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Abstract 

A linseed-based inhibitor (Linum usitatissimum) was developed that would control the scale precipitation applying 

experimental trials. The linseed gel was initially extracted by a hydrolysis process and then different inhibitors were 

formulated at 30, 40 and 50 %m/V concentrations.  In order to study the physicochemical characteristics of each 

product and the linseed gel.  A synthetic water was formulated and a sample of production water from the Oritupano 

oilfield was collected, they were characterized by physicochemical tests. Subsequently, the inhibition efficiency of 

the formulated product was evaluated, considering NACE TM 0374-2007, at different doses (10, 55 and 100 ppm).  

The 50 %m/V inhibitor was the most efficient, obtaining efficiency values between 59% and 95.67% for the 

production water and 36.67% and 92.22% for the synthetic water, showing that at higher concentration, the 

efficiency increases. Finally, an analysis of variance (ANOVA) was applied between the formulated inhibitors and a 

commercial reference inhibitor, obtaining a behavior quite similar to the standard inhibitor and demonstrating its 

efficiency. Concluding that linseed gel-based inhibitors were efficient in mineral scales and salt precipitation 

inhibition, because in some cases they showed greater efficiencies than the commercial product evaluated. 

Keywords:  Inhibitor, Linseed, Production water, Scales, Synthetic water. 
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Resumen 

Se desarrolló un inhibidor a base de linaza (Linum usitatissimum) que controlara la precipitación de incrustaciones a 

nivel experimental. Para ello inicialmente se extrajo el gel de linaza mediante un proceso de hidrólisis y a partir de 

éste se formularon los distintos inhibidores con concentraciones de 30, 40 y 50% m/V, estudiándose así las 

características fisicoquímicas de cada producto y del gel de linaza. Se formuló un agua sintética y se recolectó una 

muestra de agua de producción proveniente del campo Oritupano, las cuales fueron caracterizadas mediante pruebas 

fisicoquímicas. Posteriormente se evaluó la eficiencia de inhibición del producto formulado, considerando la norma 

NACE TM 0374-2007, a las dosis de 10, 55 y 100 ppm, resultando ser el inhibidor de 50% m/V el más eficiente, 

arrojando valores de eficiencia comprendidos entre 59% y 95.67% para el agua de producción y de 36.67% y 92.22% 

para el agua sintética, dando a demostrar que a mayor concentración aumentaba la eficiencia. Para finalizar, se aplicó 

un análisis de varianza ANOVA entre los inhibidores formulados y un inhibidor comercial de referencia, obteniendo 

un comportamiento bastante similar al inhibidor patrón y demostrando su eficiencia. Concluyendo que los 

inhibidores a base de gel de linaza resultaron ser eficientes en la inhibición de incrustaciones minerales y la 

precipitación de sales, debido a que, en algunos casos, presentaron eficiencias mayores que el producto comercial 

evaluado. 

Palabras Clave: Agua de producción, Agua sintética, Incrustaciones, Inhibidor, Linaza. 

 

1. Introduction 

During oil wells productive life, it is normal to 

find water which is called as production water; 

in its composition suspended particles, dissolved 

hydrocarbons and inorganic salts such as 

calcium carbonate, calcium sulfate, strontium 

sulfate and barium can be found (1).  Most of the 

oil fields in the world are characterized by 

producing large volumes of water with oil, as 

mentioned by Bailey et al. (2) who express that 

global water production is approximately 210 

million barrels per day (33.4 million m3/d) 

produced with 75 million barrels per day (11.9 

million m3/d) of oil, being perceived as a 

common situation in mature fields, establishing 

water excess represents a problem and a 

significant cost for oil producing companies. 

This water generates scale which is formed 

either when the inorganic salts are solidified at 

certain pressure and temperature conditions, (3-6) 

or when water injection is applied as a recovery 

method, generating scale due to incompatibility 

between injected water and groundwater.  

Scaling phenomenon is one of the most common 

problems in oil industry because it generates 

damages to distribution systems, shortening their 

useful life and obstructions in the pipelines, 

causing pressure drops and decreasing 

hydrocarbon production. 

These accumulations in greater proportion are 

formed in different stages such as formation 

pores, in well vicinity or in the production pipes, 

valves and pumps, gunship holes, well 

completion equipment and surface facilities (4, 7, 

8), causing a reduction in porosity and 

permeability and an early hole obstruction, thus 

making difficult the natural displacement fluids 

and causing great economic losses (3, 9, 10).  For 

this reason, in cases where scale formation has 

occurred, the problem is solved applying 

chemical or physical methods, using acidic 

solutions or mechanical equipment, respectively 
(11-13). 

There are mechanisms that help preventing scale 

formation and growth such as inhibitors (14), 

which applied in small quantities in production 

waters have successfully inhibited the formation 

of these precipitates (15) through mechanisms of 

threshold effect, crystal distortion, dispersion 

and chelation (16, 17), these agents are in general 

synthetic formulations of specific chemical 

compounds that produce high environmental 

impact (18) because they are not biodegradable.  

These inhibitors are generally composed of 
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phosphates: inorganic polyphosphates, organic 

phosphate esters, organic phosphonates, organic 

aminophosphates, and organic polymers.  

Nowadays, motivated by the growing global 

concern about the use of environmentally 

compatible and safe products, in addition to 

rigorous environmental laws, efforts have been 

made to minimize damage caused by to these 

inhibitors (6, 19, 20). This represents some of the 

reasons to develop scale inhibitors based on eco-

friendly compounds and natural substances. 

