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Abstract 

This project was undertaken to investigate the possibility to extract and determine the 

concentration of Hafnium in water. Hafnium (176Hf) is formed by the decay of radioactive 

Lutetium (176Lu) and is naturally occurring in rocks and water. Hafnium can be used as a 

tracer in natural waters and can thereby give information of the changes of the oceanic 

circulation patterns. 

Naturally occurring Hf in water exist only in very low concentrations, thus it is crucial to be 

able to pre-concentrate and extract Hf with a high level of recovery. To achieve this a 

chelating resin called Nobias PA1 was used. The concentration of Hf was then determined by 

inductive coupled plasma-atomic emission spectrometry (ICP-AES). 

To achieve a high level of recovery several types of eluents were tried out. The eluent 

proven to provide the best result was 0,3M HF/6M HCl which yielded a level of recovery of 

~80-90%.  
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1. Introduction 
Hafnium naturally occurs in rocks and with time it is leached in water. Analysis of the 

isotopic composition of Hf in a water sample can reveal changes in circulation patterns of 

the water and thus show how the environment affect the movements of the water.1  

Hafnium is a metal formed by the decay of radioactive Lutetium (176Lu). The isotope formed 

(176Hf) has the half-life of 35,9 Ga (gigaanni), or 3,59 · 1010 years.2 

If Hafnium was to be analyzed for the purpose of providing information of the oceanic 

movements the isotopic composition of Hf would first have to be determined. Inductively 

coupled plasma mass spectrometry (ICP-MS) is used to determine the isotopic composition. 

The naturally occurring isotopes of Hf are 174Hf, 176Hf, 177Hf, 178Hf, 179Hf and 180Hf.3 

The isotope ratio 176Hf/177Hf vary as a function of age due to the decay of Lu.1 Thus these 

isotopes are analyzed when dating rocks and studying water circulation patterns using Hf. 

Like Hf, Neodymium (Nd) is also formed by radioactive decay. Nd belongs to the group of 

elements called rare earth elements (REE) which are used to study water circulations. 

While Nd is a rare earth element (REE), Hf is a high field strength element (HFSE). HFSEs are 

less soluble in water than REEs and will therefore behave a bit different in water solutions. 

Lu and Hf are stable, especially in older rocks, and due to their immobile state Lu and Hf are 

less affected by alterations. 2 As an example can the Nd/Sm ratios be affected by other REEs 

in allanite inclusions, while the Hf/Lu ratios are unaffected.4 

Neodymium (143Nd) is formed by the decay of Samarium (147Sm). The half-life of the isotope 

(143Nd) is 1,06 · 1011 years. Residence time for Nd in seawater is estimated to be ~ 300 years. 

Complete mixing of the oceans is estimated to be ~ 1500 years. This means that Nd is never 

completely mixed in the oceans, thus the concentration of Nd will vary in different water 

resources. The crustal rocks which Nd originated from can be traced by analyzing the 

isotopic composition of Nd in a water sample, and thereby provide information of the 

movements of the water. 5 

In the analysis of Nd, the use of a special type of chelating resin is central. This chelating 

resin makes it possible to concentrate neodymium which exists only in very low 

concentrations in natural water (5 - 45 pM). When Nd is extracted and concentrated its 

isotopic composition can be analyzed using ICP-MS.6 

Nobias PA1 is a relatively new chelating resin which has been used for analysis of other trace 

elements in addition to Nd. For example the REEs La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, 

Tm, Yb, and Lu have been pre-concentrated and extracted using this chelating resin.7 

In the method mentioned above Nd was extracted using 3M HNO3. 

Studies have shown that hydrofluoric acid (HF) and hydrochloric acid (HCl) have been widely 

used when extracting Hf from water and rocks, either in combination or separately.  

For example when using another type of ion exchanger, TSK-8-hydroxyquinoline, Hf was 

extracted using 5M HF.8 The importance of a strong acid is demonstrated in attempts of 

separating Hafnium from Zirconium, where as strong as 9,5M HCl was proven to give the 
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best results when extracting Hf. 9 In an additional study the use of the combination of a low 

concentration HF and a high concentration HCl yielded higher levels of recovery than when 

HCl and HF were used separately.2 

Hafnium (Hf) exists in even lower concentrations than Nd in natural water (0,06-1pM).10  

Here we developed a method, which can concentrate and extract Hf with a high level of 

recovery using the Nobias PA1 approach described for analysis of Nd.  

The results from this project is the foundation of possibly establishing a method for the 

extraction and determination of Hf in natural water. If the method is completed it can supply 

knowledge of the circulations of the oceans. If alterations in the oceanic circulation patterns 

are detected it can be of importance in an environmental purpose. 

2. Theory 

2.1. Neodymium in rocks and water 
An investigation of a 4,6 billion years old igneous rock indicated that the bulk earth 

contained 147Sm/143Nd and 143Nd/144Nd ratios. Due to this discovery a chondritic uniform 

reservoir (CHUR) was established. CHUR acts as a standard and is a synonym to the bulk 

earth. Since Nd is formed by the decay of Sm and increases with time it is possible to date 

rocks. When dating with CHUR the age simply refers to how long the Nd ratios differ from 

the Nd ratios in CHUR. 

 

Figure 1: Determination of the age of the originated source for a 500 Ma old granite rock 
using CHUR. 

Figure 1 shows how to date the originating source for a 500 million years old granite rock. 

