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Abstract 
 
Currently, mineral scales have become a quite common problem in oil extraction and 
production processes, making it extremely important to have an effective method that 
allows quantifying the efficiency of scale inhibitors. Based on this problem, an investigation 
was carried out whose objective was to determine the efficiency of scale inhibitors in 
production waters through the adaptation of the methodology proposed by Zhang, Wu, Li 
and Zhao in 2012. To do this, the physical-chemical characterization of three production 
water samples was performed, as well as two commercial inhibitors and one organic. 
Subsequently, the adaptation of the evaluative method for production water samples was 
generated and the behavior of pH as a function of the time generated by the scale inhibitors 
was studied, considering three different doses (50, 100 and 300 ppm). Additionally, a 
statistical comparison was made between the pH behavior obtained in this investigation 
with that obtained in the study carried out by Zhang, Wu, Li and Zhao. As a conclusion, it 
was obtained that the adaptation generated managed to reproduce the experimental 
criteria observed in the original proposal in each of the respective evaluations, thus 
becoming a simple methodology, with low costs associated with its assembly and which 
managed to adjust to the behavior of pH in function of the time evidenced in the base study, 
therefore it offers favorable results for measuring the efficiency of scale inhibitors in 
production waters. 

 
 

Introduction 

By their nature, hydrocarbon reservoirs contain 

combinations of liquid and/or gaseous hydrocarbons 

and water [1], commonly known as formation water, 

the latter being generally found in greater proportion 

[2] so it is quite common that there is a large 

production of it, especially with the elapsing of the 

reservoirs productive time. 

Because of its compositional nature, the produced 

water from oil accumulations brings with it a variety 

of ionic constituents, which they are able to 

precipitate, thereby generating a scaling formation [1, 

3-4] which is generally associated with minerals 

precipitation, however the scaling phenomenon also 

take place because the water that moves through the 

production system becomes supersaturated with 

mineral components due to incompatibility between 

it, injection water [5-6] or any other process water [7], 

bringing as a direct consequence that there is a flow 

rate gradual reduction in a well or surface equipment 

[8-9], causing subsequent operational problems in the 

production system [10]. 

To prevent this type of situation, a method that 

mitigates the scale formation generated by the 

deposited minerals should be used. Malavé et al. [11] 

state that this phenomenon can be prevented by 

controlling the operational parameters (pressure, 

temperature, flow, among others) or using specific 

chemical. 

Among the chemical treatments, the use of scale 

inhibitor agents stands out [12-14], which have 

become one of the industry’s preferred methods for 

maintaining well productivity due to their efficiency in 

preventing the carbonate and sulfate scale formation 

in areas near the well, pipes and wellheads [15]. 

Therefore, it is important to have an effective 

method that allows evaluating the antiscaling 

products performance, being the NACE TM0374-2016 

Standard [16] an example of this. This standard allows 

the efficiency to be measured through a jar test in 

static condition; similarly, Hernández et al. [17] 

established a "New methodology for evaluation of 

scale inhibitor products based on existing models" 

where they evaluated the chemical products 

performance after subjecting them to various 

experimental conditions that allowed measuring their 

efficiency in an integral way. 
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In addition, Zhang et al. [18] developed a study 

called "A new evaluation method of scale inhibitors 

for controlling calcium carbonate scale in reverse 

osmosis system based on pH measurement". The 

objective of this study was to evaluate the 

performance of these agents in synthetic waters, by 

continuous pH measurement, using as an 

experimental criterion that the scale formation occurs 

when the pH declines, and then, on the basis of the 

calcium carbonate supersaturation calculation, they 

were able to quantify the efficiency of referred 

chemical agent with respect to the scale formation; 

based for this on the titration to a synthetic water 

sample (with an established concentration of calcium 

chloride) with sodium bicarbonate of defined 

concentration. 

Although the authors provided a simple method, 

whose experimental assembly entails low costs and 

provides reliable data according to the reproducibility 

criteria used in their study, this methodology does not 

cover the production waters compositional diversity 

because synthetic water samples with known 

concentration were used, generating ideal results that 

are not consistent with the real processes that have 

taken place in the oil industry. 

