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Abstract 

Volvo Cars is a well-known company and they are selling their cars all over the world. Today, 

Volvo Cars send their engine coolant to the supplier of engine coolant for analysis. This 

process is complicated and takes a lot of time. It is in the interest of Volvo Cars to be able to 

analyze the engine coolant themselves. In order to do that, a method where they can analyze 

the engine coolant must be developed. This exam work aim to develop a method where it is 

possible to analyze the concentration of organic acids in Volvo´s engine coolant with a High 

Performance Liquid Chromatography - HPLC. The organic acids are inhibitors that protect 

the materials in the engine from corrosion when in contact with the engine coolant. 

The method is developed in several steps. First it is important to know how different organic 

acids could be analyzed with an HPLC. HPLC-analysis is very dependent of the instrumental 

parameters. The parameters you change when developing a method are pH, kind of column, 

wavelength of the detector, kind of detector, flow rate in the column, injections volume, 

composition of the eluent (solvent) and, analysis time. Calibration curves are created and 

could be used as a reference in further analysis. Three of the five organic acids that were 

supposed to be analyzed were possible to analyze. Three organic acids were analyzed with 

one method and the two remaining organic acids with another method. The only difference 

between the methods is the wavelengths of the detector. 

Keywords: engine coolant, antifreeze, heat exchange fluid, HPLC, method development, 

organic acids, reversed phase and, UV-detector 

 

 

 

 

 

 

 

 

 

 



 

Sammanfattning 

Volvo Cars är ett välkänt företag som säljer bilar över hela världen. Idag skickar Volvo Cars 

sin kylvätska till leverantörer för analys. Processen är komplicerad och tar mycket tid. Det 

finns ett intresse hos Volvo Cars att själva kunna analysera kylvätskan. För att kunna göra 

detta krävs det att en metod som de kan använda för att analysera kylvätskan utvecklas. 

Examensarbetet syftar till att utveckla en metod som gör det möjligt att analysera 

koncentrationen av organiska syror i Volvos kylvätska. Analysen ska göras med hjälp av en 

High Performance Liquid Chromatography - HPLC. De organiska syrorna är inhibitorer som 

skyddar material i motorn från korrosion när det kommer i kontakt med kylvätskan. Metoden 

utvecklas i flera steg, det är viktigt att veta hur olika organiska syror kan analyseras med en 

HPLC. HPLC-analyser är mycket beroende av de intrumentella inställningarna. 

Inställningarna som ändrar när metoden utvecklas är pH, typ av kolonn, våglängd på 

detektorn, flödeshastighet i kolonnen, injektionsvolymen, sammansättning av eluent 

(lösningsmedel) och analystid. Kalibreringskurvor konstrueras för att sedan kunna användas i 

fortsatta studier. Tre av fem organiska syror som skulle analyseras var möjliga att analysera 

med två olika metoder. Den enda skillnaden mellan metoderna var våglängden på detektorn. 

En av de organiska syrorna hade en mer linjär kalibreringskurva vid en högre våglängd. 

Keywords: kylvätska, HPLC, metodutveckling, organiska syror, UV-detektor, reversed 

phase 
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1. Introduction 

Volvo Cars Corporation currently sends its engine coolant samples to a supplier for analysis. 

This is a complicated process that takes a lot of time. It is in the interest of Volvo Cars to 

develop a method by which they will be able to analyze the coolant themselves.  

The project aims to develop a method, with which you can analyze the quantity of corrosion 

inhibitors with High Performance liquid chromatography, HPLC. Focus lies on organic acids 

in the engine coolant; acid A, acid B, acid C, acid D and, acid E. Two different engine 

coolants were analyzed and they are Volvo’s own engine coolants. 

1.1 Purpose 

The purpose of the project is to develop a method for quantitative analysis of organic acids 

and other corrosion inhibitors in engine coolant for HPLC.  

1.2 Question of the exam work 

 Which corrosion inhibitors are relevant to analyze with the developed method? 

 Is it possible to analyze more than one organic acid with the same method? 

 Is it possible to analyze different engine coolants with the method?  

 Is the method reproducible? 

1.3 Delimitations 

The project is at first supposed to develop a method where it is possible to analyze organic 

acids in the engine coolant used by Volvo Cars. It is of interest to analyze other components 

of the engine coolant such as inorganic salts and azoles which also are corrosion inhibitors. 

The different kinds of corrosion inhibitors are mentioned even if they are not possible to 

quantify with some of the methods or analyzed at all. The analysis is made with two different 

engine coolants referred as engine coolant 1 and 2. It is not verified if the method works with 

other engine coolants.  

