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1. Introduction

Tungsten  oxides  (WO3-y)  and  tungsten  bronzes  (MxWO3-y)  have  attracted  significant 

attention in recent decades, because they are applied in several fields. Since nearly a century, 

these compounds are the most important starting materials for light source and hardmetal 

industry. In addition they play also significant role in gas sensors, photoelectrochemical cells, 

secondary batteries, chromogenic (electro-, photo- and thermochromic) devices with tunable 

colour, and in organic and photocatalysis. 

Two materials have been in the focus of my research (Fig. 1): hexagonal tungsten trioxide, 

h-WO3 and hexagonal ammonium tungsten bronze (HATB), (NH4)xWO3–y. Due to its open-

tunneling structure, h-WO3 is one of the most intensively researched tungsten oxides. HATB 

differs in that there are NH4
+ ions (as well  as NH3 molecules) in its six-sided,  hexagonal 

channels. HATB has mixed (electron and proton) conductivity and significant ion exchange 

property. Owing to their outstanding characteristics,  the use of HATB and h-WO3 is very 

promising in the above mentioned fields. 

Figure 1. Research goals of PhD research work

2. Experimental

The  starting  material  of  my  research  work  was  ammonium  paratungstate  (APT) 

(NH4)10[H2W12O42]⋅4H2O (Starck GmbH). By reducing APT (H2, 400 °C) I prepared a pure 

hexagonal  ammonium  tungsten  bronze  sample  with  a  composition  of 

(NH4)0.07(NH3)0.04(H2O)0.09WO2.95. By annealing the HATB sample (in air, N2 and 10 % H2/Ar 

atmospheres,  between 470-550 °C),  I  prepared  oxidized  and reduced h-WO3 samples.  To 

explore the phase transformations of various tungsten oxides and tungsten bronzes, I prepared 

several intermediate samples by heating APT, HATB and h-WO3 at various temperatures. 
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During the thermal decomposition of the samples, the weight changes and heat effects were 

followed  by  simultaneous  thermogravimetry  and  differential  thermal  analysis  (TG/DTA). 

Evolved gases were measured by a mass spectrometer (TG/DTA-MS) and an infrared gas cell 

(TG-FTIR) coupled on-line to thermal balances. Crystalline structure of solid samples was 

studied by powder  X-ray diffraction (XRD).  Reversible phase transformations at  elevated 

temperatures were investigated by in situ high temperature powder X-ray diffraction (HT-

XRD).  Morphology  of  samples  was  revealed  by  scanning  electron  microscopy  (SEM). 

Oxidation state of tungsten atoms was measured by X-ray photoelectron spectroscopy (XPS). 

Amount of NH4
+ ions and NH3 molecules was determined by solid state  1H-MAS (magic 

angle spinning) NMR spectroscopy. Bonds between atoms were studied by infrared (FTIR) 

and Raman spectroscopy. Resistance and specific surface measurements were conducted on 

selected samples. Finally several samples were tested as gas sensors. 

3. Completed research work, results and application possibilites

3.1. Application of hexagonal ammonium tungsten bronze (HATB), (NH4)xWO3–y in light 

source industry

At first I studied the role of HATB in the production of tungsten for light source industry. 

This  part  of  research  was  partly  funded  by  General  Electric  Hungary  ZRt.  In  tungsten 

production, ammonium paratungstate (APT), (NH4)10[H2W12O42]⋅4H2O is reduced thermally in 

consecutive  steps.  This  results  in  tungsten  metal  powder,  which  is  used  then  to  prepare 

tungsten filaments and electrodes. Tungsten wires used in lamps have to doped with K+ to 

ensure appropriate high temperature creep resistance, and K+ has to be introduced into an 

intermediate product of tungsten production. The basic technology of doping was invented 

nearly a hundred years ago, yet the occuring reactions are so complicated, that many aspects 

of  them have  been still  not  revealed.  Due to  its  significant  ion exchange property,  some 

reseachers consider HATB to be one of the most suitable intermediates to introduce K+.  My 

research goal was to determine, where potassium binds during the ion exchange reaction: only 

on the surface of HATB particles, or it also builds into the structure. This may influence the 

characteristics of tungsten powder and tungsten wire prepared from HATB. To decide this 

question, I had to study how the structure and composition of HATB changes during the ion 

exchange reaction, and for this I needed pure, high quality HATB, which I had to prepare first. 
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Thus, to gain information about the formation of HATB, at  first I  studied the thermal 

decomposition of APT in inert, oxidative and reductive atmospheres (analytical techniques: 

