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Hundred years of the discovery of hafnium 
 
P. R. Vasudeva Rao 
 
The year 2023 marks hundred years of the discovery of the element hafnium (atomic number 72). Until its dis-
covery, it was believed that the element with atomic number 72 belonged to the group of rare earths. Systematic 
measurements of the characteristic X-rays emitted by elements when bombarded by cathode rays by Henry 
Moseley, the evolution of the theory of atomic structure by Niels Bohr and the investigations of George Hevesy 
along with Dirk Coster, starting with samples of zirconium minerals, led to the discovery of hafnium, and to the 
clarity regarding the position of element 72 in the periodic table. This note presents a historical perspective of 
the discovery of hafnium with a brief overview of its separation and applications. 
 
The element hafnium (atomic number 72) 
was discovered in the year 1923 by Dutch 
physicist Dirk Coster and Hungarian che-
mist George Hevesy, and the year 2023 
marks hundred years of the discovery. 
Hafnium is the penultimate element with 
stable isotopes to be added to the periodic 
table, the last element being rhenium which 
was added in 1925. Hafnium is more abun-
dant in the earth’s crust (3 ppm) than better 
known metals such as silver and gold 
(which occur at levels less than a part per 
million (ppm)). However, the discovery of 
hafnium was a long story of false claims 
due to insufficient understanding of the 
electronic structure of atoms during that 
period and the need for complex experi-
mentation. 
 The discovery and isolation of hafnium 
have two specific aspects of great signifi-
cance. 
 
(1)  The discovery of hafnium was finally 

made possible by the realization that 
its chemistry would be similar to that 
of zirconium and not the lanthanides, a 
conclusion derived from Bohr’s theory 
of the electronic structure of elements. 
Thus, the concept of the periodic table 
with separate grouping of lanthanum 
(La) followed by 14 elements as one 
group (Lanthanides) was strengthened 
by the discovery of hafnium. 

(2)  The discovery established the impor-
tance of Moseley’s work on the char-
acteristic X-ray spectra of the elements 
in identifying new elements. 

The beginning 

The story of hafnium can be considered to 
start from 1869, when the Russian chemist 
Dimitri Mendeleev devised the periodic 
table of elements based on atomic weights. 
It included 63 elements, and Mendeleev 
had left gaps where he felt that elements 

did exist but were yet to be identified. His 
periodic table initially predicted a heavier 
analogue of titanium and zirconium1, but 
in 1871, Mendeleev had placed lanthanum 
in that spot.  

X-ray analysis and Moseley 

To highlight the role of X-ray analysis in 
the discovery of hafnium, it is important to 
dwell briefly on the work of Moseley. In 
the words of Coster and Hevesy2, the co-
discoverers of hafnium, ‘the intricate che-
mistry of zirconium, and the great similarity 
of hafnium with this element, would in 
fact have made any establishment of haf-
nium very difficult before the development 
of the powerful method of X-ray analysis.’ 
 Henry (Harry) Gwyn Jeffreys Moseley 
was a British scientist who joined Ernest 
Rutherford’s group at Manchester, UK in 
1910. Along with Charles Galton Darwin 
(grandson of Charles Robert Darwin – 
architect of the theory of evolution), he 
took up a systematic study of the effect of 
cathode rays on metals, characterizing the 
X-rays that are emitted in the process. In 
1913, Moseley established that the X-ray 
spectrum of an element is a simple and 
conclusive characteristic of that element. 
Through systematic studies, he established 
that ν = A(N – b)2, where ν is the wave-
number of a given X-ray emission line of 
an element, N is an integer characteristic of 
the element that changes by one between 
adjacent elements in the periodic table, and 
A and b are constants that are dependent on 
the type of the line (K, L, etc. in X-ray no-
tation).  
 In a paper published in December 1913, 
Moseley3 discussed the X-ray spectra of ten 
elements, with atomic numbers from 20 to 
30 (calcium to zinc). The correlation was 
so good that based on the X-ray spectra of 
adjacent elements, the spectra of missing 
elements could be predicted by simple ex-

trapolation. The X-ray data provided 
clinching evidence that supported placing 
nickel between cobalt and copper in the pe-
riodic table. Moseley’s studies ultimately 
covered elements from aluminium (atomic 
number 13) to gold (atomic number 79)4. 
They showed three missing elements –
 atomic numbers 43, 61 and 75. At that 
time, element 72 was considered to be 
celtium, whose arc spectrum had been de-
scribed in 1911 by George Urbain, a cele-
brated French chemist. (Significantly, in 
his second paper, Moseley4 mentions that 
‘the examination of keltium (celtium) would 
be of exceptional interest, as no place has 
been assigned to this element)’.  