2. Theory 

2.1 HPLC 

2.1.1 HPLC – Driving forces 

The purpose of a high performance liquid chromatography (HPLC) is to separate, identify, 

and quantify different substances in a solution. The separation takes place when substances 

are flushed over a solid surface which is an absorbent material. Different components will 

interact differently with this adsorbent material. Because of different interactions between 



2 

component and adsorbent material the component will reach different flow rates over the 

adsorbent material. When the components are moving in different flow rates, they will 

separate and will be detected at different times. The interactions depend on the polarity of the 

adsorbent material and the components. A polar material will have more interaction with 

another polar material than an non-polar material.. The eluent passes through the system with 

a high pressure which is maintained by a pump. A high pressure is needed to force the eluent 

through the packed material with opposite polarity than the substance being analyzed. 

(Simonsen 2013). The substance that is supposed to be analyzed could be polar or non-polar. 

This is important information in order to be able to choose the correct solid material in the 

HPLC. 

2.1.2 HPLC – Stationary phase 

The stationary phase is the column. The choice of column is crucial for the chromatographic 

separation process. The relative polarities between stationary and mobile phase decides how 

fast a series of substances can pass through the column and how much their velocity 

differentiated during the passage (Simonsen 2013). The column material is a solid absorbent 

material. Different substances interact differently with the absorbent material of the column 

which leads to different flow rates of each substance when passing through the column. With 

different flow rates, the substances reach the detector at different time intervals and are 

thereby separated (Harris 2007). There are different kinds of stationary phases and which kind 

being used depends on the substance being analyzed. According to theoretical studies, a 

reversed-phase HPLC was the best option for the project thus a polar mobile phase was used.   

2.1.3 HPLC – Mobile phase 

The mobile phase is both eluent and sample. The eluent is used so that the different sample 

components is transported with varying velocity through the chromatograph’s system 

stationary phase. When the mobile phase passes the stationary phase, the different polarities 

of the stationary phase and the mobile phase will cause separation of the components in the 

sample, see 2.1.1 HPLC – Driving forces. The eluent is often composed by different liquids 

(Simonsen 2013). 

The composition of the eluent differs from analysis to analysis. You can either use a gradient 

or isocratic eluent. If you use an isocratic eluent the composition of the eluent does not change 

during the analysis (Simonsen 2013). There are some problems that are associated with 

isocratic analysis. One thing is when the range of the substances analyzed have different 

polarities, some substances may be poorly retained and resolution is lost with peaks eluting 

too fast. It is possible that some substances will be irreversibly adsorbed on the column and 

cause contamination. It could also cause increase in peak width and decrease in peak height 

for later eluting peaks. The mobile phase is being altered during the analysis when running a 

gradient analysis. An isocratic analysis does not take as much time as a gradient analysis. 

Isocratic analysis does not require as expensive instrument as the gradient analysis but on the 

other hand, isocratic analysis is not as accurate as gradient analysis. A lot of the problems 

caused by using an isocratic eluent could be reduced by using a gradient analysis (Harris 

2007).  

As an example, poorly separated peaks can be separated if the gradient has a lower content of 

acetonitrile. Since acetonitrile is a strong eluent it will elute the peaks earlier and sometimes 

even at the same time, this means that two or even three peaks could be detected as just one 

peak. Using a gradient that starts with a lower content of acetonitrile and then increasing the 
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acetonitrile content as the analysis progresses would make it possible to separated desired 

peaks that were not separated or detected as double peaks from the beginning. When the 

gradient eluent composition is composed just right, all peaks are separated and even the last 

peak has a good shape (Simonsen 2013). 

If a gradient elution is used the column will be brought out of its equilibrium as it gets 

exposed by heavy eluent composition changes. It is needed to add an equilibration time 

between every sample to bring the column back to its initial equilibrium before starting the 

next analysis. The time needed can vary and it correlate with the volume of the column 

(Simonsen 2013). 

The eluents used should be HPLC- grade which means filtrated with 0.2 µm filters under 

vacuum and degassed. The eluents needs to be degassed because after the passage through the 

high pressure in the column, the gases could be released as air bubbles when the pressure goes 

back to normal atmospheric pressure. These gas bubbles disturb the signal from the detector 

and in worst case scenario give false peaks. Also, dissolved gases increase the absorbance of 

the eluents which disturb the signal from the detector as well. Degassing under vacuum can 

effectively be combined with the filtration under vacuum.  

There should not be any organic material or salts in the water used in the eluent composition. 

The water must be filtrated trough 0.2 µm filters under vacuum (Simonsen 2013).   

Flow rate is another parameter that affects the chromatograph; a higher flow rate elutes the 

compounds earlier and increases their resolution as the compounds get eluted quicker. On the 

other hand, if the flow rate is too high, the pressure in the column increases. Too high 

pressure can damage the cell window in the detector (Sigma-Aldrich). 
 