Year zero is the present, the Nd isotope ratios are analyzed and used to investigate the 

development of the granite from when it was formed. Point Y is when the granite was 

formed and the line YZ indicates how it has evolved since. The slope reflects on the Sm/Nd 

ratios. 143Nd/144Nd ratios in point Y is the initial Nd ratios and as can be seen it is lower than 

CHUR. If the assumption is made that the Sm/Nd ratios is the same in the granites 

originating source, we can assume that the originating source has evolved along the dashed 

line XY, and point X is then the age of the originating source.11 When Nd is recovered from 

water it is possible to trace the originating source by analyzing the isotopic composition of 
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Nd. By calculating the value of ƐNd (0) it is possible to determine the age of the originating 

source. The originating source can then be traced due to the knowledge of the age of the 

earth’s crust in different locations of the world. ƐNd (0) is calculated by using the formula: 

 ƐNd (0) = [(143Nd/144Nd) sample / (143Nd/144Nd) CHUR- 1] x104
 

The lower the value of ƐNd (0) the older is the crust from which Nd originated. When the age 

of the originating source is known it is possible to match it with a location where the earth 

crust is the same age.5 

2.2. Nobias PA1 
Nobias PA1 (Hitachi High-Technologies) is an ion exchanger used to concentrate and extract 

metals from water solutions. This is achieved by the two functional groups, 

ethylenediaminetriacetic acid (ED3A) (figure 2) and iminodiacetic acid (IDA) (figure 3), 

immobilized on a hydrophilic methacrylate polymer backbone. The functional groups bind to 

metal atoms with several coordination bonds forming a chelate, which is highly stable. To 

achieve as stable a chelate as possible the functional groups should have as high a number of 

carboxyl groups as possible. Each carboxyl group can coordinate to a metal atom and 

therefore contribute to a better chelate.12 

These functional groups have been used for many years, the novelty of Nobias PA1 comes 

from the hydrophilic methacrylate polymer backbone. Since the functional groups are 

immobilized on the hydrophilic backbone the access to metal ions increases.6   

  

Figure 2: The structural formula of ED3A  Figure 3: The structural formula of IDA 
                (where n is from 1 to 40). 

2.3. ICP-AES 
Inductively coupled plasma atomic emission spectrometry (ICP-AES) is an analytical 

technique, which due to its ability to ionize metals can be used to analyze metals and 

determine their concentration. 

The sample is injected by an auto sampler then transferred via a pump to an ultrasonic 

nebulizer (figure 5). In the nebulizer the sample passes a piezoelectric crystal, this crystal 

converts the sample to a fine aerosol by oscillating at 1 MHz (figure 4). The aerosol is then 

pushed forward to a heated tube by an Argon gas flow. The heated tube causes the sample 

to evaporate and then to move on to the condenser where the sample is cooled down and 

condensed. 
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Figure 4: Ultrasonic Nebulizer, figure shows  Figure 5: Ultrasonic Nebulizer, cross 
the mist of aerosol created by the oscillating  section 
crystal. 

The aerosol containing dry, solid particles continues towards the inductively coupled plasma 

burner (figure 6). Two induction coils are wrapped around the upper opening of the quartz, 

located at the top of the ICP- burner. These induction coils produce a radio-frequency field. 

Argon gas is introduced into the burner through the 

plasma gas inlet. The argon gas is then ignited by the 

Tesla coil. This causes the argon gas to ionize and the free 

electrons produced are accelerating within the radio-

frequency field. Electrons then collide with atoms, this 

collision induces energy to the gas and brings the gas to a 

high temperature of 6 000-10 000K.  

Atoms in the analyte collide with the hot plasma which 

causes the atoms to excite. Atoms in excited electronic 

states emit photons when relaxing to their former lower 

energy state. The emission is proportional to the 

concentration analyte. The intensity of the emission, I, is 

calculated by the equation: I=k´P0(Ɛexb2c ln 10), where k´ 

is a constant of proportionality, P0 is the irradiance 

incident on the sample cell, Ɛex is the molar absorptivity, 

b2 is the pathlength and c is the concentration analyte. 13  

Figure 6: Inductively coupled 
plasma burner, cross section. 
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3. Materials and Methods 
All chemicals used in this project were of purity grade Seastar ™ from seastar chemicals inc. 

Except in the cleaning processes for Nobias PA1 where chemicals of grade Suprapur® were 

used in one of the cleaning steps. A list of all chemicals used in this project is received in 

Appendix II. 

3.1. Preparation 
All the material used in this project was thoroughly cleaned according to a routine found in 

Appendix II. 

The samples, eluents and cleaning chemicals were passed through the ion exchangers by a 

pump, a Cole Parmer 7519-06 Masterflex L/S Cartridge Pump. The tubing linked to the pump 

had to be cleaned before tests. This was made by turning on the flow and placing the end of 

the tubes in a container with UP-H2O (ultrapure Milli-Q). It was also important that before 

tests check that the flow rate was equal for all ion exchangers. (Figure 7) 

 

Figure 7: The setup of the pump and the ion exchangers. 

3.2. Preparation of standards and sample solutions 
All solutions containing Hafnium were prepared from the same standard solution. This 

standard solution was an ICP standard solution with the concentration of 1000 µg/ml Hf in 

5% HCl (Alfa®). 

100 µL from this standard solution were transferred to a centrifuge tube and diluted with UP 

H2O. Several dilution steps followed until the desired concentration of 100 µg/L was 

reached. These dilution steps were the same for all samples and standards. 

A solution containing Hf with a concentration considerably higher than what naturally occurs 

in water was desired. The detection limit range on the ICP-AES was roughly estimated to be 

~1-10 parts per billion (ppb) which can be translated to 1-10 µg/L.13 

The sample solutions were diluted in plastic bottles, which first were weighed. Then the 

standard solution (100 µg/L) was set to the bottles. 5M ammonium acetate (AmAc) was 

added to the bottles to achieve the final concentration 0,01M AmAc. The bottles were filled 

with UP H2O and then weighed again. The pH was verified by a pH indicator and was around 

6 for all sample solutions. The concentration of Hf in the sample solutions differed among 

the experiments performed. The volume of the standard solution added was varied, and the 

final volume was either 1L or 2L. The concentration range was between 0,05 µg/L- 0,75 µg/L. 

From these solutions small volumes (150-200 ml) were transferred to smaller bottles prior to 

experiments. 

    
Ion exchangers  

(Nobias PA1) 
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3.3. Preparation process for the resin Nobias PA1. 
The same four ion exchangers were used for all experiments. 

The ion exchangers were placed on a rack and linked to the pump. At the top of each ion 

exchanger a pipette tip was attached, these pipette tips functioned as an input for all 

cleaning chemicals and eluents. During all cleaning processes the flow rate was set to 5 

ml/min. The first cleaning step was used once only, mainly to remove organic substances 

(table 1). 

Table 1: Cleaning process before extraction. Step 1 is used once only. 