Relevant studies have been made about scale 

bioinhibitors which have provided important 

information for this research, such as Suharso et 

al. (21), researchers of gambier extract effect as a 

calcium carbonate precipitation inhibitor; Guo et 

al. (22), who used a modified chitosan copolymer 

to prevent calcium carbonate scale deposition; 

use of Okra extract (Abelmoschus esculentus) as 

a calcium carbonate inhibitor additive by Malavé 

et al. (23);  Bendaoud-Boulahlib and Ghizellaoui 
(24) measured orange peel inhibitory effect on 

scale-generating waters; in addition to the study 

by Rendón et al. (25) who evaluated dehydrated 

Passiflora edulis pectin effect as a mineral scale 

inhibitor. 

Accordingly, the purpose of this research was to 

evaluate an inhibitor with organic properties 

based on linseed (Linum usitatissimum), in order 

to generate a proposal that would suggest the 

feasibility of its use in order to minimize 

problems caused by scales in oil industry and 

having as a hypothetical experimental premise 

the calcium carbonate scale inhibition in samples 

of synthetic and production water from 

Oritupano oilfield, in Venezuela.  Based on this, 

water samples were characterized, as well as the 

mucilage obtained from linseed and the anti-

scaling agents. Experimental products (at 

different concentrations) were then evaluated, 

using NACE TM0374-2007 (26); and finally 

making a statistical comparison between the 

efficiencies of experimental additives and a 

commercial product, through an analysis of 

variance (ANOVA). 

2.  Methodology 

The study was conducted at Hydrocarbon 

Processing, Drilling and Reservoir Laboratories 

of Petroleum Engineering Department, 

Universidad de Oriente, Núcleo de Monagas, 

Campus Los Guaritos; and Molecular Sieves 

Laboratory, Universidad de Oriente, Núcleo de 

Monagas, Campus Juanico, located in Monagas 

state, Venezuela. 

2.1.  Synthetic and production water samples 

characterization 

Before characterizing, synthetic water was 

formulated by mixing a solution of sodium 

chloride (35 g/L) and calcium carbonate (10 

g/L).  Once synthetic water was formulated, 

synthetic brine and a production water sample 

from Oritupano field, located in Anzoátegui 

state, Venezuela, were characterized 

physicochemically, using the different tests and 

standards indicated below: density (ASTM D369 

) (27), dissolved solids content (COVENIN 2342: 

86) (28), total and suspended solids content 

(COVENIN 2461: 87) (29), conductivity 

(COVENIN 3050-93) (30), pH (COVENIN 2462 : 

87) (31), alkalinity (API RP 13B-1) (32), in 

addition to chloride content (COVENIN 3141: 

1995) (33) and calcium hardness (COVENIN 

2771: 91) (34). 

2.2.  Preparation and characterization of 

Linum usitatissimum mucilage 

First of all raw material was required for being 

used in scale inhibitor formulation, this is linseed 

mucilaginous gel which is obtained by 

hydrolysis process, where heat was applied to 

both seeds and distilled water (in 100 g of 

linseed per 1000 mL of water proportion) for 

about 15 minutes.  Produced gel was filtered to 

separate it from seeds.  Once the resulting gel 
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was at ambient temperature, it was centrifuged to 

separate aqueous phase from the oils, and then it 

was placed in a decanting funnel for a period of 

24 hours for obtaining a more efficient 

separation of free water contained. Gel was 

preserved at a temperature of 20.5 °C to prevent 

its degradation. 

Mucilage characterization was made through the 

determination of viscosity, using Brookfield 

viscometer (ASTM D2983-03) (35); functional 

groups identification through analysis by 

infrared spectroscopy on FT-IR spectrometer 

equipment (Nicolet is10 ) (ASTM E168-06 (36) 

and ASTM E1252-98 (37)); microscopic 

appearance (ASTM E1951-98) (38) by direct 

observation in a DIGISYSTEM (XSZ-207) 

biological microscope, and thermal stability 

(Method developed by Malavé et al.) (23) setting 

three values of temperature (50, 70 and 90 °C). 

Density, total, dissolved and suspended solids, 

pH and conductivity were determined through 

the standards procedures considered for synthetic 

and formation water characterization. 

2.3.  Linseed mucilage inhibitor development 

It was started with formulation of the different 

scale inhibitor samples, based on three 

concentrations (30, 40 and 50% m / V), mixing 

linseed gel obtained with distilled water; diluting 

30, 40 and 50 grams of linseed gel for every 100 

mL of distilled water, and 0.02 g/L of citric acid 

was added for each one as a preservative. 

Inhibitors were applied in two doses specified by 

NACE TM 0374-2007 (26) (10 and 100 ppm), 

with 55 ppm added as a third dosage to establish 

comparative statistical analysis. 

Once different antiscaling formulations were 

made, they were characterized from their 

physicochemical properties.  The tests made 

were: viscosity, density; content of total, 

dissolved and suspended solids, pH, conductivity 

and thermal stability; following standard 

procedures already indicated.  Additionally, it 

was required a commercial inhibitor as a 

reference for statistical analysis. This came from 

an unknown manufacturer but commonly used 

by Petróleos de Venezuela, S.A. (PDVSA). 

Commercial inhibitor was also characterized 

through viscosity, density, total solids content 

and pH. 

Linseed scale inhibitor evaluation according to 

NACE TM 0374-2007 (26) was based on 

determining the antiscaling chemicals ability to 

keep calcium carbonate (CaCO3) soluble, 

preventing their precipitation during the tests.  