In this research, Zhang et al. [18] methodology was 

adapted to production water samples in order to have 

a procedure to measure the calcium carbonate scale 

inhibitors efficiency, on a more representative scale of 

the ionic concentrations found in production waters, 

in order to direct the technique to the actual 

processes occurring in the oil production activities. 

For this reason, it was taken as a hypothetical premise 

that the adaptation generated would give favourable 

results for measurement the scale inhibitors efficiency 

in production waters against the calcium carbonate 

formation. 

Three production waters samples were 

characterized, as well as two commercial inhibitors 

and one of an organic nature. After this, we 

proceeded to generate the proposal adaptation 

through the study of pH behaviour as a function of 

time in each water sample at determined chemical 

agent dosages and finally the inhibitors behaviour was 

compared with that obtained by Zhang et al. [18] 

through the analysis of variance (ANOVA) in order to 

establish the fit between these, based on the 

arithmetic means found in both studies. 

Materials and Methods 

Characterization of production water samples 

A set of physico-chemical tests were carried out in 

order to characterize two samples of production 

water from El Furrial oilfield (samples 1 and 2) and the 

other from Oritupano oilfield (sample 3). These tests 

were conducted at Hydrocarbon Processing, Drilling 

and Reservoir Laboratories of Petroleum Engineering 

Department, Universidad de Oriente, Núcleo de 

Monagas, Campus Los Guaritos; and Soil Laboratory, 

Universidad de Oriente, Núcleo de Monagas, Campus 

Juanico, located in Monagas state, Venezuela. 

The physical tests performed were: density [19], 

content of total, dissolved and suspended solids [20] 

and conductivity [21]. Consequently, for chemical 

characterization the following properties were 

determined: pH [22], chloride content [23], calcium 

hardness [24] and alkalinity [25]. 

Also, the Langelier Saturation Index [26] was 

quantified in order to know the scaling or corrosive 

nature of the production water samples. 

Characterization of the scale inhibitor products 

Two commercial inhibitors were physically 

characterized, the first (1) is a mixture of methyl 

alcohol, phosphonic acid salt and acetic acid and the 

second product (2) is an acrylate polymer used as a 

calcium and magnesium carbonate scale inhibitor. 

Additionally, a third (3) chemical agent of an organic 

nature based on linseed gel (Linum usitatissimum) 

was used, developed in a previous research by 

Hernández & Rodriguez [27]. The characterization 

tests carried out on the products were: density [19], 

pH [22], conductivity [21] and viscosity [28]. The tests 

carried out on the water samples and the inhibitor 

products were performed in triplicate, in order to 

have a better results reliability level. 

Scale inhibitor evaluation method adaptation 
according to the ionic concentration determined to 
each sample of production water 

Zhang et al. [18] proposed a methodology based 

on titration with sodium bicarbonate (previously 

defined concentration) to 150 mL of synthetic water 

with a titration rate equal to 2 mL for every 2 minutes 

at a temperature of 25 °C; reaching to study the 

behaviour of pH as a function of time applying 1 ppm 

of the inhibitor to be evaluated through this 

experimental test. After this, they proceeded to 

determine the calcium carbonate supersaturation (S) 

in a purely empirical way, thus quantifying the 

evaluated chemical efficiency. The experimental 

setup of the present study (Figure 1) consisted of a hot 

plate (Magnestir Lab-Line), a 250 mL burette (Cole 

Parmer), a 100 mL beaker with magnetic stirrer and a 

portable digital pH meter (Sartorius, model PT-10). 

 

Figure 1 Experimental setup of the methodology used. 