CLEANING STEPS, 
BEFORE EXTRACTION 

 

1. 5 ml Acetone P.a. 
2. 20 ml H2O UP 
3. 10 ml 3M HNO3 Suprapur® 
4. 5 ml 3M HNO3 Seastar™ 
5. 20 ml H2O UP 

 

This cleaning process is the same for all four ion exchangers. Then each ion exchanger is 

cleaned with their respective eluent. Last step before loading the sample is to condition the 

ion exchangers with 15 ml 0,01M AmAC.  

3.4. Extraction 
The bottles filled with ca. 200 ml sample solution were linked so that the pump could direct 

the flow through the ion exchangers. The flow rate was set to 10 ml/min. 

The ion exchangers were rinsed with 10-20 ml H2O UP at a flow rate of 5 ml/min before 

eluting. 

When eluting the sample it was first very important to empty all tubing linked to the pump. 

This because the eluted sample will first enter the tubing before it can be placed in a Teflon 

vial (Savillex®). 

 

3 ml of each eluent was set to their respective ion exchanger through the 

pipette tips. The flow rate was set to 1 ml/min. The eluate entered the tubing 

and it was possible to visually see when all eluate was eluted. The pump was 

then stopped and Teflon vials were put beneath the ion exchangers, the flow 

was then reversed and the eluate dripped into the vials (Figure 8). When all 

of the eluate had dripped into the vials the pump was stopped. The 

procedure was repeated again with an additional 3 ml of eluent. The eluate 

was put in the same vials to make a total of 6 ml eluate in each vial. 

The vials were then set to a hot plate, 110 - 140°C, until the eluate was 

completely evaporated. 

Potential fluoride ions were eliminated by adding a few drops of concentrated 

HNO3 to the evaporated samples. The vials were put back onto the hot plate 

and the HNO3 was evaporated. This procedure was repeated three times. 

During analysis the samples needed to consist of 1% HNO3, concentrated HNO3 was 

Figure 8: Eluate 
dripping into vial 
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therefore added to each sample and the samples were then diluted with H2O UP to a total 

volume of 5ml or 10 ml. The samples were then transferred to centrifuge tubes. 

3.5. Analysis 
The instrument used to determine the concentration of Hf was an ICP-AES (iCAP 6500 Duo) 

with accessories CETAC U5000AT+ ultrasonic nebulizer and CETAC ASX-520 auto sampler.  

Standard solutions were prepared to establish calibration curves. These were prepared using 

automatic pipettes, which accuracy had been tested by weighing water. All standard 

solutions contained 1% HNO3 but the concentrations of Hf varied among the experiments. 

The concentrations 0,5 , 1, 4, 7 and 10 µg/L Hf were used in the first experiment. In the 

second and third experiment the standard solutions had the concentrations 1, 4, 8 and 12 

µg/L Hf. 

All samples, standards and blanks were put in racks beneath the auto sampler. The settings 

(table 2) were optimized by analyzing a sample containing 5 µg/L Hf. Seven different 

wavelengths were chosen. The ICP-AES detected and measured signals from all these 

wavelengths then a sequence was established. 

Table 2: ICP-AES settings 

Plasma effect 1150 W 

Auxiliary gas flow 0,5 L/min 

Nebulizer gas flow 0,45 L/min 

Coolant gas flow 12 L/min 

Integration time 45 s 

Element wavelengths (nm) 232.247, 251.303, 263.871, 264.141, 
277.336, 282.022, 339.980 

   

When analyzing the standard solutions a calibration curve was automatically formed by the 

computer linked to the ICP-AES. Thereafter could the samples be analyzed and their 

concentrations were determined. 

4. Results 
All calculations for the concentration of Hf in the sample solutions, is received in Appendix 

III.  

By examining the calibration curves for all seven wavelengths a decision was made to use 

the results measured at 232,247 nm. At this wavelength the calibration curve showed the 

highest correlation and the standard solution differed the least. 

Calibration curves (measured at 232,247 nm) for all analyzes are received in Appendix III. 

4.1. First experiment 
The first experiment was performed to investigate the eluents which contributed the most 

to yield a high level of recovery. In the first trial a sample solution with the concentration of 

Hf 0,05 µg/L was distributed to 10 bottles (sample 1-10 in table 3). 
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One additional trial was performed during this first experiment. A sample solution with the 

concentration of Hf 0,2 µg/L was set to a bottle (sample 11 in table 3).The sample was 

pumped the same way as in earlier trials, but the waste was collected every three minutes. 

The waste was analyzed for the content of Hf to ensure that no Hf went through the column 

before eluting. 

Results from the samples analyzed were used to calculate the level of recovery. The 

concentrations calculated, when assuming a level of recovery of 100%, were compared to 

the concentrations detected by the ICP-AES. The detection limit was around 0,1 ppb. The 

highest level of recovery was received with the use of the eluents 3M HNO3 which yielded a 

level of recovery of 81,5% and 0,3M HF/4M HCl which yielded a level of recovery of 86,5% 

(table3). 

Table 3: The level of recovery (%) calculated by comparing the detected concentration with 
the expected concentration if the level of recovery was 100%.  

  Conc. Hf, assuming  Conc. Hf, detected  Level of Type of 

Sample 100% recovery (µg/L) on ICP-AES (µg/L) recovery (%) eluent 

1 2,10 0,49 23,1 0,5M HNO3 

2 2,11 1,72 81,5 3M HNO3 

3 2,08 1,19 57,2 4M HNO3 

4 2,10 0,67 31,8 1M HCl 

5 2,14 0,52 24,4 6M HCl 

6 2,14 0,02 1,1 0,3M HF/0,1M HCl 

7 2,09 -0,04 0,0 0,3M HF 

8 2,08 0,25 12,1 0,3M HF/0,1M HNO3 

9 1,58 -0,08 0,0 1M HF 

10 1,51 0,00 0,0 5M HF 

11 8,37 7,24 86,5 0,3M HF/4M HCl 

 

The analysis of the waste did not show any Hf. An assumption was therefore made that all Hf 

stuck to the column. 