Different linseed scale inhibitors and commercial 

product were used in these tests.  In order to 

calculate efficiency, it was necessary to 

determine concentration corresponding to water 

sample calcium hardness before and after the test 

without inhibitor dosage (cold and hot sample, 

respectively), using the Eq. 1: 

%Inhibition =  
Ca−Cb

Cc−Cb
 x 100         (Eq.1) 

 

Where: 

Ca: calcium hardness in ppm of treated sample 

after precipitation. 

Cb: calcium hardness in ppm of blank after 

precipitation (hot sample). 

Cc: calcium hardness in ppm of blank before 

precipitation (cold sample). 

Additionally, a polynomial regression analysis 

was performed with results obtained from 

inhibitor performance test in synthetic water 

sample and in production water sample, thus for 

verifying products behavior experimentally at 

concentrations above 50 %m/V, at the best 

performing dose.  In order to complement 

linseed scale inhibitor evaluation, a statistical 

study was conducted using the Statgraphics 

Centurion XVI computational program, 

considering the results obtained in the previous 
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tests.  The analysis consisted of comparing dosed 

samples efficiencies with the developed product, 

and dosed samples efficiencies with the 

commercial product, considering ANOVA 

methodology for this analysis, based on 

comparing multiple samples means and 

determining which of them were different. 

3.  Results and discussion 

3.1.  Physicochemical properties of water 

samples and linseed mucilage obtained 

Table 1 shows that the two water samples 

evaluated were classified according to their 

hardness as "very hard", presenting values 

greater than 300 ppm, following what is stated in 

COVENIN 2771: 91 standard (34), which gives 

the tendency to have a high scaling power.  

Therefore, it will increase when the calcium 

hardness increases because the carbonate 

compounds will transform into crystals of the 

corresponding element when they experience an 

increase in temperature (39).  This scaling 

tendency is ratified with the results obtained 

from dissolved solids, generally associated with 

salts with a solubility higher degree and that 

according to Becker (40) the mineral crystals 

precipitation depends mainly on dissolved salts 

and even more so if they are lower size; in 

addition, a high total solids content increases the 

waters scaling tendency (41). 

Other properties that confirm the scaling nature 

are pH and alkalinity.  Production water from 

Oritupano oilfield obtained a value of 7.45, 

while for synthetic water was 9.45; indicating for 

the last case a basic nature and, although the 

production water pH value is relatively neutral, 

this is not an obstacle to minerals precipitation in 

case of any change in pressure or temperature 

experienced by this fluid.  Furthermore, in most 

oilfields the groundwater has pH values in a 

range from 6 to 8.5 (42). 

The two samples studied were also characterized 

by their high chlorides content giving it a 

corrosive tendency, considering what is 

established by the World Health Organization, 

which states that a chlorides value greater than 

250 ppm influences the water corrosivity (43). 

Table 2 shows the results obtained after the 

linseed mucilage characterization.  Gel color was 

light yellow with a gelatinous appearance and an 

acidic pH (5.59), due to the high lignans content 

Table 1. Water samples physicochemical properties 

Property 
Measurement 

unit 

Production 

water 
Synthetic water 

Density g/mL 1.0252 1.0567 

Total solids ppm 31,130 43,880 

Dissolved solids ppm 30,040 35,600 

Suspended solids ppm 1,090 8,280 

pH - 7.45 9.54 

Conductivity (25 oC) mS/cm 43.50 52.60 

Calcium hardness ppm 9,200 760 

Chlorides ppm 1,900 2,300 

Partial alkalinity ppm 0 40 

Total alkalinity ppm 700 1020 
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and polyunsaturated fatty acids (more than 70%), 

mostly α-linolenic acid (ALA) ( 44).  Linseed gel 

has good foaming capacity, stability, stable 

viscosity and it is resistant to the presence of 

salts in a wide pH range (45).  This gives the 

mucilage the inhibitory capacity in water 

samples with salts its composition and its 

viscosity can be considered as the main 

characteristic on which its applicability inhibitor 

is projected because it is stable enough, 

appreciating that the gel had a low viscosity at 

the beginning of its preparation (at a temperature 

of approximately 80 °C), but on cooling 

viscosity increased considerably which confirms 

that this property is strongly dependent on 

temperature. 

Table 2. Linum usitatissimum gel properties 

Property 
Measurement 

unit 
Result 

Density g/mL 1.006 

Viscosity cP 91.5 

pH - 5.59 

Conductivity 

(25°C) 

mS/cm 1,114 

Total solids ppm 9,260 

Dissolved 

solids 
ppm 8,820 

Suspended 

solids 
ppm 440 

Temperature action on the gel is verified when 

the thermal stability test is performed, being the 

way to ensure that mucilage does not lose its 

properties or inhibition mechanism when it is 

subjected to temperature variations.  Figure 1 

shows the curves that describe linseed gel 

behavior when it was subjected to different 

temperature conditions (50 ºC, 70 ºC and 90 ºC) 

during a determined time period (8 hours).  The 

gel showed a slight mass decrease at 

temperatures of 50 ºC and 70 ºC respect to the 

initial value, but after two hours of temperature 

exposure, the mass stabilized until its decrease 

was not appreciable.  This allows to deduce that 

gel will tend to maintain stability respect to the 

50 and 70 ºC temperatures, at times above 8 

hours.  

On the other hand, at temperature of 90 ºC it is 

observed that gel mass variation was more 

significant and did not stabilize, because mass 

decreased while the exposure time increased at 

that temperature.  Based on this, it is inferred 

that when linseed gel was subjected to 

temperatures below 70 °C, it did not thermally 

degrade, but above this temperature the gel 

became more unstable, presenting greater mass 

variations, because the bonds that stabilized it 

were broken and gel was thermally degraded.  