 

The adaptation generated in this research was 

constituted by the establishment of an equation that 

allowed knowing the ideal sodium bicarbonate 
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concentration to use as a titrant in each characterized 

production water sample, this equation was: 

[𝐁𝐬] = 1.5181 × [Ca2+]  (1) 

Where: 

[Bs]= sodium bicarbonate concentration (ppm) 

[Ca2+]= calcium ion contribution determined in 

each production water sample (ppm) 

Similarly, an initial sample volume was established 

quantified through: 

𝐕 =
[Bs](

g

L
)×150

25.2
   (2) 

Where: 

V = initial volume of sample to be used in the 

titration (mL) 

Then, the study was carried out based on the pH 

behaviour as a function of time in production water 

samples at 50, 100 and 300 ppm dosages of the 

chemical treatments studied, and the tests were 

performed in triplicate. Thus, allowing to quantify S 

through the following equations: 

𝐒 =
A×B

Ksp
   (3) 

Where: 

Ksp = calcium carbonate solubility constant (4.8x10-9 

mol/L) 

𝐀 =
[Ca2+(

mol

L
)]×V

Vf
   (4) 

Where: 

Vf = solution final volume before precipitation 

𝐁 =

4.69×10−11×[
[Bs] (

mol
L )×Vt

Vf
]

10−pHc
  (5) 

Where: 

4.69x10-11= equilibrium constant according to the 

calcium carbonate precipitation reaction 

Vt= Volume of spent titrant (mL) 

pHc= solution pH at the precipitation instant 

Finally, a new equation was established for the 

efficiency determination based on the scale 

precipitation time, which was the following: 

𝐄 =
tp

tmp
 × 100    (6) 

Where: 

E= efficiency (%) 

tp= precipitation time to evaluate (min) 

tmp= maximum precipitation time in the water 

sample (min) 

Statistical comparison of the results obtained 
through the Zhang, Wu, Li and Zhao method 
adaptation in production waters with those 
obtained in synthetic waters 

Through the computer program Statgraphics 

Centurion XVI, this statistical analysis was carried out, 

which allowed us to validate the similarity between 

both behaviours through a simple analysis of variance 

(ANOVA). Similarly, a multifactorial analysis of 

variance was performed on each of the quantified 

efficiencies in order to establish which factors, 

between water sample, dosage and inhibitor type, 

affected the quantified efficiency in each of the 

samples. 

Results 

Figure 2 presents the methodological adaptation 

structure generated for the evaluative method 

proposed by Zhang et al. [18] which allowed 

quantifying the scale inhibiting agent’s efficiency as a 

function of the precipitation time exhibited by the 

water samples. 

 
Figure 2 Zhang, Wu, Li and Zhao method adaptation 
diagram. 

The production water samples physicochemical 

characterization (A) allowed us to know the high 

scaling capacity they have because, as seen in Table 1, 

all the properties combined with each other validate 

what was expressed. Thus, as established in the 

COVENIN 2771-91 standard [24] related to the 

calcium hardness values exhibited by the three 

samples, these can be classified as awfully hard water, 

which allows carbonate compounds to react with the 

calcium present and precipitate in insoluble 

compound form [29-30]. 

Also, the pH values and Langelier Saturation Index 

(LSI) of the water samples give them a highly scaling 

capacity, this because in pH terms, they all obtained 

values greater than 7 classifying them as alkaline 

solutions, being precisely in this type of solutions 

where the calcium carbonate precipitation tendency 

is increased [31]. Regarding the LSI, the samples are 

classified as scaling because this value is greater than 

zero (0) in all cases. 

Table 1 shows a particularly important property in 

this investigation called calcium ion contribution (B) 

which allowed quantifying the sodium bicarbonate 

concentration to be used as a titrant (C) for the 

subsequent determination of the initial sample 

volume to use in titration (D); obtaining sodium 

bicarbonate concentrations equal to 1.5; 0.8 and 0.5 

g/L for production water samples 1, 2 and 3, 

respectively. 
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Table 1 Physicochemical properties of production water samples. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The previous values are low when compared with 

those used by Hernández et al. [17] which were 2.52 

g/L and 5.52 g/L or the one used by Sousa et al. (2016) 

who used 2.1 g/L in its titration, however it should be 

considered that previous research was based on 

evaluating the scale inhibitors efficiency in synthetic 

waters, while in this study production waters were 

used and clearly there is a large compositional 

difference. 

The initial volumes calculated were 8.9, 4.8 and 3 

mL for the analysed water samples (1, 2 and 3); these 

volumes exhibit a behaviour that is directly 

proportional to the sodium bicarbonate 

concentration, thus guaranteeing that the pH 

behaviour is fulfilled as a function of the time 

observed in the original proposal. 