George Urbain and celtium 

Efforts to isolate the element 72 had started 
in the first decade of the 20th century. In 
1878, Swiss chemist Marignac had isolated 
from the rare earth erbia a new colourless 
earth which he named ytterbia. He suspec-
ted that this earth may contain a new ele-
ment which he named ‘ytterbium’. In 1907, 
the French chemist George Urbain reported 
that he had separated a new element 
(which he called lutetium) from ytterbium. 
The Austrian chemist Carl Auer von Wels-
bach independently found ytterbium to be 
a mixture of two elements. In 1905, he an-
nounced the discovery of the element 71, 
and named it cassiopeum. He proposed a 
process for the separation of these ele-
ments and, in 1907, published the optical 
spectrum of both elements (70 and 71 as 
we know now). The dispute regarding the 
priority was subsequently settled in favour 
of Urbain and the name given by him for 
element 71 (lutetium) was accepted. Both 
scientists believed that the element 72, 
which was yet to be discovered, could be 
found in Marignac’s ytterbium mixture and 
continued their studies. In 1911, Urbain 
claimed to have identified a new element 
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in the final liquor obtained by a series of 
steps of fractional crystallization starting 
from ytterbium. Based on optical spectra 
and magnetic properties of the ytterbium 
mixtures and the final liquor, Urbain5 pro-
posed the presence of a third new element in 
these mixtures, which he named ‘celtium’.  
 In 1914, Urbain visited Moseley in Ox-
ford, UK, to enlist his help to study some 
of his rare earth samples. In the prepara-
tions he brought, which were fractions 
separated from ytterbium, Urbain expected 
the presence of celtium in addition to luteti-
um, and was hoping that Moseley’s X-ray 
analysis would provide conclusive evidence 
for the same. In a short time, Moseley was 
able to establish that these samples did 
contain ytterbium and lutetium, and their 
atomic numbers could be deduced as 70 
and 71 respectively; however, there was no 
indication of an element with atomic num-
ber 72. In his letter to his sister on 7 June 
1914, Moseley wrote: ‘Unfortunately the 
new element for the examination of which 
he came over, proves shy and will not dis-
close itself. I cannot imagine what it can 
be, and seriously doubt its existence. This 
is disappointing and leaves one more gap 
in the list of the known elements6.’ 
 Although disappointed about the lack of 
evidence for the element celtium in his 
samples, Urbain continued his efforts. He 
persuaded Alexandre Dauvillier, an assis-
tant to de Broglie (later a Nobel laureate in 
physics) to examine his samples once again 
by X-ray analysis. In 1922, Dauvillier7 an-
nounced that in Urbain’s preparations, 
faint X-ray lines of element 72 could be 
seen in addition to those of elements 70 and 
71. Urbain8 claimed that celtium was the 
missing element 72, and also concluded 
that it belonged to the family of rare earths. 
In fact, Rutherford9 provided a note of 
support to this claim in the English transla-
tion of their paper that appeared in Nature. 

Bohr’s theory and the discovery of  
hafnium 

In 1913, Niels Bohr, the Danish physicist 
developed his celebrated model of the atom. 
His theory of atomic structure and elec-
tronic configuration of elements provided 
a rational explanation for periodicity in the 
chemical characteristics of the elements, 
and consequently the connection between 
the electronic structure of an element and 
its place in periodic table; this led to the 
award of the Nobel Prize in Physics in 
1922 to Bohr. 