From the study by Rendón et al. (25) where they 

used dehydrated Passiflora edulis pectin as a 

scale inhibitor, the behaviors similarity of both 

natural polymers at the first two temperatures 

(50 °C and 70 °C) is shown, while for pectin 

referential a high percentage decline (54.73%) at 

the temperature of 90 °C (from the beginning to 

the end of the test) was observed, with respect to 

the new proposal based on linseed (0.33%); what 

confers to linseed mucilage better stability to 

high temperatures. 

In relation with total solids in linseed gel they 

result to be 9860 ppm, because linseed 

composition that shows a wide range of proteins, 

carbohydrates, lipids, fibers and presence of 

minerals such as potassium, phosphorus, iron, 

zinc and manganese (46); in addition to impurities 

(seed remains) which appeared during gel 

extraction. 

Figure 2 shows a linseed gel sample optical 

micrograph, appreciating that this sample is 

mostly occupied by a uniform and practically 

homogeneous liquid environment, characteristic 

of mucilage gelatinous body and the aqueous 

medium through which it was obtained.  Also, 

formation of small bubbles inside by the air 
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encapsulation is shown. It was not possible to 

appreciate in more detail other characteristics 

present in linseed gel, because the microscope 

resolution was lower than needed. 

 

Figure 2. Linum usitatissimum gel sample optical 

micrograph 

Figure 3 shows signals obtained in linseed gel 

infrared spectrum. Infrared spectroscopy is a 

qualitative method where each bond type 

absorbs infrared radiation at a different 

frequency when it is transmitted through a thin 

layer of substance, allowing the functional 

groups that the sample studied has to be 

identified, but it does not allow determining the 

exact proportions that they have (47).  Generally, 

it scans from 4000 cm-1 to 400 cm-1, allowing a 

transmittance or absorbance spectrum 

generation, indicating which wavelengths the 

infrared is absorbed by the sample. 

Infrared (IR) spectrum is unique for any 

chemical compound; therefore for linseed gel 

composition there is a spectrum that 

characterizes it.  Figure 3 visualizes presence of 

hydroxyl groups (OH-) and water, appearing in a 

range between 3600 and 3100 cm-1, this 

corresponds to phenols in gel composition; also, 

between 2950 and 2870 cm-1, aliphatic carbon-

hydrogen elongation (C-H) is evident. 

In the interval between 2870 and 1800 cm-1, 

presence of a carboxylic group possibly 

associated with lipids found in linseed gel is 

visualized.  Subsequently, an H-O-H flex 

appears due to water presence in steam form at 

1650 cm-1, as well as the possible 

monosubstituted aromatics presence belonging 

to a carbonyl group (C = O).  Aliphatic carbon-

hydrogen (C-H) flexion is also observed at 1390 

cm-1, due to fatty acids presence, abundant in gel 

composition; between 1190 cm-1 and 1000 cm-1, 

a C-O stretch is evident, caused by carboxylic 

acid group presence, probably associated with 

 
Figure 1. Linseed gel thermal stability behavior 
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polysaccharides in gel content; and finally, 

oscillations between 900 cm-1 and 400 cm-1 are 

visualized due to distortions and impurities 

contained in sample. 

3.2.  Proposed inhibitor development 

3.2.1.  Formulated inhibitors characterization 

Table 3 summarizes results obtained, showing 

inhibitors density (at different concentrations) 

with an upward tendency and directly related to 

mucilage concentration, also affecting the 

solubility of each formulated product when used 

as antiscaling agents. Those density values are 

directly associated with solids amount shown in 

Table 3.  In relation with scale inhibitor 

properties, total solids content is expected to be 

as low as possible, in order not to introduce more 

solids into the system; this parameter does not 

determinate directly inhibitor efficiency, but its 

consideration is important.  Similarly, high 

suspended solids concentrations are undesirable 

in scale inhibitor, because scale inhibitor must be 

able to fully dissolve in water sample to 

effectively perform its function of preventing 

crystal formation.  Related to this, Mata (48) 

suggests when applying inhibitors, suspended 

solids presence should be taken into account, 

because these affects maximum efficiency of the 

additive. 

Associated with solids content in each 

formulation, viscosity increases are shown while 

solid material proportion is increased, which are 

associated with fibers, carbohydrates and 

minerals (46), provided by mucilage. Considering 

viscosity is not the only property that directly 

influences the inhibitor efficiency, because it 

will also depend on certain conditions, such as 

pressure and temperature, salts content, total 

solids present in water and solids present in 

formulated inhibitor (48). 

Obtained pH values were 3.43; 3.28 and 3.21 for 

inhibitors with concentrations of 30, 40 and 50 

% m/V, respectively; showing that pH tends to 

decrease at a higher concentration, because a 

greater linseed gel quantity is added when 

formulated, giving a greater acidity to inhibitor 

as mucilaginous material proportion used is 

increased and additionally, citric acid ratio used 

as a preservative contributed to decrease pH, in a 

range between 38.60% and 42.60%. In addition, 

most commercial scale inhibitors are acidic and 

 

Figure 3. Infrared (IR) spectrum of linseed gel sample 
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based on this, it is known that at lower pH 

inhibitors will be more efficient, preventing scale 

formation. 