TG/DTA-MS, TG-FTIR, XRD, FTIR), since HATB forms through the annealing of APT. As a 

result,  I  could  explain  several,  previously  not  well  understood  reactions  of  tungsten 

production. I studied the parameters, which influence the formation of pure HATB (analytical 

technique: in situ XRD), and made up a structural model on the formation of HATB. Based on 

this,  I  prepared pure,  monophase HATB nanoparticles.  I  could determine the structure of 

HATB more precisely than previously, and I revealed that NH4
+ ions could be situated at three 

different positions in the structure. I explored the structure of further ammonium tungsten 

bronzes, which formed through annealing HATB during tungsten production. 

Then I studied the ion exchange reaction between HATB and K+ ion. I investigated the 

structure of HATB before and after the ion exchange reaction (analytical techniques: XRD, 

FTIR, Raman, XPS, 1H-MAS NMR, SEM). Since usually doping with K+ causes changes in 

the  thermal  behaviour  of  tungsten  oxides  and  tungsten  bronzes,  I  studied  the  thermal 

decomposition of HATB in inert, oxidative and reductive atmospheres before and after the ion 

exchange reaction (analytical techniques: TG/DTA-MS, XRD, SEM, XPS, Raman, 1H-MAS 

NMR). I concluded that K+ ion bound not only on the surface of the particles, but it also built 

into  the  structure  of  HATB,  and  through  this  it  contributed  significantly  to  the  high 

temperature creep resistance of tungsten wire prepared from HATB. 

Based on the results, I made proposals to General Electric Hungary ZRt. about how to 

improve tungsten production and increase its efficiency. Some of these are industrial secrets, 

therefore  I  cannot  report  about  them in  the  PhD dissertation  and defense  lecture.  In  the 

dissertation and lecture  I  present  those new scientific  results  in  connection with tungsten 

production, which are not classified information.

3.1. Application of hexagonal tungsten oxide, h-WO3 in gas sensors

The second compound in the focus of my PhD work, i.e. h-WO3 can be prepared – among 

others – through annealing HATB. Since due to the light source industry research, I had a very 

good quality HATB at my diposal, I broadened the investigations towards the preparation, 

structure, composition, thermal stability and gas sensing of h-WO3.

Due to the extensive research, now h-WO3 can be prepared with various morphology (in 

the form of nanoparticles, nanosheets, nanowires, nanotubes). Since most studies focused on 

the morphology, little attention was paid to controlling the composition (amount of residual 
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ions and molecules coming from precusors, ratio of W and O atoms). However, composition 

of tungsten oxide nanosystems can be quite important for some applications (e.g. gas sensors). 

Therefore, my second main research goal has been to solve this problem and find a way to 

control the composition of h-WO3. 

I supposed that by adjusting properly the annealing temperature and atmosphere of HATB, 

the composition of the as-obtained h-WO3 (amount of residual NH4
+ and NH3, W/O ratio) 

could be varied in a broad range. To achieve this, at first I had to study the formation of h-

WO3 through annealing  HATB,  and check the  effect  of  experiemental  parameters  on  the 

structure, morphology and composition of h-WO3 (analytical techniques: TG/DTA-MS, XRD, 

SEM, XPS, Raman, 1H-MAS NMR, specific surface and resistivity measurements). 