4.2. Second experiment 
After interpreting the results given from the first analysis it was decided to develop the 

eluents which brought the higher recovery. The results showed that 3M HNO3 and 0,3M 

HF/4M HCl gave the highest level of recovery. These eluents were investigated further and 

attempts to optimize the method were made by changing concentrations and combinations 

of eluents similar to these two. A sample solution with the desired concentration 0,5 µg/L 

was used in this experiment. 

Results from the samples analyzed were used to determine the level of recovery. The 

concentrations calculated, when assuming a recovery of 100%, was compared to the 

concentrations detected by the ICP-AES. The detection limit was around 0,1 ppb. 

The results indicated that the best eluent was 0,3M HF/6M HCl which yielded a recovery of 

114,4% (table 4). 



9 
 

Table 4: The level of recovery (%) calculated by comparing the detected concentration with 
the expected concentration if the level of recovery was 100%. 

Sample Conc. Hf, assuming  Conc. Hf, detected  Level of Type of eluent 

  100% recovery (µg/L) on ICP-AES (µg/L) recovery (%)   

1 10,35 2,31 22,3 3M HNO3 

2 10,30 11,28 109,5 0,3M HF/4M HCl 

3 10,65 12,19 114,4 0,3M HF/6M HCl 

4 10,23 10,78 105,4 0,1M HF/4M HCl 

5 10,48 6,84 65,2 0,1M HF/3M HNO3 

6 10,57 6,36 60,2 0,3M HF/3M HNO3 

7 10,46 1,19 11,4 4M HNO3 

8 10,40 0,91 8,8 4M HCl 

 

 

4.3. Third experiment 
When starting the third experiment the results strongly refers to an eluent, 0,3M HF/6M HCl, 

that seems to be best suitable for the purpose to yield a high level of recovery. It was 

therefore interesting to investigate this eluent further. Firstly by establishing an elution 

curve and thereafter by examining how variations of the eluents concentration affect the 

results. The eluents chosen for this examination were 0,3M HF/10M HCl and 0,05M HF/6M 

HCl. 

A sample solution with the concentration 0,75 µg/L Hf was used in this experiment. Two 

exact same trials were performed simultaneously to establish two elution curves. The eluting 

in this trial was some way different from the others, instead of eluting with 6 ml (3ml +3ml) 

Hf was eluted with 0,5 ml eluent a time. Ten times 0,5 ml were used which made a total of 

5ml eluent, every 0,5 ml eluate was put in their individual vial. 

Level of recovery was calculated by comparing the amount of Hf eluted for each 0,5 ml 

eluent added, with the total amount Hf when recovery was assumed to be 100%. 

The correlation between the level of recovery and the volume eluent was used to establish 

an elution curve. The elution curve for sequence A indicates that Hf was completely eluted 

with the use of 3 ml eluent, the level of recovery was then around 80% (figure 9). 
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Figure 9: Elution curve for sequence A. Nearly all Hf has been eluted with 3ml eluent added, 
the level of recovery is then approximately 83%. 

Sequence B is a copy of sequence A and they were performed simultaneously under exactly 

the same conditions. The elution curve established for sequence B is found in figure 10 

below. The elution curve indicates that Hf was completely eluted with the use of 2,5ml 

eluent and the level of recovery was then around 65%. 

 

Figure 10: Elution curve for sequence B. Nearly all Hf has been eluted with 2ml eluent added, 
the level of recovery is then approximately 64%. 

Two types of eluents were used in the last trial, 0,3M HF/10 M HCl and 0,05M HF/6M HCl. 

These eluents were used to elute two samples of Hf each. The level of recovery was 

calculated by comparing the concentrations received from the analysis, with the 

concentrations determined by calculation when assuming a recovery of 100%. The eluents 

yielded a level of recovery of approximately 25% (table 5).  

0

10

20

30

40

50

60

70

80

90

100

0 0,5 1 1,5 2 2,5 3 3,5 4 4,5 5 5,5

Le
ve

l o
f 

re
co

ve
ry

 (
%

)

Volume eluent (ml)

Elution curve, sequence A

0

10

20

30

40

50

60

70

80

90

100

0 0,5 1 1,5 2 2,5 3 3,5 4 4,5 5 5,5

Le
ve

l o
f 

re
co

ve
ry

 (
%

)

Volume eluent (ml)

Elution curve, sequence B



11 
 

Table 5: The level of recovery (%) calculated by comparing the detected concentration with 
the expected concentration if the level of recovery was 100%. 

Sample Conc. Hf, assuming  Conc. Hf, detected  Level of Type of 

  100% recovery (µg/L) on ICP-AES (µg/L) recovery (%) eluent 

1 10,84 2,86 26,4 0,3M HF/10M HCl 

2 11,01 2,49 22,6 0,3M HF/10M HCl 

3 11,19 2,66 23,7 0,05M HF/6M HCl 

4 10,54 2,52 23,9 0,05M HF/6M HCl 

 

4.4. Blanks and standard solutions 
To evaluate the influence of the use of Teflon vials some blanks and standard solutions were 

analyzed. These blanks and standard solutions had in different ways been in contact with 

Teflon vials. 

Three standard solutions were analyzed in the same sequence as the samples from the first 

experiment. These standard solutions were all prepared so that the concentration of Hf was 

8 µg/L. One of these standard solutions were prepared and evaporated in a Teflon vial. The 

second one was prepared in a Teflon vial but it was not evaporated. And the last one was 

not at all in contact with the Teflon vials. All standards were solved in 1% HNO3. 

The results from the analysis were used to calculate the level of recovery by comparing the 

stated concentration with the detected concentration. The level of recovery indicates that 

the Teflon vials affected the results (table 6).  

Table 6: Level of recovery (%) calculated by comparing the detected concentration with the 
expected concentration. 

Standard solution: Stated conc. Hf (µg/L) Detected conc. Hf (µg/L) Level of recovery% 

Prepared and 
evaporated in Teflon vial 8 

 
10,79 134,9 

Prepared in Teflon vial, 
not evaporated 8 

 
9,727 121,6 

Not prepared in Teflon 
vial, not evaporated 8 

 
8,221 102,8 

 

In the second analysis, two standard solutions and two blanks were analyzed in the same 

sequence as the samples. 