Formulated product inhibition mechanism was 

determined through the infrared spectrum made 

to linseed gel, obtaining polysaccharides in its 

composition, associated with a carbonyl group 

located at 1650 cm-1 and a carboxylic group 

between 1190 cm-1 and 1000 cm-1.  According to 

Daun et al. (44) these polysaccharides are mainly 

composed of arabino-rhamnose, galactose, 

xylose and galacturonic and manuromic acids, 

with xylose (62.8%) being the main component 

of neutral (electrically) polysaccharide, while 

rhamnose (54.5%) represents the main 

component of acidic polysaccharide.  Inhibitors 

antiscaling capacity may have come from xylose 

and ramnose, creating a protective film that 

generates nucleation changes of calcium 

carbonate crystals (49). 

In addition, Hall, et al (45) express that linseed gel 

is a polydisperse complex hydrocolloid and 

different rheological behaviors are caused by 

differences in ratio between neutral and acidic 

polymers and by molecular weight and 

polysaccharides structural conformation.  

Linseed gel also has a powerful cation chelating 

agent and complexer of proteins and starch, such 

as phytic acid, which could possibly have 

prevented compounds precipitation such as 

calcium carbonate. It also represents between 60 

and 90% of phosphorus present in linseeds (44). 

3.2.2.  Commercial product characterization 

A commercial inhibitor commonly applied in oil 

industry was used as a comparative standard 

which was provided by the state oil company 

Petróleos de Venezuela, S.A (PDVSA). This 

inhibitor was characterized, obtaining following 

values shown in Table 4. 

Table 4. Commercial scale inhibitor properties 

Property 
Measurement 

unit 
Result 

Density g/mL 1.06445 

Viscosity cP 12.9 

pH - 4.37 

Total solids ppm 0 

According to tabulated results, a commercial 

product with favorable characteristics of a scale 

inhibitor is exhibited, such as relatively low 

density and viscosity which give it the 

miscibility characteristics in medium where they 

were tested (water), in addition to an acid pH 

and a non-existent solids content, which generate 

inhibition characteristics of mineral particles 

accumulations formation present in water 

Table 3. Formulated inhibitors characterization at different Linum usitatissimum gel concentrations 

Property Measurement unit 30 %m/V 40 %m/V 50 %m/V 

Density g/mL 1.00575 1.00702 1.0072 

Viscosity cP 17.7 29.5 35.4 

pH - 3.43 3.28 3.21 

Total solids ppm 3,240 3,920 4,180 

Dissolved 

solids 
ppm 3,020 3,600 3,800 

Suspended 

solids 
ppm 220 320 380 
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samples and no solids contribution to evaluation 

systems, respectively. 

3.2.3.  Linseed mucilage experimental 

inhibitors efficiency 

After fluid characterizations, formulated 

bioinhibitors were evaluated (at three 

concentrations) in samples of synthetic brine and 

Oritupano oilfield production water, using three 

previously specified dosages (10, 55 and 100 

ppm), as shown in Table 5.  Efficiency 

percentages were obtained between 18.89% (30 

%m/V inhibitor at a 10 ppm dose, evaluated in 

synthetic water), up to a maximum efficiency of 

95.67% (50 %m/V inhibitor at a 100 ppm dose, 

evaluated in production water); it should be 

noted that the best results were obtained at 100 

ppm dose (77.67; 90.00 and 95.67% for 30, 40 

and 50 %m/V concentrations, respectively), even 

exceeding efficiencies obtained by commercial 

inhibitor.  Showing that greater or lesser 

inhibitors efficiency is attributed to the fact that 

at higher antiscaling product concentration 

calcium in solution retention during tests was 

higher, preventing salts precipitation (25). 

It also shows a better performance of 

experimental product in its different 

concentrations when it is evaluated in production 

water sample, which in a cold condition obtained 

a calcium hardness of 9200 ppm, greater than 

synthetic water (760 ppm), which allows us to 

infer that its performance was more satisfactory 

for a water sample with a higher scaling degree. 

Comparing with results of Malavé et al. (23) 

notable difference is verified, because when 

using Okra pod a maximum efficiency of 80% 

was achieved, for a 600 ppm dosage of a product 

with 5 %m/V concentration, in a production 

water sample with a 50 ppm calcium hardness, 

which is obviously lower than hardness of water 

used in this study (9200 ppm –production water- 

and 760 ppm –synthetic water-), where 

maximum efficiencies, as already indicated, 

resulted above 90%.  The opposite case occurs 

with proposal made by Suharso et al. (21), who 

through use of gambier extract obtained 

efficiencies between 60 and 100%, using product 

doses between 50 and 250 ppm, respectively; 

positioning the studied agent (Linum 

Table 5. Linum usitatissimum scale inhibitor efficiency results 

Concentration (%m/V) Dose (ppm) 
Efficiency (synthetic brine) 

(%) 

Efficiency (production 

water) (%) 

30 

10 18.89 39.00 

55 44.44 56.67 

100 63.33 77.67 

40 

10 30.00 53.33 

55 55.56 65.67 

100 88.89 90.00 

50 

10 36.67 59.00 

55 63.33 71.00 

100 92.22 95.67 

Commercial inhibitor 

10 25.56 55.67 

55 47.78 62.33 

100 77.78 82.33 
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usitatissimum) as a good option to use in 

operational conditions, for calcium carbonate 

scale precipitation control. 

Figures 4 and 5 show behaviors resulting from 

polynomial regression performed assuming 

concentrations greater than 50 %m/V, noting that 

as inhibitor concentration increases above the 

mentioned value, the efficiencies in both water 

samples are decreased.  The maximum 

efficiencies were 92.22% (for synthetic brine), at 

a 50 %m/V concentration, and 96.07% for 

production water (at a 54 %m/V concentration 

linseed gel), these being the ideal for 100 ppm 

dose and with which it could have a greater 

effect in mineral scale inhibition.  In addition, 

according to the hypothetical behaviors shown in 

respective graphs, a better product performance 

is revealed (at maximum dose of 100 ppm) in 

production water, showing a less pronounced 

decrease above the highest concentration used 

experimentally. 