I found that residual NH4
+ ions and NH3 molecules in h-WO3 were vital for the structure of 

h-WO3:  when I  removed them completely,  the  structure collapsed.  On the basis  of  this  I 

propose that in general stabilizing ions are needed to maintain the hexagonal tungsten oxide 

framework. Attention must be paid to these stabilizing impurities, because they can influence 

the electrical parameters, and thus the oparation of devices, which are based on h-WO3.  I 

proved that stoichiometric h-WO3 did not exist, and in fact h-WO3 was in real a hexagonal 

tungsten bronze with low ion content. I revealed that the cell parameters of HATB and h-WO3 

were not determined only by the packing of the hexagonal channels – as believed earlier –, 

but also at least as much by the oxidation state of tungsten atoms. By proper adjustment of the 

heating conditions of HATB, I managed to control the compositon of h-WO3, and I prepared 

oxidized and reduced h-WO3 samples.

As I intended to use the as-prepared h-WO3 samples for gas sensing, I had to check their 

thermal  stability  (analytical  techniques:  TG/DTA-MS,  in  situ  XRD),  since  semiconductor 

oxide gas sensors (like h-WO3) usually operate between 200-400 °C. The results showed that 

h-WO3 was stable up to 400-550 °C, and the preparation route affected the thermal behaviour 

of h-WO3 a great deal.

Finally  I  tested  h-WO3 samples  with  different  composition  as  gas  sensors  (analytical 

technique: gas sensing test). I found that the composition and crystalline structure of tungsten 

oxides influenced the sensing properties significantly. Oxidized h-WO3 responded twice faster 

to H2S, than reduced h-WO3. Oxidized h-WO3 was absolutely selective to H2S in the presence 

of CH4, CO, NO and H2, while monoclinic WO3 was only relatively selective. My h-WO3 

sample, prepared through annealing HATB, proved to be considerably better NH3 sensor, than 

h-WO3 samples prepared through the widespread hydrothermal synthesis.
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3. Theses (New scientific results)

1. During  the  thermal  oxidation  of  ammonium  paratungstate  (APT), 

(NH4)10[H2W12O42]⋅4H2O, besides the release of ammonia and water, also N2O and NO 

gases  evolve.  The  presence  of  nitrous  oxides  proves  the  combustion  of  as-released 

ammonia. Exothermic peaks at 340 °C and 440 °C on the DTA curve are caused by the 

heat coming from the burning of ammonia [1].

2. During  the  thermal  decomposition  of  APT  in  inert  and  reductive  atmospheres,  the 

exothermic heat effect around 400 °C on the DTA curve is explained by the crystallization 

heat  of  hexagonal  ammonium  tungsten  bronze  (HATB),  (NH4)xWO3–y and  tetragonal 

hydrogen tungsten bronze  (THTB),  HxWO3–y,  which form through the ordering of  the 

amorphous  material  appearing  during  the  decomposition  [1,2,3].  The  exothermic  heat 

effect around 700-800 °C, which appears during further reduction of APT, is caused by the 

formation of the reduction intermediate WO2.72 phase [3].

3. Formation  of  HATB is  affected  the  most  by  the  heating  program during  the  thermal 

decomposition of APT. The structural explanation to this is that in case of heating APT 

rapidly, more NH4
+ and NH3 get trapped in the as-formed amorphous material. As NH4

+ 

and NH3 fit only into the hexagonal channels of HATB, while into the cavities of HxWO3–y 

they do not, this results in the formation of more HATB. In harmony with this model, pure 

HATB nanoparticles can be prepared by heating APT rapidly up to 400 °C, and keeping it 

there  isothermally in  reducing atmosphere.  Composition and powder X-ray diffraction 

data of HATB sample obtained this way are: (NH4)0.07(NH3)0.04(H2O)0.09WO2.95,  P63/mcm, 

No. 193 space group, a = 0.7386 +/- 0.0001 nm, b = 0.7538 +/- 0.0002 nm [4].

4. During the ion exchange reaction between the NH4
+ ions of HATB and K+ ions, the size of 

unit cell of HATB decreases. This is caused by that smaller K+ ions (ionic radius of K+ is 

0.133 nm) partly substitute the larger NH4
+ ions (ionic radius of NH4

+ is 0.143 nm) in the 

hexagonal channels of HATB. Due to this, after the ion exchange the amount of NH4
+ and 

NH3 on  the  surface  of  particles  increases  (increased  NH3 release  from the  surface  of 

particles), while it decreases in the hexagonal channels (decreased NH3 release from the 

hexagonal channels). These point to that during the ion exchange reaction K+ ions bind not 

only on the surface of particles, but they also build into the structure of HATB [5].