2.1.4  HPLC - Detector 

The most commonly used detector for the instrument HPLC is the UV-detector (Simonsen 

2013). The UV-detector measures the absorbance of the mobile phase that passes out from the 

column. The wavelength is supposed to be selected in the range where the material being 

analyzed gives as much absorbance as possible. The maximum absorbance of different 

components in the sample will be at different wavelengths, a compromise of the wavelength is 

often needed (Simonsen 2013). 

The different components in the sample being analyzed with the HPLC will be separated over 

the stationary phase. Because of different concentration, some diffusion will happen of the 

molecules in the interface between the belt and the pure eluent. This means, when the sample 

has left the column, it will not be as a strict demarcated belt. The concentration will be highest 

in the middle and decrease to the edge of the belt. When the belt passes through the detector, a 

signal will be detected with a proportional to the belt concentration and a symmetric peak is 

created. This requires that the belt of the component concentration is symmetric as well, a 

good method will result in a symmetric peak (Simonsen 2013).  
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2.1.5 High Performance Liquid Chromatography – HPLC 

 

Figure 1 Schematic picture over the HPLC system (Wikipedia 2017). 

1. Containers with eluents, acetonitrile or methanol as an example. 

2. Filter to remove bubbles. 

3. Tap where proportions between the solvents can be adjusted.  

4. Mixing point of the solvents.  

5. High pressure pump. 

6. Gear where two modes can be adjusted. Either inject mode or work mode.  

7. Sample injector. 

8. Guard column. 

9. Main column. 

10. Detector. 

11. The data is collected. 

12. Waste. 

See figure 1. 

2.2 Analytical chemistry 

This exam work aims to develop a method where it is possible to quantify the corrosion 

inhibitors in engine coolant. In order to determine an unknown concentration a calibration 

curve must be created for each substance that is being quantified. A calibration curve is also 

known as a standard curve and is a general method for determining the concentration of a 

substance in a sample with unknown concentration. The sample with unknown concentration 

is compared with a set of samples with known concentration. The method is useful within the 
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concentration range of the dilution series. A calibration curve shows the response of the 

method to known quantity of analyte (Harris 2007). The analyte is the sample being analyzed. 

The calibration curve in this case is created from the correlation of peak size and amount 

substance in the sample. Peak size is the area of the peak in the chromatogram. The 

calibration curve should be linear and the coefficient of determination (R2) is interpreted as 

the proportion of the variance in the dependent variable that is predictable from the 

independent variable. The R2 is the square of the correlation between predicted value and 

actual value and ranges from 0 to 1. If R2 is 0, it means that the unknown value cannot be 

predicted and the method is useless when determine an unknown concentration. When the R2 

is 1 or very close to 1, the unknown value can be predicted and the result is most likely to be 

correct (Stat Trek 2017).  

2.3 Engine coolant system 

Engine coolant is the liquid that flows through the engine. The liquid exchange heat and keeps 

the engine from overheating. The engine coolant transfers the heat from the hot engine to 

itself for dissipation in the radiator. The coolant provides improved performance over usual 

water from the tap because it contains glycol and corrosion inhibitors that prevent sediment 

buildup, premature coolant system component failure. The radiator transfer heat from the 

circulating coolant to the air passing through it. Heated coolant flows into the top of the 

radiator from the engine (How a car works 2017). 

The engine coolant must not freeze or boil, and therefore glycol is an important compound of 

the engine coolant. If the coolant reaches the boiling point it loses its heat exchange capacity 

as vapor does not carry heat as good as liquids. In engine coolant today there is approximately 

50% ethylene glycol (American Society for Testing and Materials, (ASTM) 1989). Ethylene 

glycol is used in engine coolant because of its thermal properties. It is the composition of 

water and ethylene glycol that gives the low freezing point. A mixture of 50/50 volume-% 

gives a boiling point at around 108 oC and a freezing point at around –40 oC. Ethylene glycol 

based engine coolant gives a solution with a stability over a wide temperature range and the 

high boiling temperature is necessary for a higher combustion. (Wikipedia 2017).  

2.4 Corrosion inhibitors of the engine coolant  

Organic acids are organic compounds with acidic properties. Organic acids are in general 

weak acids which means that they do not dissociates completely in water. It does exist organic 

acids that are insoluble in water, in engine coolant all existing organic acids are solvable in 

water. It is of importance to know the different dissociating constant (pKa) because it 

categorizes the strength of the acid and therefore also affects the pH.  

 

Azoles are a class of five-membered heterocyclic compounds. The azoles contain a nitrogen 

atom and at least one other non-carbon atom (Wikipedia 2017). The purpose of azoles in 

engine coolant is to prevent corrosion in yellow metals (Lytron 2017). 