The inhibitors selected for this study (E) were 

characterized obtaining the values in Table 2. They 

show that the commercial products and the 

bioinhibitor are acidic substances (pH<7), whose 

density, in the commercial products, was higher than 

the density of common water, due to their 

compositional nature whose function is to prevent the 

scale precipitation process [5]. 

 
Table 2 Physicochemical properties of scale inhibitors. 

 

 

 

 

 

 

 

The natural antiscaling exhibited a density slightly 

lower than a common water (1.00 g/mL), because 

distilled water was used for its formulation, which by 

nature is water free of solids and salts [32]. These 

properties together with the others reported in Table 

2 show the antiscaling capacity of each product. 

For each characterized chemical agent, three 

dosages were established: 50, 100 and 300 ppm (F), 

thus being able to carry out the respective titration 

(G), which allowed studying the pH behaviour as a 

time function in each production water sample (H). It 

should be noted that this behaviour is since adding 

sodium bicarbonate to the solution increases its 

alkalinity, because the ions responsible for this 

property are carbonates and bicarbonates [33], so the 

solution pH increases when adding sodium 

bicarbonate because it becomes more alkaline. 

In reference to the above, if pH decreases, it 

indicates that there was a loss of carbonate ions that 

is related to the calcium carbonate precipitation. This 

is shown more clearly in Figure 3 specifically for water 

sample number 1. This graph shows that the longest 

precipitation time is seen in the 300 ppm dose of 

commercial inhibitor 1, because it was able to extend 

the flocculation threshold up to 74 minutes. 

Now, if the previous statement is compared with 

what happened in the research by Zhang et al. [18], a 

notable difference is observed because in this study 

highest flocculation threshold was located around 32 

minutes; the difference between two thresholds is 

related to the chemical product dosages used in each 

investigation, because in the original proposal 1 ppm 

of each agent was used while in the present research 

doses up to 300 times higher were used. 

Also, Figure 4 shows that commercial product 2 

showed higher performance in water sample 2, 

because in all its dosages it was able to increase the 

flocculation threshold in a longer time, compared to 

the other chemical agents, resulting in higher 

threshold at dose of 100 ppm for this antiscaling, 

whose precipitation time was in 66 minutes. 

Property Measurement unit 
Production 

water 1 
Production 

water 2 
Production 

water 3 

Density g/mL 1.0803 1.0237 1.0033 

Total solids ppm 53,000 52,000 8,000 

Dissolved solids ppm 49,000 46,000 7,000 

Suspended solids ppm 4,000 6,000 1,000 

Conductivity mS/cm 49.6 30.2 9.7 

Calcium hardness ppm 2.480 1.280 800 

Calcium ion contribution ppm 992 512 320 

Total alkalinity ppm 400 300 1.800 

Parcial alkalinity ppm 0 0 400 

Bicarbonate ions ppm 488 366 2.196 

Carbonate ions ppm 0 0 240 

Chlorides ppm 18,795.76 17,396 2,499 

pH Adim. 7.12 7.18 8.72 

pHs Adim. 6.17 6.59 5.93 

Langelier Saturation Index (LSI) Adim. 0.9421 0.59 2.7885 

Property 
Measurement 

unit 
Commercial 
inhibitor 1 

Commercial 
inhibitor 2 

Bioinhibitor 

Density g/mL 1.2253 1.0368 0.9969 

pH Adim. 5.6 5.42 4.48 

Viscosity cP 13.98 2.95 7.50 

Electric conductivity mS/cm 47.8 44.5 1.013 
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Figure 3 pH behaviour as a function of time in the production water sample 1. 

 
Figure 4 pH behaviour as a function of time in the production water sample 2. 

Regarding sample 3 and its pH behaviour as a 

function of time, illustrated in Figure 5, it can be 

stated that the drop in pH occurred in a shorter time 

if compared to the other two samples, this 

phenomenon of early precipitation occurs because 

this sample is the only one that has carbonate ions in 

solution, which allows the calcium carbonate 

supersaturation point to be obtained faster [34], in 

addition to this, the cause of this phenomenon could 

be associated with high scaling capacity of this 

sample, obtaining the highest LSI (2.7885). 