The standard solutions both had the concentration 10µg/L Hf. One of them was set to an 

almost unused Teflon vial and the other one was set to a Teflon vial that had been used 

several times. The Teflon vials have a tendency of becoming porous when cleaning them and 

it was therefore interesting to see if the two different vials affected the results. All of the 

Teflon vials used in this project has previously been used when analyzing rock samples. 

The first blank was a mixture of the eluents 0,1MHF/4M HCl and 0,3M HF/4M HCl. The 

second blank was a mixture of the eluents 0,1M HF/3M HNO3 and 0,3M HF/3M HNO3, 3 ml 

of each eluent bringing the blanks to a volume of 6 ml. 

Both the standard solutions and blanks were evaporated and redissolved in 10 ml 1% HNO3. 



12 
 

The results were used to calculate the level of recovery by comparing the stated 

concentration with the concentration detected with the ICP-AES. The results indicated that 

the solution was contaminated by the Teflon vial, but there was no difference between using 

the new and old vial (table 7). The results from the analysis of the blanks also indicated 

contamination caused by the Teflon vials (table 8).   

Table 7: The level of recovery (%) calculated by comparing the detected concentration with 
the expected concentration. 

Standard solution: Stated conc. Hf (µg/L) Detected conc. Hf (µg/L) Level of recovery% 

Prepared in "new" Teflon vial 10 14,56 145,6 

Prepared in "old" Teflon vial 10 14,53 145,3 

 
Table 8: Blanks containing mixtures of eluent, stated conc. compared to detected conc. 

Blank, mixture of eluents: Stated conc. Hf (µg/L) Detected conc. Hf (µg/L) 

0,3M HF/4M HCl + 0,1M HF/4M HCl 0 0,61 

0,3M HF/3M HNO3 + 0,1M HF/3M HNO3 0 0,47 

 

Four blanks and three standard solutions were prepared during the third experiment. The 

first two blanks contained of 0,3M HF/10M HCl and 0,05HF/6M HCl and the other two 

contained 0,3MHF/6M HCl. The standard solutions had the concentrations 2, 10 and 15 µg/L. 

All blanks and standard solutions were evaporated and redissolved in 10ml 1% HNO3. They 

were then analyzed in the same sequence as the samples from this experiment. After 

analysis a comparison of the stated concentration versus the detected concentration was 

made (Standard solutions: table 9; Blanks: table 10). 

Table 9: The level of recovery (%) calculated by comparing the detected concentration with 
the expected concentration. 

Standard solution: Stated conc. Hf (µg/L) Detected conc. Hf (µg/L) Level of recovery% 

1 2 1,486 74,3 

2 10 8,765 87,7 

3 15 13,32 88,8 

 

Table 10: Blanks containing three types of eluents, stated conc. compared to detected conc. 

Blanks, eluents evaporated and redissolved  Stated conc. Hf (µg/L) Detected conc. Hf (µg/L) 

0,3M HF/10M HCl 0 -0,096 

0,05M HF/6M HCl 0 -0,106 

0,3M HF/6M HCl 0 0,058 

0,3M HF/6M HCl 0 -0,088 
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5. Discussion 
The results indicated that the best type of eluent was 0,3M HF/6M HCl, which yielded an 

estimated average level of recovery of ~80-90%. This estimated level of recovery can be 

questioned due to large variation of the results. The results received from the first analysis 

revealed a significant error when analyzing the standard solutions which had been in contact 

with Teflon vials (table 6). 

The standard solutions seemed to have been contaminated by contact with the Teflon vials, 

and even more so when evaporated in the vials. Another example concerning this matter are 

the sample solutions analyzed at the second analysis occasion. Both standard solutions were 

prepared, evaporated and redissolved in Teflon vials. They were not significantly different 

from each other, but the level of recovery was ~ 145% (table 7). 

Some of the samples were analyzed in the same sequence as these standard solutions. One 

of these samples was eluted with the eluent 0,3MHF/6M HCl where the level of recovery 

was calculated to be 114,4%. Since this sample has been prepared under the same 

conditions as the standard solutions, one can assume that the error is equal for both. The 

results received when the blanks were analyzed in the same sequence indicated of contents 

of Hf, 0,61 µg/L in one of the blanks and 0,47 µg/L in the other. However, this amount is not 

enough to yield an error of that magnitude and the error is probably caused by additional 

factors, apart from the contamination caused by the Teflon vials. 

When evaluating the elution curves it is fairly obvious that the curves differ significantly 

when comparing sequence A with sequence B, despite the fact that both sequences were 

performed simultaneously under the same conditions. This could be either an indication of 

the repeatability of the method being poor, or that the reliability of the ICP-AES is 

questionable. The blanks analyzed in this trial had the mean value of -0,058 µg/L Hf. These 

blanks were prepared by evaporating eluents in Teflon vials. 

The standard solutions, which were not used to establish the calibration curve, gave results 

indicating a lower concentration than stated (table 9). The negative results of the blanks and 

the decreased concentrations of the standard solutions is a legitimate reason to assume that 

the calibration curve is miscalibrated. Due to this suspected miscalibration the elution curves 

could contain an error. 

In the last trial, two eluents were tried out, 0,3M HF/10M HCl and 0,05M HF/6M HCl. These 

eluents had similar components as the eluent proven to be the best one. It was expected 

that the results would be similar to the results received when using 0,3M HF/6M HCl still the 

results showed poor levels of recovery. This can be due to the high concentration in the 

sample solution extracted. It has been demonstrated that the level of recovery is poor when 

extracting high concentrations of Hf in combination with HF, this is explained by the 

entrapment of Hf in fluoride salts.2 

5.1. Future perspectives 
If this method was to be developed further the first step would be to solve the problem with 

the contamination. For example the process when cleaning vials could be developed. The 

problems concerning the miscalibration could be solved by using accredited standard 

solutions. Repeatability and reproducibility of the method would have to be investigated 
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further to know that the method is reliable. When these steps are approved the analysis of 

Hf in natural waters can be applied, only then can a decision be made whether the method is 

appropriate for the stated purpose. 