 

Figure 4. Graphical representation of polynomial 

regression for concentrations greater than 50% m/V 

at 100 ppm dose in synthetic brine 

Figure 6 graphically specifies the behaviors 

found according to the efficiencies of 

experimental inhibitors and commercial product, 

in advance of statistical analysis performed.  

This graph shows that Linum usitatissimum 

mucilage scale inhibitors in their respective 

concentrations (30, 40 and 50 %m/V), showed 

similar upward behaviors with each other, also 

showing that in two waters considered for the 

study, the commercial antiscaling agent, only 

showed better performance than the organic 

product with the linseed mucilage lowest 

concentration (30 %m/V), evidencing superior 

behaviors of the other concentrations compared 

to the commercial reference product. This is 

corroborated in following statistical table. 

 

Figure 5. Graphical representation of polynomial 

regression for concentrations greater than 50% m/V 

at 100 ppm dose in production water 

Table 6 shows statistical results of the analysis 

made to linseed gel inhibitors of 30, 40 and 50 

%m/V concentration compared with the 

reference product; there is not statistically 

significant difference between efficiencies 

means shown by formulated additives and 

commercial inhibitor, because the P value was 

greater than 0.05; this indicates that antiscaling 

inhibitors used showed similar effects in water 

samples studied. 

Table 6. Simple analysis of variance for efficiencies 

of Linum usitatissimum-based inhibitor and 

commercial product 

Source 
Sum of 

squares 
Fd 

Middle 

square 

F-

ratio 

P-

value 

Between 

groups 

2,407.77 7 343.967 0.67 0.692

9 Intra 

groups 

8,186.18 16 511.636   

Total 

(Corr.) 
10,594.0 23    
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Comparing the studied proposal, where a natural 

polymer from linseed was used, with product 

developed by Guo et al. (22) based on a modified 

chitosan copolymer, a similarity is verified in 

maximum efficiencies results obtained (95.67% 

versus 95.62%); considering the composition of 

two primary sources are different, it is shown 

that it was not necessary to chemically modify 

the linseed mucilage, so that it exhibited the 

same efficiencies as those provided by a 

modified polymer, whose transformation is 

developed essentially to improve its efficiencies. 

It is valid to indicate then, that a linseed gel 

modification could improve the efficiencies and 

a high preservation capacity. 

4.  Conclusions 

The inhibitory capacity antiscaling agent based 

on Linum usitatissimum mucilage was more 

favorable in production water sample than in 

synthetic brine with a tendency to early CaCO3 

precipitation, obtaining better results (95.67%) at 

higher concentrations and doses (50% m/V and 

100 ppm, respectively) and showing a directly 

proportional concentration-efficiency behavior, 

resulting more satisfactory for linseed 

bioinhibitors of 40 and 50% m/V concentration 

than that provided by commercial product used 

for comparative purposes. Furthermore, they did 

not show significant differences in their 

behaviors, among themselves and with the 

reference agent when the analysis of variance 

was elaborated. It is convenient to evaluate the 

developed product behavior at concentrations 

above 50% m/V and at dosages above 100 ppm. 

5.  References 

(1)  Igunnu ET, Chen GZ. Produced water 

treatment technologies. Int. J. Low Carbon 

Technol. 2014; 9(3):157-177. Doi: 

10.1093/ijlct/cts049. 

(2)  Bailey B, Crabtree M, Tyrie J, Elphick J, 

Kuchuk F, Romano C, et al. Control del 

agua.  Oilfield Review. 2000;12(1):32-53. 

(3)  Frenier WW, Ziauddin M. Formation 

removal and inhibition of inorganic scale 

 

Figure 6. Experimental linseed-based inhibitors efficiency behaviors, respect to reference commercial product 



Castillo-Campos, et al/Ingeniería y Competitividad, 22(2), 8842, julio-diciembre2020 
 

 13 / 16 

in the oilfield environment. Adoble Digital 

Edition. Richardson, Texas: Society of 

Petroleum Engineers; 2008. 

(4)  Kan AT, Tomson MB. Scale prediction 

for oil and gas production. In:  

International Oil and Gas Conference and 

Exhibition in China. Beijing, China:  

Society of Petroleum Engineers; 2010.  

(5)  Kelland MA. Production Chemicals for 

the Oil and Gas Industry. 2nd ed. Boca 

Raton, FL.: CRC Press; 2014. 

(6)  Kumar S, Naiya TK, Kumar T. 

Developments in oilfield scale handling 

towards green technology-A review. 

Journal of Petroleum Science and 

Engineering. 2018; 169:428–444. Doi: 

10.1016/j.petrol.2018.05.068. 

(7)  Jordan M, Mackay E. A retrospective 

review of 10 years of scale management in 

a deepwater field: from capex to plateau 

production. In: SPE International Oilfield 

Scale Conference and Exhibition. 

Aberdeen, U.K: Society of Petroleum 

Engineers; 2016. 

 (8)  Zhang P, Kan A, Tomson M. Oil Field 

Mineral Scale Control. In: Amjad Z, 

Demadis KD, editors. Mineral Scales and 

Deposits: Scientific and Technological 

Approaches. 1st ed. Netherland: Elsevier; 

2015. p. 603–18. 

 (9)  Kamal MS, Hussein I, Mahmoud M, 

Sultan AS, Saad MA. Oilfield scale 

formation and chemical removal: A 

review. Journal of Petroleum Science & 

Engineering. 2018; 171:127-139. Doi: 

10.1016/j.petrol.2018.07.037. 