 

Nitrite and nitrate are inorganic salts that can be found in some engine coolants. The main 

purpose of nitrate is to prevent corrosion on aluminum and solder. Nitrite on the other hand 

protects iron and steel against corrosion (Lytron 2017). 
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3. Method and material  

3.1 Pilot studies  

At the beginning of the project a lot of literature studies were made. There exist methods to 

analyze engine coolant with an HPLC – instrument but these methods are not easy to find 

because companies offer their services to analyze the engine coolant for you. The studies aim 

to get as much information as possible about the different compounds that were supposed to 

be analyzed. The most important thing was to find out how these compounds had been 

analyzed with the HPLC before.  

Assumptions were made from earlier experiments where organic acids were analyzed with 

HPLC. At first, information about the different compounds was concluded to get an overview 

about a possible analyze method. Corrosion inhibitors were divided into three groups: organic 

acids, azoles and inorganic salts.  

All focus was aimed at the organic acids because it was easier to find information about 

HPLC-analysis were these compounds had been analyzed. Lab reports with data about the 

experiment were read through and some suggestions about a possible analysis method were 

made. These suggestions were applied and standard solutions were prepared. 

3.2 High performance liquid chromatography 

The HPLC consisted of a Star 9100 Auto sampler, Star 9050 Variable wavelength UV-vis 

detector, and a Star 9012 solvent delivery system from Varian. The data was processed using 

a Star chromatography workstation software. Chromatographic separations were performed 

using an ACE 5 C18-HL column (150 mm x 4.6 mm, 5 µm) with a Waters guard column 

Nova-Pak C18 Guard-Pak. The buffer solution was filtered using 0.45 µm Millipore filter. 

The HPLC was programmed to stop analyzing and shut down if the pressure reached 250 

Atm, this was a precaution. Acetonitrile was used as blank in every sample analyzed 

throughout the whole project.  

3.3 Preparation of standard solutions 

Engine coolant samples were prepared with 1 volume-part engine coolant and 9 volume-parts 

water. The final volume was 10 ml. 

3.3.1  Acid A 

 

Acid A was weighted to 0.2 g and then diluted with 50 ml of water and 50 ml of acetonitrile. 

The concentration of acid A was 0.2 w/v-%. Acid A was then diluted seven times and each 

time the concentration was halved. The volume ratio between water and acetonitrile was kept 

as 50/50. 
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Chart 1. List if concentrations of acid A as standard solutions 

 

 

 

 

 

 

 

 

Acid A was prepared with the concentration 0.05 w/v-% in three 100 ml volumetric flasks 

containing 25, 30 and 40 v/v-% glycol respectively and the rest acetonitrile and water with a 

50/50 ratio of the remaining volume. 

The reason why standard solutions were prepared with and without glycol was to analyze the 

possible interference of glycol when analyzing a sample with the HPLC, thus engine coolant 

contains approximately 40-60 v/v-% glycol depending on the coolant.  

3.3.2 Acid B  

 

Acid B was weighted to 0.3 g and then diluted with 50 ml of water and 50 ml of acetonitrile. 

The concentration of acid B were therefore 0.3 w/v-%. Acid B was then diluted three times 

and each time the concentration was halved. The volume ratio between water and acetonitrile 

was kept as 50/50. 

Chart 2. List of concentration of acid B as standard solution 

 

 

 

 

 

 

Acid B was prepared with the concentration 0.3 w/v-% in a 100 ml volumetric flask 

containing 60% glycol and the rest acetonitrile and water with a 50/50 ratio of the remaining 

volume.  

  Acid A 

Sample 
Concentration w/v-
% 

1 0,2 % 

2 0,1 % 

3 0,05 % 

4 0,025 % 

5 0,013 % 

6 0,0063 % 

7 0,0031 % 

8 0,0016 % 

  Acid B 

Sample 
Concentration w/v-
% 

1 0,3 % 

2 0,15 % 

3 0,08 % 

4 0,04 % 



8 

3.3.3 Acid C  

 

Acid C was weighted to 0.02 g and then diluted with 50 ml of water and 50 ml of acetonitrile. 

The final concentration was 0.02 w/v - %. The solution with acid C was then diluted three 

times and each time the concentration was halved. The ratio between water and acetonitrile 

was kept as 50/50. 

Potassium hydroxide or sodium hydroxide were used to increase acid Cs´ water solubility. 

About 0.5 g potassium hydroxide or 1.3 g sodium hydroxide was used to make sure all the 

acid C is completely solved in the sample. 