One of the future goals is to find out the residence time for Hf in water which so far has been 

roughly estimated to 1500 years.5 With this information Hf can be used as a tracer of water 

circulation patterns and due to the fact that Hf has some advantages to Nd, this is a great 

addition to the methods already well experienced. 
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Appendix I 

System and process 

At the beginning of this project a time schedule was established. The time assigned to the 

project was divided among the activities (Table 11). 

Table11: GANTT chart, showing the time planned to be spent on each activity and when it is 
planned to be performed. 

 

The goal for this project is to after 10 weeks be able to present a scientific report regarding a 

method for extracting and analyzing Hafnium in water. Planning, experimentations and 

resuming work are needed to achieve this. 

The first milestone involves the completing of the project plan. A project plan is needed if 

you want to establish a good foundation for the experiments. Literature studies reveal the 

kind of experiments done in the past and this can give directions of how to proceed in similar 

experimentations. Preparatory calculations is important to be able to thoroughly take notes 

on how to carry out the experiments. Safety procedures and other procedures applied in the 

lab have to be examined carefully before starting any experimentation. 

The second milestone is optimization, to fulfill the purpose of the method. The majority of 

the time was assigned to this milestone since reaching this milestone is an important step in 

this project. This optimization is reached by experimental trials, analysis and interpretation 

of the results. When the method is optimized an interpretation of the methods reliability will 

be performed. The decision is made by analysis on the repeatability and blanks. 

The third and last milestone is to write a scientific report which includes all essential parts 

of the project. The report is supposed to present how the project was performed from 

beginning to end. The report shall also present the aim and background of the project.  
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Plan for the systematic monitoring 

Many types of eluents will be tried out to find the best eluent. The decisions if the eluents 

are approved or not will be based on the level of recovery received when using it. The 

eluents yielding the highest level of recovery will then be modified to reach an even higher 

level of recovery. When the seemingly best eluent is find, it will be used in further 

investigations. The efficiency of the eluent will be investigated by establishing elution curves. 

The methods repeatability could after a few trials be interpreted, but not determined. 
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Appendix II 

Cleaning routine 

Table 12: Cleaning routine for the Teflon vials 

SAVILLEX® 
VIALS 

 

1. The vials are put to a glass container, containing a solution of 3% extran (EMD 
Millipore Extran®). This glass container will then be heated on a hot plate, 
100 °C, for three days. 

2. The vials are rinsed with Elix water (Millipore) a few times, and then they are 
put to a glass container filled with Elix water. This will be heated for another 
three days on a hot plate, 100°C.  

3. The vials are rinsed once again with Elix water and then put to a glass 
container, containing 1:1 HCl. This container is set to a hot plate, 100°C, for at 
least three days. 

4. The vials are rinsed with Elix water and then put to a glass container, 
containing 1:1 HNO3. The container is set to a hot plate, 100°C, for at least 
three days. 

5. The vials are rinsed with Elix water a few times and then put to a glass 
container, containing UP water (ultrapure Milli-Q). The container is set to a 
hot plate, 100°C, for at least three days. 

6. The vials are then rinsed, and filled with UP water. When filled, they are 
directly put on the hot plate with lid on, 100°C, for at least three days. 

7. The vials are rinsed one last time with UP water and then left to dry in an 
oven. 

 

Table 13: Cleaning routine for the pipette tips 

PIPETTE 
TIPS  

 

1. The pipette tips are put to a glass container, with the tip directed towards 
the bottom of the container. The container is then filled with UP water and 
ca. one drop of concentrated HNO3 per ml water. This is then set to a hot 
plate, 100°C, for at least 24 hours. 

2. The pipette tips are rinsed with UP water and then set to a container, now 
containing UP water. This will stay on a hot plate, 100°C, for another 24 
hours. 

3. The pipette tips are rinsed again with UP water, and are then left to dry in an 
oven. 
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Table 14: Cleaning routine for the centrifuge tubes 

CENTRIFUGE 
TUBES 

 

1. The centrifuge tubes are rinsed and filled with UP water and ca. one 
drop of HNO3 per ml water. They are set in room temperature for at 
least 24 hours. 

2. The centrifuge tubes are rinsed with UP water once again and then 
set to dry in an oven. 

 

Table 15: Cleaning routine for the plastic bottles 

BOTTLES USED FOR 
WATER SAMPLES 

 

1. The bottles are rinsed with Elix water, and filled by half with Elix 
water. Concentrated HNO3 is then added to a concentration of 5-
10%. This is then set to rest in room temperature for four days. 

2. The bottles are turned upside down and is set to rest in an 
additional four days. 

3. The bottles are rinsed, and filled with Elix water. They are then set 
to rest for another four days. 

4. The bottles are turned upside down once again, and rests for an 
additional four days. 

5. Once again the bottles are rinsed, this time with UP water. They 
are then turned upside down, without lid, on a paper towel.  

6. When dry, the lids are screwed back on, and the bottles are set to 
a plastic bag. 

 

Table 16: All chemicals used in this project and their purity grade 

Chemicals Purity grade 
HCl Seastar ™ 

HNO3 Seastar ™/ Suprapur® 

HF Seastar ™ 

HAc Seastar ™ 

NH3 Seastar ™ 

Acetone P.a. 
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Appendix III 

Calculations, first experiment 

The concentration of Hf in the sample solution can be calculated. The volume and 

concentration of the standard solution added (1 ml, 100µg/L) and also the exact weight and 

thereby the volume of the complete sample solution are known. This information was used 

to calculate the concentration Hf in the sample solution (table 17). 

Table 17: Measurements needed to calculate the concentration of Hf in the sample solution. 
Sample solution with desired concentration 0,05 µg/L. 

Weight, Weight, bottle with Volume, sample 

 dry bottle (g)  sample solution (1g)  solution (ml) 

177,35 2177,89 2000,54 

   

Volume, standard Concentration, standard Concentration, sample 

solution (ml) solution  (µg/L)  solution (µg/L) 

1 100 0,050 

 

The additional test in the first experiment was performed to see if Hf stuck on the column, 

and also another type of eluent was tested. Calculations for the concentration Hf in 1L 

solution were performed (table 18). 

Table 18: Measurements needed to calculate the concentration of Hf in the sample solution. 
Sample solution with desired concentration 0,2 µg/L. 