Also, in Figure 5 it is observed that in the sample 

without added chemical product (blank) the mineral 

scale was precipitated when the first 2 mL of sodium 

bicarbonate was placed, which gives it a high degree 

of supersaturation at initial conditions. Therefore, the 

worst performance was obtained by the bioproduct, 

because it was not able to reduce the degree of 

sample supersaturation, a situation that is causally 

related because bioinhibitors due to their organic 
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nature do not have the same action capacity if it is 

compared with a synthetic nature product [15]. 

Otherwise, the commercial products did show 

optimal performance, being able to lower the initial 

water sample pH, thus giving it a greater capacity to 

tolerate additional carbonate ions in solution, 

specifically the commercial inhibitor 1 at 300 ppm 

delayed the calcium carbonate precipitation for up to 

16 minutes showing a precipitation pH equal to 8.39 

just now when the first pH drop occurred. Regarding 

this specific point, it is observed how, once it is 

reached, the system starts a phase of increase and 

decrease in pH generating a loop effect, which was 

also evidenced in the study developed by Hernández 

et al. [17] with the particularity that in this research 

the effect occurred before reaching the 

supersaturation point. 

 

 

 
Figure 5 pH behaviour as a function of time in the production water sample 3. 

Once the previous behaviour had been analysed, 

the water samples calcium carbonate supersaturation 

(S) was calculated (I), concluding that, due to certain 

inconsistencies shown in Table 3, the antiscaling 

product with the highest S should not be considered 

as more efficient, as considered by Zhang et al. [18], 

because there is no relationship between this variable 

and the precipitation time (tc). 

Table 3 shows that the highest supersaturation for 

water sample 1 (S= 140) is found at a 300 ppm dose of 

commercial inhibitor 2 with a precipitation time of 70 

minutes. Now, if it is compared with the dose of 

commercial inhibitor 1, the precipitation time was 74 

minutes, 4 minutes higher than the previous one, 

however, at this dose of the referred product an S 

equal to 68 is perceived, thus having a clear difference 

if the same efficiency criteria as the original proposal 

were used. 

All this is explained because the equation to 

quantify S is sensitized to give a higher value in those 

doses that achieve higher precipitation pH even when 

the flocculation threshold is higher in other doses; 

inconsistencies of this type are observed in the 

proposal by Zhang et al. [18] specifically between 

ATMP and TPTO-150 scale inhibitors (Table 3). 

For the aforementioned, Sousa et al. (2016) used 

the Zhang et al. [18] methodology but equating the 

solution pH with inhibitor to the solution pH without 

inhibitor (blank), thus guaranteeing that the pH of all 

the dosed samples starts from the same point, being 

more efficient the one that is further from the initial 

pH. 

About water sample 2, Table 3 shows that the 

highest S is found in the 100 ppm dose of commercial 

inhibitor 2, this being consistent with that shown in 

Figure 3 respect to the highest flocculation threshold 

exhibited, however it is observed that for this water 

sample the organic inhibitor has a higher S at the 50 

ppm dose with a precipitation time (tc) of 18 minutes 

compared to the 100 ppm dose of this same product 

whose tc was 26 minutes. 

On the other hand, the supersaturation results in 

water sample 3 show in a more pronounced way the 

fact that the equation used to calculate S does not 

consider the precipitation time because for three 

doses of the bioinhibitor precipitation time was 2 

minutes, while supersaturation shows different 

values, a similar situation occurred in the results 

reported by Zhang et al. [18] between the PTP-0100 

inhibitor and HPMA inhibitor. 
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Table 3 Inconsistencies between supersaturation (S) and precipitation time shown by the production water samples. 

Inhibitor 
Dose 

[ppm] 
Volume of sodium 

bicarbonate used [mL] 
Precipitation time 

(tc) [min] 
Precipitation pH 

(pHc)[adim.] 
S 

[adim.] 