Chart 3. List of concentration of acid C as standard solution 

 

 

 

 

 

3.3.4 Acid D 

 

Acid D was measured to 4 ml and then diluted with 48 ml of water and 48 ml of acetonitrile 

to 100 ml. The final concentration of the acid D was 4 v/v -%. Acid D was then diluted three 

times and each time the concentration was halved. The ratio between water and acetonitrile 

was kept as 50/50. 

 Chart 4. List of concentration of acid D as standard solution 

 

 

 

 

 

3.3.5  Acid E 

 

Acid E was measured to 0.08 ml and then diluted with 10 ml of water and 10 ml of 

acetonitrile. The final concentration was therefore 0.4 v/v-%. No further dilution was made 

with acid E from this sample. It was analyzed with the HPLC but not further diluted.  

Another sample was prepared with acid E but with the final concentration of 0.3 v/v-%. This 

solution was then diluted four times and each time the concentration was halved. These 

  Acid C 

Sample 
Concentration w/v-
% 

1 0.02 % 

2 0.01 % 

3 0.005 % 

4 0.0025 % 

  Acid D 

Sample Concentration v/v-% 

1 4 % 

2 2 % 

3 1 % 

4 0,5 % 



9 

concentrations were supposed to be more alike an original engine coolant and therefore more 

relevant to analyze.  

 Chart 5. List of concentration of acid E as standard solution 

 

 

 

 

 

3.3.6 Standard solution containing a mix of organic acids  

 

A standard solution was prepared containing 0.412 g acid E, 0.500 g acid C and 0.100 g acid 

B in a 100 ml volumetric flask diluted with 50 ml water and 50 ml acetonitrile. The standard 

solution was diluted 
1

10
 in a 10 ml volumetric flask and was then further diluted 

1

2
 six 

additional times. 

 

Chart 6. List of concentration of the different organic acids in mixed standard solution 

 

 

 

 

 

 

 

 

3.4 Preparation of buffer solution 

It is important to maintain a stable pH throughout the analysis, therefore a pH buffer is used. 

A difference of the pH could interfere with the analysis and give untrustworthy results. When 

choosing a buffer it is important to know what kinds of substances are going to interact with 

the buffer. The buffer must not contain the same substances as the sample because some 

interference of the quantitative analysis could happen. At first, a pH 7 buffer was used, 

disodium hydrogen phosphate/potassium dihydrogen phosphate. The buffer was chosen 

  Acid E 

Sample Concentration v/v-% 

1 0.3 % 

2 0.15 % 

3 0.075 % 

4 0,038 % 

5 0,019 % 

Sample Acid B (w/v-%) Acid C (w/v-%) Acid E (w/v-%) 

1 0,01 0,05 0,04 

2 0,005 0,025 0,02 

3 0,0025 0,0125 0,01 

4 0,00125 0,0063 0,005 

5 0,00063 0,0031 0,0026 

6 0,00032 0,0016 0,0013 
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because of its pH and components. The buffer was filtrated with 0.45 µm filter and then 

diluted 
1

10
 with water that was first degassed.  

A HPLC grade buffer solution with pH 8, Boric acid/Sodium hydroxide/hydrogen chloride, 

was also used to find out if the peak resolution could be increased. The buffer was diluted 
1

2
 

with degassed water. 

3.5 Method development  

In the development of a quantitative analysis with HPLC, a lot of different methods were 

tested. The pre studies of different earlier experiments gave an indication of which directions 

the experiments should start at. Acid A, acid B, acid C, acid D and acid E were analyzed. Four 

different concentrations were used for each substance not including acid E. The purpose of 

analyze different concentrations was to create a calibration curve for each subject. The 

concentrations used for every sample is presented in chart 1-4 above. These samples were 

then analyzed with different methods in order to find a method suited to analyze all different 

samples in one run.  The reason why acid E have no dilution series was because there was 

very limited supply of the acid. The calibration curve of acid E was made from the dilution 

series in the combined standard solution containing acid B, C and E. 

3.5.1 Analysis with engine coolant 1 

 

Two different methods were tested when analyzing the engine coolant 1, see methods 67 and 

68 in attachment 1. There was some problem analyzing engine coolant 1, the pressure 

increased and then no peaks at all was shown when performing analysis. A decision was made 

that no more analysis would be made with engine coolant 1, at least not with the current 

column. Engine coolant 1 contains acid A, C and, acid D.  

3.5.2 Analysis with engine coolant 2 
 

When analyzing engine coolant 2 the focus was on finding all peaks. If the peaks of the 

organic acids are not found when analyzing the engine coolant, it is impossible to perform a 

quantitative analysis. The methods changed to either find more peaks, separate peaks, makes 

the peaks elute earlier and, gives the peaks the right shape, see attachment 1 for all methods 

tested. Engine coolant 2 contains the organic acids acid C, acid B and, E.  