5. Ammonia, originating from the NH3 and NH4
+ content of HATB, is released between 250-

550  °C  in  three  overlapping  steps  during  the  thermal  decomposition  of  HATB.  The 
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explanation of the three overlapping steps is that  NH4
+ ions and NH3 molecules can be 

situated in three different positions in HATB: on the surface of particles, in the disordered 

regions between crystallites, and in the hexagonal channels of crystallites [6].

6. Another ammonium tungsten bronze, whose structure was disputed previously, appears in 

pure  form  at  650  °C  during  the  reduction  of  HATB.  The  compound  is  built  up  by 

nanoparticles, has hexagonal structure and should be named as  β-hexagonal ammonium 

tungsten  bronze,  β-HATB.  Its  composition  and  powder  X-ray  diffraction data  are: 

(NH4)0.001WO2.79, a = 0,7305 +/- 0.0002 nm, c = 0.7568 +/- 0.0002 nm [7].

7. Nanosize,  pure hexagonal  tungsten oxide (h-WO3)  can be  prepared by heating HATB 

between  400-550  °C.  The  as-prepared  h-WO3 is  stable  up  to  400-550  °C,  but  the 

preparation route affects its thermal stability a great deal [8].

8. Residual  NH4
+ ions  and  NH3 molecules  in  h-WO3,  which  originate  from  the  HATB 

precursor, are vital for the structure of h-WO3: the hexagonal structure collapses after their 

complete removal. In general it is proposed that stabilizing ions are needed to maintain the 

hexagonal tungsten oxide framework. It follows that pure, stoichiometric h-WO3 does not 

exist, it is just an idealized compound. In real h-WO3 is a hexagonal tungsten bronze with 

low ion content [6]. Cell parameters of HATB and h-WO3 are not determined only by the 

packing of the hexagonal channels, but also at least as much by the oxidation state of 

tungsten atoms [7].

9. Composition of h-WO3 can be controlled by adjusting properly the heating conditions 

(annealing  temperature  and  atmosphere)  of  HATB.  With  this  method,  oxidized  and 

reduced h-WO3 samples can be prepared in a wide composition range [6].

10. Composition of h-WO3 affects its gas sensing a great deal, as oxidized h-WO3 responds 

twice faster to H2S, than reduced h-WO3 [6]. Oxidized h-WO3 is also highly sensitive and 

reproducible as NH3 sensor [9]. The oxidized h-WO3 sample prepared by annealing HATB 

is  considerably  better  NH3 sensor  than  h-WO3 samples  prepared  by  the  widespread 

hydrothermal synthesis [10]. Crystalline structure of tungsten oxides is also decisive on 

gas sensing. Oxidized h-WO3 is an absolutely selective gas sensor to H2S in the presence 

of CH4, CO, NO and H2 gases, while monoclinic WO3 is just relatively selective [10].

7



4. Publications

Sum of impact factors (IF – impact factor): 34,585
Sum of independent citations (CI – citation index): 22

Journal papers, which the PhD dissertation is based on

1. J. Madarász, I.M. Szilágyi, F. Hange, G. Pokol: Comparative evolved gas analyses (TG-
FTIR, TG/DTA-MS) and solid state (FTIR, XRD) studies on thermal decomposition of 
ammonium paratungstate tetrahydrate (APT) in air. 
Journal of Analytical and Applied Pyrolysis 2004, 72, 197-201. 
(IF 2004: 1,352; CI: 4)

2. I.M. Szilágyi  , J. Madarász, F. Hange, G. Pokol: On-line evolved gas analyses (EGA by 
TG-FTIR and TG/DTA-MS) and solid state (FTIR, XRD) studies on thermal 
decomposition and partial reduction of ammonium paratungstate tetrahydrate. 
Solid State Ionics 2004, 172, 583-586. 
(IF 2004: 1,862; CI: 4)

