inhibitor (E %) were defined by the following 

expressions: 

Corrosion rate = CR = (Wo  Wf)/ S.t   (mg/cm2.h) 

Efficiency = E % = 100 (Wo  Wi)/ Wo   

where: 

Wo and Wi are the weight loss in the absence and presence of inhibitor; 

S = area (cm2);   

t = exposure time, h. 

 

3.    RESULTS AND DISCUSSION 

Dissolution tests of samples of scaling showed that the two acidic mixtures of HCl and HF were efficient in full 

scale dissolution. It was also observed that the increase of temperature and acid concentration favoured the rapid 

dissolution of scale. Figure 4 presents the mechanisms of the reactions of acid mixture with the scale. 

 

 
Figure 4. Mechanism of dissolution of scale 

 

Hydrofluoric acid is a specific regent for SiO2 and inorganic silicates, in this way, the removal of these scales with 

mixtures of HCl and HF becomes very efficient chemical removal [2-6]. The reactions of dissolution of SiO2 and 

silicates (clay) with hydrofluoric acid are presented below: 

 

4 HF +  SiO2 →  SiF4 + 2 H2O 

 

6 HF +  SiO2 → H2SiF6 + 2 H2O 

 

36 HF +  Al2Si4O10(OH)2  → 4 H2SiF6 + 2 H3AlF6 + 12 H2O 

 

The gravimetric test results of corrosion inhibitor are presented in Tables 1 and 2 and graphs of Figures 5-8 refer to 

the average of three steel carbon coupons. 

 

Table 1. Table 1- Results of tests of weight loss of carbon steel coupons in 10% (by mass) of HCl and 1% (by mass) 

of HF at 25 °C, 40°C and 50 °C with addition of propargyl alcohol (corrosion inhibitors commercial formulations) 

Corrosion inhibitor 

concentration, 

mL/L 

Mass loss (mg/cm2) 

25 °C 40°C 50 °C 

1h 3h 1h 3h 1h 3h 

0 28.3 34.2 42.8 89.1 50.5 107.8 

0.5 1.98 2.12 3.52 5.89 4.42 7.34 

1.0 1.23 1.55 3.21 3.33 4.13 6.76 

1.5 1.02 1.34 1.74 1.86 2.11 3.64 
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Table 2 - Results of tests of weight loss of carbon steel coupons in 15% (by mass) of HCl and 3% (by mass) of HF at 

25 °C, 40°C and 50 °C with addition of propargyl alcohol (corrosion inhibitors commercial formulations) 

Corrosion inhibitor 

concentration, 

mL/L 

Mass loss (mg/cm2) 

25 °C 40°C 50 °C 

1h 3h 1h 3h 1h 3h 

0 33.4 36.7 45.3 92.8 75.4 140.6 

0.5 2.13 2.79 3.98 5.46 4.95 8.53 

1.0 1.76 2.73 3.39 4.02 4.23 7.95 

1.5 1.35 1.67 1.97 2.16 2.28 4.97 

 

 

Figure 5- Rate of corrosion of carbon steel 10% (by mass) of HCl and 1% (by mass) of HF with propargyl 

alcohol, 1 hour. 

 

Figure 6 - Rate of corrosion of carbon steel 10% (by mass) of HCl and 1% (by mass) of HF with propargyl 

alcohol, 3 hour. 
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Figure 7 - Rate of corrosion of carbon steel 15% (by mass) of HCl and 3% (by mass) of HF with propargyl 

alcohol, 1 hour. 

 

 

Figure 8 - Rate of corrosion of carbon steel 15% (by mass) of HCl and 3% (by mass) of HF with propargyl 

alcohol, 3 hour. 

Gravimetric testing performed with the carbon steel coupons immersed in solution of hydrochloric acid and 

hydrofluoric acid at concentrations of 10 and 15 % (by mass) show that the rise in temperature favours the increased 

rate of corrosion. The additions corrosion inhibitors based in propargyl alcohol show excellent efficiency (96 %) in 

corrosion protection, particularly with concentrations higher than 1.5 mL/L 

A commercial formulations corrosion inhibitor for use in inhibiting acidification consist of a mixture of several 

compatibility substances, which between them usually have the following characteristics [4,7, 8]: 

 An ability to form a film adsorbed or chemisorbed on the metal surface; 

 The ability to disperse or prevent the contact of the aqueous medium with the metal surface; 

 The ability to disperse compounds formed by reaction with acid corrosion products 

 Antifoaming properties. 