Analysis with spiked engine coolant 2 was performed in order to determine which peaks 

presented which substance. All methods tried with spiked engine coolant 2 is found in 

attachment 1. The spiked sample is engine coolant with extra content of a known acid the 

analyst is looking for.  

In those samples where engine coolant 2 was spiked with acid E, the peaks got a bad shape. 

The peak was thick with a long tail that did not go back to the base line.  

The shape indicated that the concentration was probably too high. Samples with 
1

2
 (1 part 

engine coolant and 1 part water with a total volume of 10 ml) diluted engine coolant were 

analyzed, the concentration is halved. The purpose of the analysis were to determine if it is 



11 

possible to analyze the engine coolant at a lower concentration. The diluted engine coolant 

gave good results which means that a new spiked acid E sample could be prepared but with a 

lower concentration and most probably get better peaks.  

Engine coolant 2 spiked with acid B gave good peaks and no dilution is needed when 

quantifying acid B even though the methods could be combined but the hypothesis is not 

verified because of limited time. 

3.5.3 Equilibration time 

 

To calculate the required equilibration time for the system to recover from the large 

composition changes using a gradient eluent the volume of the column must be known. The 

length of the column is multiplied with the radius squared two and pi, see equation 3.5.3.1. 

𝑉 = 𝜋 × 𝑟2 × 𝐿                                                                                                (Equation 3.5.3.1) 

It is recommended to rinse 3-5 times the columns volume (Simonsen 2013). Difficultly eluted 

organic acids were used, therefore the rinse was set to 5 times the column volume. The flow 

rate differs between methods but it is rarely lower than 0.7 ml/min which gives a base to 

calculate from. 

The total volume, V, calculated with equation 3.5.3.1 is multiplied with 5 and then divided by 

the flow rate, see equation 3.5.3.2. 

𝑉×5

�̇�
= 𝐸𝑞𝑢𝑖𝑙𝑖𝑏𝑟𝑎𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒                                                                             (Equation 3.5.3.2) 

�̇� Presents the flow rate, 0.7 ml/min. The rinse time was calculated to 22.74 minutes. Since 

the flow rate differs from method to method and some of the organic acids are difficult to 

elute, a standard equilibration time of 25 minutes was used. 

4. Results 

4.1 Results when analyzing engine coolant 1 

Even though the project was concentrated around the organic acids, a method where you can 

analyze all the organic acids is not developed. Acid A is only found in engine coolant 1 and 

because of troubles analyzing engine coolant 1, a method where you quantitatively could 

determine the acid A is not developed.  

Acid D was difficult to analyze and we think this organic acid is the reason why engine 

coolant 1 was impossible to analyze with our methods. When analyzing acid D, the peaks did 

not exist and there was errors with very high pressure in the column. It seems like the acid D 

clogs the column which results in no material to detect for the detector and therefore no peaks.  

4.2 Results when analyzing engine coolant 2 

In addition to the settings in the charts, the methods also include rinsing the HPLC with 

acetonitrile (AcN) at least 30 minutes before analysis and every two days if the analysis have 
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been running continuously. Washing three times between every sample to make sure all 

material from the sample before is washed from the column. Rinsing the HPLC with AcN for 

30 minutes before turning the instrument of is a good rule to make sure all material is gone 

from the column. Running a blank sample between every new analysis of samples with 

different concentration and contents is a good way to make sure that there is no unpredicted 

contamination in the column, the blank sample should give the same result in every run. Run 

every sample two times to make sure that you can trust the analysis, both runs should give the 

same result, see chart 7.  

Chart 7. Description of the methods in addition to the instrument settings 

  

 

 

 

 

 

 

 

When preparing samples to be used with the developed method, the engine coolant is diluted 
1

10
 with degassed water. The standard solution is filtrated with 0.2 µm filter.  

Two different methods is used when analyzing the engine coolant, method 70 and 71. The 

methods are presented in attachment 1 and also in chart 8 and 9 below. 

 

Chart 8. Presents the instrumental settings of method 70 

 

 

 

 

 

 

 

Start 
Rinse the HPLC with AcN for 30 
minutes 

Analysis Blank 

  Wash three times 

  Sample 1 

  Wash three times 

  Sample 1 

  Wash three times 

  Blank 

Finish 
Rinse the HPLC with AcN for 30 
minutes 

Method Flow rate Wavelength pH Gradient Water buffer/AcN  
Analysis 

time 
Injection 
volume 

70 
0.7 

ml/min 210 nm 
7 

80/20 to 65/35 (at 7 min) to 95/5  
(at 9 min) 15 minutes 15 µl 
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Chart 9. Presents the instrumental setting of method 71 

 

 

 

With method 70, acid B are analyzed and method 71 are used when analyzing organic acids C 

and E. 