3. I.M. Szilágyi  , J. Madarász, F. Hange, G. Pokol: Evolved gas analysis (TG/DTA-MS) and 
solid state studies (XRD, FTIR) on the partial thermal reduction of ammonium 
paratungstate tetrahydrate. 
Journal of Thermal Analysis and Calorimetry 2007, 88, 1, 139-144.
(IF 2007: 1,483; CI: 2)

4. I.M. Szilágyi  , F. Hange, J. Madarász, G. Pokol: In situ HT-XRD study on the formation of 
hexagonal ammonium tungsten bronze by partial reduction of ammonium paratungstate 
tetrahydrate. 
European Journal of Inorganic Chemistry 2006, 17, 3413-3418.
(IF 2006: 2,704; CI: 3)

5. I.M. Szilágyi  , J. Madarász, G. Pokol, F. Hange, G. Szalontai, K. Varga-Josepovits, A.L. 
Tóth: The effect of K+ ion doping on the structure and thermal reduction of hexagonal 
ammonium tungsten bronze. 
Journal of Thermal Analysis and Calorimetry 2009, accepted
(IF 2007: 1,483)

6. I.M. Szilágyi  , J. Madarász, G. Pokol, P. Király, G. Tárkányi, S. Saukko, J. Mizsei, A.L. 
Tóth, A. Szabó, K. Varga-Josepovits: Stability and controlled composition of hexagonal 
WO3. 
Chemistry of Materials 2008, 20, 4116-4125.
(IF 2007: 4,883; CI: 2)

7. I.M. Szilágyi  , J. Madarász, G. Pokol, I. Sajó, P. Király, G. Tárkányi, A.L. Tóth, A. Szabó, 
K. Varga-Josepovits: Phase transformations of ammonium tungsten bronzes. 
Journal of Thermal Analysis and Calorimetry 2009, accepted
(IF 2007: 1,483)

8. I.M. Szilágyi  , J. Pfeifer, C. Balázsi, A.L. Tóth, K. Varga-Josepovits, J. Madarász, G. 
Pokol: Thermal stability of hexagonal tungsten trioxide. 
Journal of Thermal Analysis and Calorimetry 2008, 94, 499-505.

8



(IF 2007: 1,483)

9. I.M. Szilágyi  , L. Wang, P.-I. Gouma, C. Balázsi, J. Madarász, G. Pokol: Preparation of 
hexagonal WO3 from hexagonal ammonium tungsten bronze for sensing NH3. 
Materials Research Bulletin 2009, 44, 505-508.
(IF 2007: 1,484)

10. C. Balázsi, L. Wang, E.O. Zayim, I.M. Szilágyi, K. Sedlackova, J. Pfeifer, A.L. Tóth, P.I. 
Gouma: Nanosize hexagonal tungsten oxide for gas sensing applications. 
Journal of the European Ceramic Society 2008, 28, 913-917.
(IF 2007: 1,562; CI: 3) 

11. I.M. Szilágyi  , S. Saukko, J. Mizsei, A.L. Tóth, J. Madarász, G. Pokol: Gas sensing 
selectivity of hexagonal and monoclinic WO3 to H2S. 
Solid State Sciences 2009, submitted
(IF 2007: 1,698)

Further journal papers

12. O. Czakkel, E. Geissler, I.M. Szilágyi, E. Székely, K. László: Cu doped RF polymer and 
carbon aerogels. 
Journal of Colloid and Interface Science 2009, beküldve 
(IF: 2007: 2,309)

13. L.P. Fernandes, W.P. Oliveira, J. Sztatisz, I.M. Szilágyi, C. Novák: Solid state studies on 
molecular inclusions of lippia sidoides essential oil obtained by spray drying.
Journal of Thermal Analysis and Calorimetry 2009, elfogadva
(IF 2007: 1,483)

14. O. Czakkel, I.M. Szilágyi, E. Geissler, N. Kanellopoulos, K. László: Morphological 
characterization of oxidized and metal impregnated spherical carbons. 
Progress in Colloid and Polymer Science 2008, 135, 139-147.
(IF 2007: 1,620)