 That the element 72 would be a homo-
logue to zirconium had in fact been indi-
cated already in the original periodic table 
of Mendeleev and also in a subsequent 
version put forward by the Danish chemist 
Julius Thomsen. Charles Bury10, in his paper 
regarding Langmuir’s theory on arrange-
ment of electrons stated: ‘Between lutecium 
and tantalum an element of atomic number 
72 is to be expected. This would have the 
structure (2, 8, 18, 32, 8, 4), and would re-
semble zirconium’. In his note published in 
1922, Harold King11 also supported the 
view that the element celtium claimed by 
Urbain cannot be a rare earth.  
 In order to clarify this issue, Bohr deci-
ded to consult Dirk Coster, a Dutch physi-
cist who had worked with the Swedish 
physicist Manne Siegbahn, who had pio-
neered new techniques and equipment for 
X-ray spectroscopy. Coster concluded that 
the two X-ray lines referred to by Urbain 
and Dauvillier probably arose from impu-
rities in the sample. George Hevesy, who 
was also convinced about this conclusion, 
decided to take up the search of element 
72, and he persuaded Coster to join him in 
the effort. ‘We did not know at the time 
whether this element would be found asso-
ciated with thorium or with zirconium but 
considered the latter the more probable12.’ 
The first such sample to be examined was 
that of a concentrate of a Norwegian zircon 
mineral obtained from the Mineralogy 
Museum in Copenhagen, Denmark. The 
sample was treated to remove acid-soluble 
constituents, and the very first exposure of 
the residue taken by Coster indicated the 
presence of a new element. Sustained ef-
forts by Coster and Hevesy on purification 
of the samples finally yielded unambiguous 
indication of a new element on 9 Decem-
ber 1922 (ref. 13). On 11 December 1922, 
Coster informed about this discovery to 
Bohr who was in Stockholm, Sweden to 
receive the Nobel Prize, and Bohr men-
tioned the discovery of hafnium in his No-
bel Prize lecture. 
 To quote Hevesy12 himself, ‘Bohr’s theory 
of the arrangement of the electrons in the 
different chemical elements was the impe-
tus for the search for a missing member of 
the titanium group in exactly the same way 
as Mendejeleff’s generalisation induced the 
search for other missing members of the 
periodic system.’  
 In January 1923, Coster and Hevesy14 
announced the discovery of an element 
with atomic number 72 by experimental 
analysis of the X-ray spectra of extracts of 
several zirconium minerals. They proposed 

the name ‘hafnium’ for this element after 
the city of Copenhagen (Hafniae is the 
Latin name for Copenhagen), where the 
element was first unambiguously identified. 
They further showed that hafnium detected 
by them in zirconium minerals possessed 
physical and chemical properties quite diffe-
rent from those ascribed to celtium15. How-
ever, Urbain continued to assert that celtium 
discovered by him was the same as hafni-
um and claimed priority for the discovery. 
 Hansen and Werner16 obtained the optical 
spectrum of hafnium preparations provided 
by Coster and Hevesy, and compared it 
with the characteristic spectrum ascribed 
by Urbain17 to celtium. They did not find 
any evidence of the lines reported by Urbain 
in their plates, confirming that the element 
claimed to be celtium by Urbain was not 
element 72. They published a detailed re-
port on the optical spectrum of hafnium18. 
In a subsequent paper, Coster and Hevesy2 
further confirmed that the lines reported by 
Urbain as belonging to ‘celtium’ were in 
fact identical to those of the element 71 
(lutetium). (Later, Urbain himself expressed 
the conjecture that the lines reported by 
him as belonging to a new element were in 
fact corresponding to the spark spectrum 
of element 71; ref. 19.) Urbain was subse-
quently ready to admit that his 1911 claim 
had been unjustified, and furthermore that 
celtium should indeed be classified as a 
homologue of zirconium and not as a rare 
earth element. However, he and Dauvillier 
continued to maintain that they still deserved 
credit for the discovery of this element19. 
 The controversy regarding the identifi-
cation of element 72 as well as the naming 
of the element continued to find its expres-
sion in various journals in 1923, and these 
issues were also influenced by the alle-
giance to different countries. For example, 
in 1918, Alexander Scott, chief chemist at 
the British Museum, UK, had isolated a 
new oxide from black sand samples that he 
had obtained from New Zealand, and after 
the report by Coster and Hevesy2, he clai-
med that his oxide sample was indeed the 
oxide of the element 72. Scott claimed pri-
ority for the discovery and gave it the name 
‘oceanium’. This was welcomed by the 
British chemistry community. (However, 
much later this compound was proved to 
be titanium oxide with some traces of silicon 
dioxide. More details can be found in the 
interesting reviews by Kragh and Robert-
son19, and Kragh20.) However, Hevesy conti-
nued his thorough investigations and further 
characterized hafnium. He reported the 
separation of pure hafnium from zirconium 
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samples obtained from a variety of sources 
by crystallization of ammonium zirconium 
double fluoride21. He also reported the 
atomic weight of hafnium22. Pure metallic 
hafnium was first prepared in 1925 by Anton 
Eduard van Arkel and Jan Hendrik de Boer 
at Philips Natlabs, Eindhoven, The Nether-
lands23.  