Weight, Weight, bottle with Volume, sample 

 dry bottle (g)  sample solution (g)  solution (ml) 

178 1193 1015 

   

Volume, standard Concentration, standard Concentration, sample 

solution (ml) solution  (µg/L)  solution (µg/L) 

2 100 0,197 

 

The sample solution with the concentration ~0,05 µg/L Hf was distributed to 10 bottles and 

200 ml of the sample solution with the concentration ~ 0,2 µg/L was transferred to a bottle 

(bottle no. 11) The bottles were weighed before and after extraction and the exact volume 

sample pumped through the ion exchangers were calculated (table 19). 
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Table 19: Calculation of the volume sample solution which has been pumped through the ion 
exchangers. 

Bottle Weight,  Weight, bottle with Weight, bottle after Weight, solution Volume, solution 

number dry bottle (g) ca. 200 ml solution (g) extraction (g) extracted (g) extracted (ml) 

1 32,40 243,12 32,58 210,54 210,54 

2 32,00 242,94 32,19 210,75 210,75 

3 31,90 240,80 32,52 208,28 208,28 

4 32,40 241,99 32,41 209,58 209,58 

5 31,97 245,81 31,98 213,83 213,83 

6 31,99 246,32 32,16 214,16 214,16 

7 32,38 242,12 32,67 209,45 209,45 

8 32,11 240,84 32,31 208,53 208,53 

9 32,40 191,00 32,63 158,37 158,37 

10 32,00 182,76 32,15 150,61 150,61 

11 32,40 245,31 32,95 212,36 212,36 

 

When the volume of extracted sample solution was calculated it was possible to calculate 

the amount of Hf expected to be eluted, this amount is equivalent to a 100% recovery (table 

20). 

Table 20: Calculation of the concentration Hf. The concentrations is calculated on the 
evaporated and redissolved samples (5ml 1% HNO3). It is assumed that the recovery is 100%. 

Extraction Volume, solution Concentration, sample Total amount Hf Conc. Hf, redissolved 

trial extracted (ml) solution (µg/L) extracted (µg)  in 5 ml 1 % HNO3 (µg/L) 

1 210,54 0,05 0,0105 2,10 

2 210,75 0,05 0,0105 2,11 

3 208,28 0,05 0,0104 2,08 

4 209,58 0,05 0,0105 2,10 

5 213,83 0,05 0,0107 2,14 

6 214,16 0,05 0,0107 2,14 

7 209,45 0,05 0,0105 2,09 

8 208,53 0,05 0,0104 2,08 

9 158,37 0,05 0,0079 1,58 

10 150,61 0,05 0,0075 1,51 

11 212,36 0,20 0,0418 8,37 
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Calibration curve, first experiment 

Calibration curve established by analyzing five standard solutions at the wavelength 232,247 

nm (figure 11). 

 

Figure 11: Calibration curve on the left, the data on the right. The Y-axis on the calibration 
curve indicates the signal strength and the X-axis indicates the concentration (ppb). 

The standard solutions used to establish the calibration curve are seen in table 21 below. 

Table 21: Standard solutions with the concentrations 0,5, 1, 4, 7 and 10 µg/L as stated. 
Detected concentrations is seen beneath “Found” and the difference between the two is 
calculated under “Diff” and “%Diff” 

 

Calculations, second experiment  

The concentration Hf in the sample solution was calculated (table 22). 

Table 22: Measurements needed to calculate the concentration of Hf in the sample solution. 
Sample solution with desired concentration 0,5 µg/L. 

Weight, Weight, bottle with Volume, sample 

 dry bottle (g)  sample solution (g)  solution (ml) 

178,52 2178,6 2000,08 

   

Volume, standard Concentration, standard Concentration, sample 

solution (ml) solution (µg/L)  solution (µg/L) 

10 100 0,500 
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The sample solution was distributed to eight bottles, which were weighed before and after 

extraction. The volumes of sample solution pumped through the ion exchangers were 

calculated (table 23). 

Table 23: Calculation of the volume sample solution which has been pumped through the ion 
exchangers. 

Bottle Weight,  Weight, bottle with Weight, bottle after Weight, solution Volume, solution 

number dry bottle (g) ca. 200 ml solution (g) extraction (g) extracted (g) extracted (ml) 

1 32,40 239,77 32,7 207,07 207,07 

2 31,97 238,30 32,27 206,03 206,03 

3 31,99 245,21 32,15 213,06 213,06 

4 32,11 236,96 32,37 204,59 204,59 

5 32,40 242,47 32,8 209,67 209,67 

6 31,97 243,42 32,11 211,31 211,31 

7 31,99 241,41 32,25 209,16 209,16 

8 32,11 240,38 32,36 208,02 208,02 

 

When the volume of extracted sample solution was calculated it was possible to calculate 

the amount of Hf expected to be eluted. Assuming the level of recovery is 100%, the 

concentration Hf redissolved in 10 ml 1% HNO3 was determined (table 24). 

Table 24: Calculation of the concentration Hf. The concentrations is calculated on the 
evaporated and redissolved samples (10 ml 1% HNO3). It is assumed that the recovery is 
100%. 

Extraction Volume, solution Concentration, sample Total amount Hf Conc. Hf, redissolved 

trial extracted (ml) solution (µg/L) extracted (µg)  in 10 ml 1 % HNO3 (µg/L) 

1 207,07 0,500 0,1035 10,35 

2 206,03 0,500 0,1030 10,30 

3 213,06 0,500 0,1065 10,65 

4 204,59 0,500 0,1023 10,23 

5 209,67 0,500 0,1048 10,48 

6 211,31 0,500 0,1057 10,57 

7 209,16 0,500 0,1046 10,46 

8 208,02 0,500 0,1040 10,40 

 

Calibration curve, second experiment 

Four standard solutions were analyzed at the wavelength 232,247 nm to establish a 

calibration curve (figure 12). 
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Figure 12: Calibration curve for Hf on the left, the data on the right. The Y-axis on the 
calibration curve indicates the signal strength and the X-axis indicates the concentration 
(ppb). 

The four standard solutions used to create the calibration curve are seen in table 25 below. 