Production water 1 

Commercial 1 300 74 74 8.22 68 
Commercial 2 300 70 70 8.51 140 

Production water 2 

Commercial 2 100 66 66 8.80 47 
Bioinhibitor 50 18 18 7.98 19 
Bioinhibitor 100 26 26 7.85 11 

Production water 3 

Bioinhibitor 50 2 2 8.72 59 
Bioinhibitor 100 2 2 8.75 63 
Bioinhibitor 300 2 2 8.66 51 

Results obtained by Zhang et al. (2012) 

ATMP 1 24 24 8.11 403 
TPTO – 150 1 20 20 8.23 461 

HPMA 1 12 12 8.11 232 
PTP – 0100 1 12 12 8.28 346 

 

Finishing the methodological sequence shown in 

Figure 1, the chemical agent efficiencies (J) in the 

production water samples 1, 2 and 3 were calculated, 

showing the results in Figures 6, 7 and 8 respectively. 

Thus, showing in Figure 6 that commercial product 1 

at 300 ppm dose was the most efficient; Figure 6 also 

shows the products evaluated efficiencies in water 

sample 1 which were directly proportional to the 

doses used, typical behaviour in scale inhibitor 

efficiency studies. This intensifies the premise where 

product with the longest precipitation time is 

considered the most efficient. 

The water sample 2 efficiencies are shown in 

Figure 7, noting commercial inhibitor 2 at 100 ppm 

doses as the most efficient product, it is also 

illustrated that for commercial inhibitor 1 and the 

bioinhibitor agent the efficiency is directly 

proportional to the dose used; however, this 

behaviour does not occur in commercial product 2, 

obtaining greater efficiency at 100 ppm dose 

compared to the 300 ppm dose. This could be due to 

an excess of chemical product depending on the ionic 

concentration and the initial water sample volume, 

causing the salts present in the product to dissociate, 

contributing to the scale formation. 

 

 
Figure 6 Inhibitors efficiency results in production water 
sample 1. 

 

 
Figure 7 Inhibitors efficiency results in production water 
sample 2. 

In contrast to the above, Figure 8 shows the 

commercial inhibitor product 1 (at a 300 ppm dose) as 

the most efficient for water sample 3. In addition, 

commercial product 2 showed behaviour directly 

proportional to the dose used, while commercial 

additive 1 showed an equal efficiency value for the 

dose of 50 and 100 ppm, because none of these doses 

was able to lower the pH enough to allow the sample 

to move away from the supersaturation point that it 

had at initial conditions. The bioinhibitor constant 

behaviour in efficiency terms is due to the 

precipitation times equality at three doses used. 

 

 
Figure 8 Inhibitors efficiency results in production water 
sample 3. 
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In order to validate the pH behaviour obtained in 

this research, a statistical comparison was made with 

the behaviour of the Argo inhibitor, which was the 

product with the best performance in original 

proposal [18]. Appreciating the results obtained in 

Table 4, it is evidenced that according to the simple 

variance analysis in each water sample there was a 

significant statistical difference because the P-value in 

all cases is less than 0.05 because in this study the 

evaluation conditions were quite different from those 

used in the base proposal (different doses, different 

nature water and different chemical products). 

 

 
Table 4 Comparative statistical analysis between the pH behavior produced by the inhibitor Argo in the original proposal and 
the pH behavior obtained in the production water samples. 

Production water 1 

Analysis of Variance (ANOVA) 

F-ratio P-Value 

10.66 0.0000 

Multiple range test 

Inhibitor Dose (ppm) Arithmetic average Homogeneous groups 

Commercial 1 300 6.903 X 
Commercial 1 100 6.977 XX 

Commercial 2 50 7.165 XX 

Commercial 1 50 7.316    XX 

Bioinhibitor 50 7.627       XX 

Bioinhibitor 100 7.767          X 

Commercial 2 100 7.819          X 

Commercial 2 300 7.871          X 

Bioinhibitor 300 7.898          X 

Argo 8.045          X 

Production water 2 

Analysis of Variance (ANOVA) 