The development of corrosion inhibitors based on active matter of propargyl alcohol has presented excellent 

performance in protection of carbon steel in hydrochloric acid solutions both in relation to the concentration in 

relatively small or high temperatures [9 - 12]. 
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The adsorption capacity of propargyl alcohol molecules in metallic surfaces is due the -electrons that interacting 

with the metallic surfaces, consequently, is associated with the properties of triple bonds of the propargyl alcohol 

molecule (HCCCH2OH) [13].  

The addition of an organic inhibitor type system (propargyl alcohol) in the mixture of hydrochloric acid and 

hydrofluoric acid can lead to partial or total reaction even with the H+ ions dissociated in acidic solution, having 

spontaneously captured the positive charges by the inhibitor molecules, a process called “protonation” [14, 15].  

Thus there is an intense competition between the H+ ions and protonated inhibitor molecules moving into areas 

where they accumulate cathode electrons. Although the ion mobility of H+ ions is much greater (smaller ion) than 

the protonated inhibitor molecules, there is a stable inhibitor adsorption on the metallic surface, forming a barrier 

that prevents migration of H+ ions to capture the electrons, thus preventing the formation of atomic hydrogen (H) 

and the detachment of molecular hydrogen (H2) [16]. 

The barrier formation by the inhibitor molecules on the metal surface will be a function of the concentration of non-

oxidizing acid, the concentration of the inhibitor, the temperature and the adsorption capacity of the inhibitor 

molecules [17].  

On the basis of literature referenced and didactic vision is presented in Figure 9 a proposal for a mechanism of 

corrosion protection with corrosion inhibitor of propargyl alcohol. 

Figure 9 presents a competition between H+ ions to the capture of the electrons in the metal surface and the 

protonated propargyl alcohol flowing for adsorption. Due to the size of the molecule of protonated propargyl alcohol 

compared with H+ ions adsorption is initialized. Furthermore, considering the negative charge of the [OH] of 

molecule of propargyl alcohol is possible an alignment of molecules increasing the ability of anticorrosive 

protection.  

 

 
Figure 9 – Proposal of a diagram of the action of propargyl alcohol in an acid medium. 

 

Finally, another point that deserves a special mention is the mixtures of hydrochloric acid and hydrofluoric acid 

(mud acid) with addition of corrosion inhibitor propargyl alcohol base are widely used in oil and gas operations. 

Contaminations and burns due to hydrofluoric acid are usually caused by accidental operations. The absorption of 

HF may result in deep tissue injury, damage to the nerves, blood vessels, tendons and bones. Concentrated 

hydrofluoric acid can cause immediate discomfort and with many localized pain. Diluted solutions can also result in 

any apparent symptoms that last several hours [18,19]. 

Propargyl alcohol or 2-propyn-1-ol (CASRN 107-19-7) is also pretty dangerous product to man and the environment 

[20, 21,]. This product causes burns to tissues, skin, eyes, mouth and by aspiration can injure, nose, larynx, 

oesophagus and stomach. It is selective toxic to the contamination of liver and kidneys [22-24].  

 

4.    CONCLUSIONS 
The chemical removal of scale in oil production pipes and anti-corrosion protection using corrosion inhibitors was 

studied on the basis of laboratory tests and references. The following conclusions may be drawn: 

 Mixtures consisting of hydrochloric acid and hydrofluoric acid were excellent at removing scale adhered to 

carbon steel and were constituted of 83.5% CaCO3, 11.2% Fe2O3 and 5.3% SiO2; 

 Mixtures of HCl and HF are particularly corrosive to carbon steel used in petroleum pipe production and 

the corrosion inhibitor needs to be used in these circumstances; 

 The propargyl alcohol ((2-propyn-1-ol)-based is an effective corrosion inhibitor for reducing the corrosion 

rate for carbon steel in hydrochloric acid and hydrofluoric acid solutions and its inhibition action is due to 

the adsorption of propargyl alcohol molecules on the steel surface via triple-bond carbon atoms; 
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 The gravimetric tests showed an inhibition efficiency exceeding 96%. The increase of the concentration of 

the corrosion inhibitor and reduction of temperature favour the corrosion protection. 
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