Table 25: Standard solutions with concentrations, 1, 4, 8 and 12 µg/L as stated. Detected 
concentrations is seen beneath “Found” and the difference between the two is calculated 
under “Diff” and “%Diff”. 

 

Calculations, third experiment  

A sample solution with the desired concentration 0,75µg/L was prepared. The concentration 

was determined by weighing the bottle empty, and thereafter weighing it when it was filled 

with the sample solution (table 26). 

Table 26: Measurements needed to calculate the concentration of Hf in the sample solution. 
Sample solution with desired concentration 0,2 µg/L. 

Weight, Weight, bottle with Volume, sample 

 dry bottle (g)  sample solution (g)  solution (ml) 

105,3 1105,6 1000,3 

   

Volume, standard Concentration, standard Concentration, sample 

solution (ml) solution  (µg/L)  solution (µg/L) 

7,5 100 0,750 
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To calculate the volume sample solution passing the ion exchangers the two bottles filled 

with solution were weighed before and after extraction (table 27). Sample A was used for 

elution curve A. Sample B was used for establishing elution curve B. 

Table 27: Calculation of the volume sample solution which has been pumped through the ion 
exchangers. 

Sample Weight,  Weight, bottle with Weight, bottle after Weight, solution Volume, solution 

  dry bottle (g) ca. 200 ml solution (g) extraction (g) extracted (g) extracted (ml) 

A 32,38 242,59 32,65 209,94 209,94 

B 32,11 240,60 32,23 208,37 208,37 

 

Assuming the recovery is 100%, the total amount of eluted Hf can be calculated (table 28). 

Table 28: The total amount of Hf extracted assuming a level of recovery of 100%. 

Sample Volume, solution Concentration, sample Total amount Hf 

  extracted (ml) solution (µg/L) extracted (µg) 

A 209,94 0,750 0,1574 

B 208,37 0,750 0,1562 

 

The amount of Hf detected in every fraction was compared to the total amount of Hf 

extracted if recovery was 100%, this gave the level of recovery (Sequence A: table 29; 

Sequence B: table 30). 

Table 29: Sequence A: Total level of recovery calculated by comparing the amount of Hf 
eluted for each 0,5 ml eluent added, and the total amount of Hf when recovery was assumed 
to be 100%. 

Sequence A Volume, Conc. Hf , detected Amount of Hf, detected Total amount Hf Level of 

   eluent (ml) on ICP-AES (µg/L) on ICP-AES (µg) extracted (µg) recovery (%) 

1 0,5 1,189 0,0119   7,6 

2 1 8,314 0,0831   60,4 

3 1,5 2,468 0,0247   76,1 

4 2 0,596 0,0060   79,8 

5 2,5 0,229 0,0023 0,1574 81,3 

6 3 0,137 0,0014   82,2 

7 3,5 0,064 0,0006   82,6 

8 4 0,032 0,0003   82,8 

9 4,5 -0,010 0,0000   82,8 

10 5 -0,042 0,0000   82,8 
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Table 30: Sequence B: Total level of recovery calculated by comparing the amount of Hf 
eluted for each 0,5 ml eluent added, and the total amount of Hf when recovery was assumed 
to be 100 %. 

Sequence B Volume, Conc. Hf , detected Amount of Hf, detected Total amount Hf Level of 

   eluent (ml) on ICP-AES (µg/L) on ICP-AES (µg) extracted (µg) recovery (%) 

1 0,5 0,022 0,0002   0,1 

2 1 7,004 0,0700   45,0 

3 1,5 2,509 0,0251   61,0 

4 2 0,440 0,0044   63,9 

5 2,5 0,048 0,0005 0,1562 64,2 

6 3 -0,027 0,0000   64,2 

7 3,5 -0,134 0,0000   64,2 

8 4 -0,120 0,0000   64,2 

9 4,5 -0,161 0,0000   64,2 

10 5 0,077 0,0008   64,6 

 

In the last trial were two types of eluents used to extract four samples. The measurements 

needed to calculate the volume sample solution passing the ion exchangers is seen below in 

table 31.   

Table 31: Calculation of the volume sample solution which has been pumped through the ion 
exchangers. 

Bottle Weight,  Weight, bottle with Weight, bottle after Weight, solution Volume, solution 

number dry bottle (g) ca. 150 ml solution (g) extraction (g) extracted (g) extracted (ml) 

1 32,40 177,31 32,76 144,55 144,55 

2 31,97 179,07 32,28 146,79 146,79 

3 31,99 181,46 32,23 149,23 149,23 

4 32,38 173,09 32,57 140,52 140,52 

 

Assuming the level of recovery is 100%, the total amount of eluted Hf can be calculated 

(table 32). 

Table 32: Calculation of the concentration Hf. The concentrations is calculated on the 
evaporated and redissolved samples (10 ml 1% HNO3). It is assumed that the recovery is 
100%. 

Extraction Volume, solution Concentration, sample Total amount Hf Conc. Hf, redissolved 

trial extracted (ml) solution (µg/L) extracted (µg)  in 10 ml 1 % HNO3 (µg/L) 

1 144,55 0,750 0,1084 10,84 

2 146,79 0,750 0,1101 11,01 

3 149,23 0,750 0,1119 11,19 

4 140,52 0,750 0,1054 10,54 
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Calibration curve, third experiment 

Four standard solutions were analyzed at the wavelength 232,247 nm to establish a 

calibration curve (figure 13).  

 

Figure 13: Calibration curve for Hf on the left, the data on the right. The Y-axis on the 
calibration curve indicates the signal strength and the X-axis indicates the concentration 
(ppb). The circled data point was excluded from the calibration curve.  

The standard solutions used to establish the calibration curve are seen in table 33 below. 

One of the data points differed with 162,9 % when stated concentration was compared to 

detected concentration. This data point, 1 µg/L, was excluded from the calibration curve 

(table 33).  

Table 33: Standard solutions with concentrations, 1, 4, 8 and 12 µg/L as stated. Detected 
concentrations is seen beneath “Found” and the difference between the two is calculated 
under “Diff” and “%Diff”. The data point within the red box, was excluded from the 
calibration curve. 

 

 

 

 

 