F-ratio P-Value 

2.26 0.0192 

Multiple range test 

Inhibitor Dose (ppm) Arithmetic average Homogeneous groups 

Commercial 1 300 7.135 X 
Commercial 2 100 7.415 XX 

Commercial 2 300 7.574 XXX 

Commercial 2 50 7.635    XX 

Commercial 1 50 7.659 XXX 

Bioinhibitor 100 7.709    XX 

Bioinhibitor 50 7.814    XX 

Commercial 1 100 7.834      X 

Bioinhibitor 300 7.898      X 

Argo 8.045      X 

Production water 3 

Analysis of Variance (ANOVA) 

F-ratio P-Value 

40.21 0.0000 

Multiple range test 

Inhibitor Dose (ppm) Arithmetic average Homogeneous groups 

Commercial 2 50 7.398 X 
Commercial 1 100 7.579    X 

Commercial 2 300 7.759        X 

Commercial 2 100 7.865        XX 

Commercial 1 50 7.927           XX 

Argo 8.045              XX 

Commercial 1 300 8.116                 X 

Bioinhibitor 300 8.423                    X 

Bioinhibitor 100 8.543                    X 

Bioinhibitor 50 8.6                    X 

 

 

However, according to Dagnino [35], when in an 

analysis of variance, the P-value is less than 0.05; a 

multiple-range test must be applied to establish which 

the different groups are. For this reason, the results 

obtained from this analysis for each water sample are 

observed in Table 4, noting, the Argo inhibitor average 

efficiency in water sample 1 does not have a 

significant difference with five (5) different levels of 

the scale inhibitors doses used in this research, 
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because the Argo inhibitor shares the same column of 

"X" with these five levels. 

As for the production water sample 2, it exhibits 

the best adjustment, because in it seven pH 

behaviours shown by the evaluated inhibitors did not 

have statistically significant differences when 

compared with the Argo inhibitor. Finally, it is 

observed that in water sample 3 there was an 

adjustment only in two levels, specifically those 

referred to commercial inhibitor 1 at the doses of 50 

and 300 ppm. 

The results obtained in the multiple-range tests 

validate the pH behaviour determined in this research 

and support that there was an adjustment in 14 of the 

27 levels contemplated in the statistical analysis, thus 

generating a similarity with the pH performance 

produced by Argo in the study by Zhang et al. [18] 

despite having been evaluated in different saline 

environments. 

Additionally, a multifactorial analysis of variance 

was carried out on the quantified efficiencies, 

determining according is shown in Table 5 that the 

dosage and inhibitors used in this research had a 

significant effect on the efficiency, because when 

applying different dosages this varies due to the 

greater volume of added chemical product, while the  

inhibitor type significant effect with respect to the 

dependent variable (efficiency) is due to the fact that 

we worked with three chemical products with totally 

different characteristics and properties, which gave 

better performance in those with commercial 

characteristics. On the other hand, the water sample 

type did not have a significant effect on the quantified 

efficiency (P-value > 0.05) (Table 5). 

 
Table 5 Comparative statistical analysis between the pH behavior produced by the inhibitor Argo in the original proposal and 
the pH behavior obtained in the production water samples. 

Effects Sum of squares F-ratio P-Value 

Dosage 4,645.41 9.76 0.0011 

Inhibitor type 7,406.52 15.56 0.0001 

Water sample 1,283.63 2.7 0.0919 

 

The adapted methodology gave favourable results 

for measuring the calcium carbonate scale inhibitors 

efficiency in production waters, not showing 

significant statistical differences for 52% of the total 

levels compared to the original proposal according to 

pH behaviour. 

Conclusions 

The adaptation carried out allowed to simulate pH 

behaviour as a time function evidenced in the original 

proposal, giving acceptable results for measuring the 

scale inhibitors efficiency in production waters, using 

the longest precipitation time as an efficiency 

criterion, which is lower in those water samples that 

have carbonate ions in solution in initial conditions, 

due to the high saturation degree that these ions 

confer on the water, however, in order to optimize the 

methodology proposed in this research, it is 

recommended to propose a new equation for the 

efficiency determination in which the precipitation 

time and calcium carbonate supersaturation are 

related, in addition to expanding the action field of 

this methodology by defining a titrant agent that 

allows evaluating the scale inhibitors efficiency using 

water that generates calcium sulfate scale. 
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