Figure 2 shows the chromatogram when a standard solution of only acid B was analyzed with 

method 70 in order to determine the retention time acid B. 

 
Figure 2. Standard solution series of acid B. 

Acid E standard solution was compared with the mixed standard solution to determine which 

of the peaks indicated Acid E, see figure 3. 

Method Flow rate Wavelength pH Gradient Water buffer/AcN  
Analysis 

time 
Injection 
volume 

71 
0.7 

ml/min 190 nm 
7 

80/20 to 65/35 (at 7 min) to 95/5 
(at 9 min) 15 minutes 15 µl 
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Figure 3. Determination of which peak is Acid E 

The mixed standard solution only contains acid B, E and, C why it can be concluded that the 

first peak represent acid C.   

The mixed standard solution series was analyzed with method 71 and it is easy to see where 

the peaks should be found of each substance in the engine coolant, see figure 4. 

 
Figure 4. Standard solution dilution series chromatogram used to determine where the peaks of acid B, C, and, E 

are found in engine coolant. 

As shown in figure 4, it is possible to analyze acid B with method 71, however the peaks has 

a better shape when analyzing with method 70 (compare with figure 2). 

Calibration curves were made for the three organic acids that was successfully analyzed with 

a developed method. See figure 5, 6, and, 7. 
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Figure 5. Illustrates the calibration curve of acid B. 

 

 
Figure 6. Illustrates the calibration curve of acid C. 

 

 
Figure 7. Illustrates the calibration curve of acid E. 

As shown in figure 5, 6 and, 7, the calibration curves are linear. It is possible to use the curves 

to determine the concentration of organic acids in samples with unknown concentrations if 

comparing with the calibration curves. The concentration of the unknown substance must lie 
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in between the concentration found in the calibration curve. The lowest verified concentration 

for analysis for acid B is 0.0003215 w/v-%. For acid C the lowest verified concentration for 

analysis is 0.001563 w/v -%. For acid E the lowest concentration possible for analysis is 

0.001288 w/v-%. 

The method was tested with another engine coolant that had not been analyzed before the 

method was developed. This new engine coolant had been analyzed by another company and 

our results were compared with the result from the other company’s analysis. The 

concentrations between our results and the other company´s result are not possible to compare 

because we do not have the answers for the different organic acids. We know the 

concentration of acid B and C but not of acid E. We got a result of acid B to be a third of the 

amount in the other company´s results. We calculated our amount of acid C to be 82 % of the 

other company´s amount. We compared the result in w/w-% because the other company had 

all their results in w/w-%. The difference could be affected by the dilution of the samples. It 

was known that the other company had diluted their samples much more than we had at first, 

maybe, even more dilution would give a more alike result as the other company. 

The idea about diluting the engine coolant at least 10 times was a tip from a colleague at 

Volvo cars who works with analysis of engine coolant. HPLC-instrument is very sensitive and 

we noticed that dilution affects the results. We got a better result, according to the peaks, 

when we diluted but maybe some more dilution was needed. 

5. Discussion  

It is possible to analyze acid B with both method 70 and 71. The only difference between 

method 70 and 71 is the wavelength of the detector and we thought that the peaks of acid B 

was better using method 70. Acid E gives a small peak in the diluted engine coolant sample, 

this means that contaminations could easily hide the peak if present. The peak of acid C starts 

to split at higher concentrations which might lead to problems when analyzing and calculating 

the results. Acid C got properties as a carboxylic acid and it could affect the results. This 

could also affect the linearity of the calibration curve as the higher concentrations could 

deviate a lot more from each other. Higher concentration of the sample could interfere with 

the column in a way that makes the peak get different shapes. In some cases the peak got 

tailing but in some cases the peak could get an extra peak which makes the peak look like it 

starts to split.  

It is difficult to compare the developed method with already existing methods analyzing 

engine coolant because it is not possible to find a complete method to use when comparing. 

The method does follow the theoretical knowledge about HPLC and how to perform analysis 

with the instrument.   

The coefficient of determination, R2, is near 1 in all three calibration curves. The unknown 

concentration in a sample of engine coolant is most likely to end up at or very near the 

calibration curve and give a trustworthy result.  

The method used when developing the analysis method could have been improved. At first, a 

lot of different samples were analyzed at the same time with the same method. It was hard to 

figure out which components clog the column for example. Later on, we tried to only find the 

peaks when analyzing the engine coolant. This process should have been done earlier in the 

project instead of beginning with analyzing standard solutions because in some cases we got 
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peaks when analyzing the standard solution but not the engine coolant. Of course it should 

have been easier to get results if we knew earlier that the engine coolant must be diluted at 

least 10 times in order to get trustworthy result. Maybe the samples should be diluted even 

further but there was no time to analyze a more diluted sample.  