(10)  Khormali A, Sharifov AR, Torba DI. 

Increasing efficiency of calcium sulfate 

scale prevention using a new mixture of 

phosphonate scale inhibitors during sulfate 

scale prevention using a new mixture of 

phosphonate scale inhibitors during 

waterflooding. Journal of Petroleum 

Science & Engineering. 2018; 164:245–

258. Doi: 10.1016/j.petrol.2018.01.055. 

(11)  Shams El Din AM, El-Dahshan ME, 

Mohammed RA. Inhibition of the thermal 

decomposition of HCO3
− A novel 

approach to the problem of alkaline scale 

formation in seawater desalination plants. 

Desalination. 2002; 142(2):151-9. Doi: 

10.1016/S0011-9164(01)00434-9. 

(12)  Moghadasi J, Jamialahmadi M, Müller-

Steinhagen H, Sharif A, Ghalambor A, 

Izadpanah MR, et al. Scale Formation in 

Iranian Oil Reservoir and Production 

Equipment During Water Injection. In 5th 

International Oilfield Scale Symposium 

and Exhibition. Aberdeen, U.K.: Society 

of Petroleum Engineers; 2003. 

(13)  Hamed OA. Evolutionary developments 

of thermal desalination plants in the Arab 

Gulf region. In: Beirut Conference. Beirut: 

Research &Development Center, SWCC; 

2004. 

(14)  Macedo RG, Marques ND, Paulucci LC, 

Moura-Cunha JV, Villetti MA, Castro BB, 

et al. Water-soluble 

carboxymethylchitosan as green scale 

inhibitor in oil wells. Carbohydrate 

Polymers. 2019; 215:137–42. Doi: 

10.1016/j.carbpol.2019.03.082. 

(15)  Chaussemier M, Pourmohtasham E, Gelus 

D, Pécoul N, Perrot H, Lédion J, et al. 

State of art of natural inhibitors of calcium 

carbonate scaling. A review article. 

Desalination. 2015; 356:47–55. Doi: 

10.1016/j.desal.2014.10.014. 



Castillo-Campos, et al/Ingeniería y Competitividad, 22(2), 8842, julio-diciembre2020 
 

 14 / 16 

(16)  Darton EG. Membrane chemical research: 

centuries apart. Desalination. 2000; 132(1-

3):121–131. Doi: 10.1016/S0011-

9164(00)00141-7. 

(17)  Lisitsin D, Yang Q, Hasson D, Semiat R. 

Inhibition of CaCO3 scaling on RO 

membranes by trace amounts of zinc ions. 

Desalination. 2005; 183(1-3):289–300. 

Doi: 10.1016/j.desal.2005.10.002. 

(18)  Zhang B, Zhang L, Li F, Hu W, Hannam 

PM. Testing the formation of Ca–

phosphonate precipitates and evaluating 

the anionic polymers as Ca–phosphonate 

precipitates and CaCO3 scale inhibitor in 

simulated cooling water. Corrosion 

Science. 2010; 52(12):3883-3890. Doi: 

10.1016/j.corsci.2010.07.037. 

(19)  Liu G, Xue M, Yang H. Polyether 

copolymer as an environmentally friendly 

scale and corrosion inhibitor in seawater. 

Desalination. 2017; 419:133–140. Doi: 

10.1016/j.desal.2017.06.017. 

(20)  Mady MF, Charoensumran P, Ajiro H, 

Kelland MA. Synthesis and 

characterization of modified aliphatic 

polycarbonates as environmentally 

friendly oilfield scale inhibitors. Energy & 

Fuels: an American Chemical Society 

Journal. 2018; 32(6):6746–6755. Doi: 

10.1021/acs.energyfuels.8b01168. 

(21)  Suharso , Buhani , Bahri S, Endaryanto T. 

Gambier extracts as an inhibitor of 

calcium carbonate (CaCO3) scale 

formation. Desalination. 2011; 265:102–

106. Doi: 10.1016/j.desal.2010.07.038. 

(22)  Guo X, Qiu F, Dong K, Zhou X, Qi J, 

Zhou Y, et al. Preparation, 

characterization and scale performance of 

scale inhibitor copolymer modification 

with chitosan. Journal of Industrial and 

Engineering Chemistry. 2012; 18:2177–

2183. Doi: 10.1016/j.jiec.2012.06.015. 

(23)  Malavé D, Marín T, Acevedo V, Parra M. 

Extracto de Okra (Abelmoschus 

esculentus) como aditivo inhibidor de 

Carbonato de Calcio en aguas de 

producción del Campo El Furrial, Estado 

Monagas, Venezuela. Revista Tecnológica 

ESPOL – RTE. 2016; 29(2):1-11. 

(24)  Bendaoud-Boulahlib Y, Ghizellaoui S. 

Study of Inhibiting Effect of Orange peel 

on Hard Growth Water. Journal of 

materials and Environmental Sciences. 

2017;8(3):1076-1081. 

(25)  Rendón K, Azocar E, Castillo-Campos L. 

Pectina deshidratada de Passiflora edulis 

como inhibidor de incrustaciones 

minerales. Ingeniería Investigación y 

Tecnología. 2020; 21(1):1-12. Doi: 

10.22201/fi.25940732e.2020.21n1.010. 

(26)  National Association of Corrosion 

Engineers (NACE). NACE Standard 

TM0374-2016 - Laboratory Screening 

Tests to Determine the Ability of Scale 

Inhibitors to Prevent the Precipitation of 

Calcium Sulfate and Calcium Carbonate 

from Solution (for Oil and Gas Production 

Systems) Houston: NACE; 2016. 