Hafnium as an impurity in zirconium: 
effect on nuclear applications 

The need for the use of high-purity zirco-
nium as clad material provided the impetus 
for the development of large-scale purifi-
cation of zirconium for the removal of 
hafnium. For use as clad or core structural 
material in a water-cooled reactor, the ma-
terial (element or alloy) should possess 
three important properties: (a) good high-
temperature properties, (b) corrosion resi-
stance and (c) poor neutron absorption. 
Zirconium readily meets the first two re-
quirements; however, natural zirconium 
invariably contains hafnium to the extent 
of a few per cent. The thermal neutron 
cross-section of natural hafnium is 101.5 
barns, very high compared to the value for 
zirconium (0.184 barns). For use in water 
cooled nuclear reactors, therefore, the haf-
nium content of zirconium should be of the 
order of 100 ppm. Thus, to remove hafnium 
from zirconium, plant-scale separation pro-
cesses had to be developed. 
 The first method employed for the sepa-
ration of hafnium from zirconium was fra-
ctional crystallization. Thal Jantzen and 
Hevesy24 successfully separated hafnium 
from zirconium by repeated recrystallization 
of the hexafluorides (NH4)2ZrF6 and K2ZrF6. 
The product still contained significant con-
centration of columbium, the removal of 
which was accomplished by additional 
steps25. In the late 1940s, researchers in 
Oak Ridge, USA, developed methods for 
large-scale separation of zirconium from 
hafnium based on solvent extraction26. Cur-
rently, preferential extraction of zirconium 
by a suitable solvent is widely employed 
for obtaining ‘nuclear-grade’ zirconium.  
 The development of the separation pro-
cess can be considered as key for the uni-
versal deployment of zirconium as a clad 
and core structural material in water-cooled 
nuclear reactors. 

Applications of hafnium 

Hafnium as a control rod material for nu-
clear reactors: Natural hafnium has six 
isotopes – 174Hf(0.16%), 176Hf(5.26%), 

177Hf(18.6%), 178Hf(27.28%), 179Hf(13.62%), 
180Hf(35.08%). (174Hf is a radioactive iso-
tope with a long half life of 7 × 1016 years). 
All these isotopes absorb thermal neutrons 
to varying extents. The use of hafnium as a 
neutron absorber to control nuclear reac-
tors provides advantages such as the longer 
nuclear life of hafnium (when compared to 
boron, conventionally used as an absorber), 
the stability of the material (due to the fact 
that the neutron absorption reaction does 
not result in the production of gaseous ele-
ments, unlike in the case of boron) and low 
swelling. 
 Hafnium has been used as a control rod 
material in the US naval reactors and also 
some early pressurized water reactors27. 
The first core of the Shippingport Atomic 
Power Station (a conversion of a naval re-
actor) used hafnium as the control rod ma-
terial. Hafnium was used for the first time  
in 1997 in the VVER-1000 control rods 
(Rivne nuclear power plant in Ukraine). 
Hafnium is also currently used as the con-
trol rod material for the APSARA-U res-
earch reactor operational at Trombay, India 
since September 2018 (ref. 28). It is also a 
candidate material for control rods of fast 
reactors and molten salt reactors. 
 
Other applications: Hafnium has been used 
in superalloys for high-temperature appli-
cations, e.g. turbine blades and rocket 
thrusters. Alloys with nominal composition 
Nb–10%Hf–1%Ti have been used in the 
aerospace industry. Hafnium has also been 
used in X-ray tubes and the photovoltaic 
industry. For more information on the ap-
plications of hafnium, readers may access 
https://www.totalmateria.com/page.aspx? 
ID=CheckArticle&site=ktn&NM=297. 
 Persistent reduction in the size of the 
transistors used in computer processors has 
been key to their improved performance. 
In 2007, Intel and IBM reported that the use 
of hafnium-based transistor materials could 
result in denser and faster microprocessors 
that would also consume less power29. 
Hafnium oxide is now widely used as a di-
electric or insulating material in the tran-
sistor gates. 

Summary 

The discovery of hafnium is a fascinating 
story that is deeply intertwined with the 
development of chemical principles, the 
periodic table and atomic structure. In ad-
dition, it underscores the importance of 
rigorous experimentation in identifying 
new elements. The editorial in the 19 Jan-

uary 2023 issue of Nature has aptly high-
lighted that ‘Hafnium came to represent a 
victory against those determined to under-
mine evidence based discovery.’  
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