6. Conclusion 

The aim of the project was to develop a method where it is possible to quantify the corrosion 

inhibitors in engine coolant. Two methods were developed and three organic acids could be 

determined quantitatively. The difference between the methods is the wavelength of the 

detector. The acids are analyzed better at different wavelength therefore two different 

methods were developed. One demarcation was the focus on organic acids in engine coolant 

instead of all corrosion inhibitors and therefore most part of the purpose of the project is 

fulfilled.  

The corrosion inhibitors that are relevant to analyze with the methods developed are acid B, C 

and, E. Acid C and E are analyzed with method 71 and acid B is analyzed with method 70. 

The methods were tested with three different engine coolants and it was possible to analyze 

them all but with different methods depending on which substance being quantified. The 

methods are reproducible. This is known because the methods have been tried several times 

with same results. 

6.1 Ideas about further research  

It would be interesting to try if methanol as an eluent instead of acetonitrile could give better 

resolution of the peaks in the analysis. Acetonitrile is used more often because it is known to 

give the best resolution for most of the substances analyzed. In some cases, methanol could 

make the peaks get better shape and yield a better selectivity. Methanol may not be the right 

eluent for all analyzed substances found in engine coolant but maybe it can be better than 

acetonitrile for some of them. It is important to remember that the UV- cut off for methanol is 

195 nm and acetonitrile has a UV- cut off at 190 nm (Simonsen 2013). Method 71 is not 

possible with methanol as eluent because the wavelength is 190 nm.  

Using pH 8 did not give any good results in the analysis. The concentration of the buffer 

might have been too high. It is possible that pH 8 buffer rinsed the column and when the pH 8 

buffer rinsed the column, some substances were eluted and therefore we got some tailing. The 

tail indicated different results from earlier analysis and the conclusion is that some substances 

were eluted when using pH 8 buffer, some other buffer solution could have worked out with 

better results. Maybe the pH 8 buffer solution interacts in a different way with a different 

column. If the pH 8 buffer was used as eluent for a longer time, it could have worked out 

better. The organic acids could get different properties when mixed with the pH 8 buffer, the 

pH affects the different parts of the molecules in the organic acids though organic acids have 

got both polar and non-polar parts. It would be interesting to analyze the results of pH 8 of 

each organic acid more thoroughly but there was no time for that.  

When analyzing organic acids, three different main modes are used, these are ion exclusion, 

ion exchange and reversed phase. Reversed phase is not always optimal when analyzing 

organic acids so it would be interesting to try analyzing the organic acids with an ion 
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exchange column. The ion exchange column separates the substances due to their dissociation 

constant instead of polarity (Shimadzu n.d.). It is important to keep in mind that all the 

components in engine coolant could be analyzed with a reversed phase column; this is not 

possible with ion exchange. 

Newer reversed phase columns are more suited for analysis of organic acids compared to the 

old ones. If the reverse phase column would work for the organic acids in question it would 

be able to analyze all substances in the engine coolant using only one method and one 

column. 

It would be interesting to try to analyze a diluted sample of engine coolant 1 (Older version of 

engine coolant) with the hope that if there is a lower concentration of acid D it would not clog 

the column. This would then lead to the possibility to analyze engine coolant 1 with method 

70 and 71 without damaging the instrument.  

A newer HPLC might also be able to change the method while running samples, this would 

give the opportunity to merge method 70 and 71 into one method where the detector changes 

the wavelength to 210 nm before the acid B peaks are analyzed. This would reduce the 

required time to run the sample analysis. 

When analyzing acid D, it might have been better with a more diluted solution. It is possible 

that a lower concentration would not clog the column as it does when analyzing with a higher 

concentration. It is possible that the troubles occurred when analyzing acid D were because of 

the high concentration. It is also possible that acid D is hard to analyze with a reversed-phase 

column. 

It would be interesting to be able to control the temperature during the analysis and also 

increase the temperature above room temperature. Higher temperature lowers the viscosity of 

the solutions and causes the pressure to decrease. If the pressure decreases because of lower 

viscosity it is possible to increase the flow rate which causes the pressure to rise again but not 

too much. If the analysis is run with a higher flow rate, the retention time is reduced and 

resolution is improved (Harris 2007). We were not able to increase the flow rate because the 

pressure would increase to 250 atm and lead to shut down of the HPLC but it might have been 

possible if we could have been able to perform the analysis at a higher temperature. Maybe 

the temperature could have been held at 30o C as a start.  
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