(27)  ASTM D369: Standard Test Method for 

Specific Gravity of Creosote Fractions and 

Residue (Withdrawn 2006). West 

Conshohocken, PA: ASTM International; 

2002. 

(28)  Comisión Venezolana de Normas 

Industriales (COVENIN). Norma 

venezolana COVENIN 2342-86 Agua 

potable. Determinación del residuo 

filtrable total secado a 180 ºC (Sólidos 

disueltos). Caracas: Fondonorma; 1986. 



Castillo-Campos, et al/Ingeniería y Competitividad, 22(2), 8842, julio-diciembre2020 
 

 15 / 16 

(29)  Comisión Venezolana de Normas 

Industriales (COVENIN). Norma 

venezolana COVENIN 2461-87 Aguas 

naturales, industriales y residuales. 

Determinación de sólidos. 1era Edición. 

Caracas: Fondonorma; 1987. 

(30)  Comisión Venezolana de Normas 

Industriales (COVENIN). Norma 

venezolana COVENIN 3050-93. Aguas 

Naturales, Industriales y Residuales. 

Determinación de la Conductividad 

Eléctrica. Caracas: Fondonorma; 1993. 

(31)  Comisión Venezolana de Normas 

Industriales (COVENIN). Norma 

venezolana COVENIN 2462-87 Aguas 

naturales, industriales y residuales. 

Determinación del pH. Caracas: 

Fondonorma; 1987. 

(32)  American Petroleum Institute (API). API 

RP 13B-1 Recommended Practice for 

Field Testing Water-based Drilling Fluids. 

5th ed. Washington: API Publishing 

Services; 2019. 

(33)  Comisión Venezolana de Normas 

Industriales (COVENIN). Norma 

venezolana COVENIN 3141-1995. Aguas 

naturales, industriales y residuales. 

Determinación de cloruros. Caracas: 

Fondonorma; 1995. 

(34)  Comisión Venezolana de Normas 

Industriales (COVENIN). Norma 

venezolana COVENIN 2771-91. Aguas 

naturales, industriales y residuales. 

Determinación de Dureza. Caracas: 

Fondonorma; 1991. 

(35)  ASTM D2983-03: Standard Test Method 

for Low-Temperature Viscosity of 

Lubricants Measured by Brookfield 

Viscometer. West Conshohocken, PA: 

ASTM International; 2003.  

(36)  ASTM E168-16: Standard Practices for 

General Techniques of Infrared 

Quantitative Analysis. West 

Conshohocken, PA: ASTM International; 

2016. 

(37) ASTM E1252-98: Standard Practice for 

General Techniques for Obtaining Infrared 

Spectra for Qualitative Analysis. West 

Conshohocken, PA: ASTM International; 

1998. 

(38)  ASTM E1951- 98: Standard Guide for 

Calibrating Reticles and Light Microscope 

Magnifications. West Conshohocken, PA: 

ASTM International; 1998.  

(39)  Castillo-Campos L. Importancia de la 

caracterización de aguas producidas en la 

industria petrolera. Geominas. 2016; 

44(71):171-175. 

(40)  Becker JR. Corrosion and Scale 

Handbook. Tulsa, Oklahoma: Penn Well 

Publishing Company; 1998. 

(41)  Rocha E. Ingeniería de Tratamiento y 

Acondicionamiento de Aguas. 1st Ed. 

Chihuahua, México: Universidad 

Autónoma de Chihuahua; 2010. 

(42) Rice E, Baird R, Eaton A, Clesceri L, 

editors. Standard Methods for the 

Examination of Water and Wastewater. 

22nd Ed. American Water Works 

Association; 2012. 1496 p. 

(43)  Vargas L. Control del agua.  Tratamiento 

de agua para consumo humano Plantas de 

filtración rápida. Tomo I. Lima, Perú: 

CEPIS/OPS; 2004.  

(44)  Daun J, Barthet V, Chornick T, Duguid S. 

Structure, composition, and variety 

development of flaxseed. In: Thompson 

LU, Cunanne SC, editors. Flaxseed in 



Castillo-Campos, et al/Ingeniería y Competitividad, 22(2), 8842, julio-diciembre2020 
 

 16 / 16 

Human Nutrition. 2nd ed. Champaign, 

Illinois: AOCS press; 2003. p. 1–41. 

(45) Hall C, Tulbek MC, Xu Y. Flaxseed. In: 

Taylor SL, editor. Advances in Food and 

Nutrition Research. Vol.51. Elsevier Inc.; 

2006. p. 1–97. 

(46) Flax Council of Canada. Descripción y 

Composición de la Linaza [Internet]. 2009 

[Consulted 2019 Feb 21]. Available in: 

http://flaxcouncil.ca/wp-

content/uploads/2015/04/FlxPrmr-R11-

Ch1_Span.pdf. 

(47) Stuart BH. Infrared Spectroscopy: 

Fundamentals and Applications. New 

York: John Wiley & Sons; 2004. 

(48)  Mata C. Polisacáridos naturales como 

agentes anti-incrustantes [Dissertation]. 

Caracas, Venezuela: Universidad Simón 

Bolívar (USB); 2007.  

(49)  Dea IC. Industrial polysaccharides. Pure 

& Appl. Chem. 1989; 61(7):1315-1322. 

Doi: 10.1351/pac198961071315. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Este trabajo está licenciado bajo una Licencia Internacional Creative Commons Reconocimiento–
NoComercial–CompartirIgual 4.0 