15. C.L. Dezelah IV, O.M. El-Kadri, I.M. Szilágyi, J.M. Campbell, K. Arstila, L. Niinistö, 
C.H. Winter: Atomic layer deposition of tungsten(III) oxide thin films from W2(NMe2)6 

and water: precursor-based control of oxidation state in the thin film material. 
Journal of the American Chemical Society 2006, 128, 9638-9639.
(IF 2006: 7,696; CI: 4)

Book chapter in connection with PhD work

1. C. Balázsi, L. Wang, K. Kalyanasundaram, K. Sedlackova, E. Ozkan Zayim, I.M. 
Szilágyi, J. Pfeifer, A.L. Tóth, P.-I. Gouma: Synthesis and examination of hexagonal 
Tungsten oxide nanocrystals for electrochromic and sensing applications. 
NATO Science for Peace and Security Series C: Environmental Security; Sensors for 
Environment, Health and Security, 2009, 77-91, doi: 10.1007/978-1-4020-9009-7_5

9

http://springer.om.hu/content/p16513/?p=b8ea0da5ea914ed1b4925afa332f7eb6&pi=0
http://springer.om.hu/content/p16513/?p=b8ea0da5ea914ed1b4925afa332f7eb6&pi=0
http://www.springerlink.com/content/q05263/?p=77cd764988a54380a7a3d8122a5c2268&pi=0


Conference proceedings papers in connection with PhD work 

1. I.M.  Szilágyi  :  Incorporatation  of  K+ ion  into  nanosize  (NH4)xWO3 particles  (in 
Hungarian). Proceedings of „Tavaszi Szél” [Spring Wind] Conference, 23-25 May 2008, 
Budapest, Hungary, p. 80-87.

2. I.M. Szilágyi  , S. Saukko, J. Mizsei, P. Király, G. Tárkányi, A.L. Tóth, A. Szabó, K. Varga-
Josepovits,  J.  Madarász, G. Pokol:  Controlling the composition of nanosize hexagonal 
WO3 for gas sensing.  Proceedings of the VI. Hungarian Materials Science Conference, 
14-16 June 2007 Siófok, Hungary, Materials Science Forum, 2008, 589, p. 161-165. 

3. L.  Wang,  J.  Pfeifer,  C.  Balázsi,  I.M.  Szilágyi,  P.I.  Gouma:  Nanostructured  hexagonal 
tungsten  oxides  for  ammonia  sensing.Proceedings  of  SPIE,  9-12,  September  2007, 
Boston, MA, USA, Vol. 6769, p. 67690E

4. C. Balázsi, A.K. Prasad, L. Wang, E.O. Zayim, I. M. Szilágyi, J. Pfeifer, A.L. Tóth, P.-I. 
Gouma: Tungsten  oxide  nanocrystals  for  electrochromic  and  sensing 
applications.Proceedings of 10th International Conference and Exhibition of the European 
Ceramic Society, 17-21 June 2007, Berlin, Germany, p. 860-865.

5. I.M. Szilágyi,   F.  Hange,  J.  Madarász,  G. Pokol:  Study of the formation of  hexagonal 
ammonium  tungsten  bronze  through  reduction  of  ammonium  paratungstate  (in 
Hungarian).  Proceedings  of  XXVIIIth Chemical  Lecture  Days,  24-26  October  2005, 
Szeged, Hungary, p. 92-97.

Conference presentations in connection with PhD work – plenary and invited lectures 

1. I.M. Szilágyi:   Formation, structure and application of tungsten oxides. Use of combined 
and coupled thermoanalytical techniques. Perkin Elmer-ICTAC Young Scientist Award 
Lecture, 14th International Conference on Thermal Analysis and Calorimetry, 14-16 
September 2008, Sao Pedro, Brazil (plenary lecture)

Conference presentations in connection with PhD work – contributed lectures and posters

2. I.M. Szilágyi,   P.P. Varga, D. Janke, J. Madarász, G. Pokol: Application of thermal analysis 
in materials science (in Hungarian). 11. Labortechnika Exhibition, Thermal Analysis  
Lecture Day, 03 February 2009, Budapest, Hungary (lecture)

3. I.M. Szilágyi,   J. Madarász, G. Pokol: Role of thermal analysis in analysing the structure, 
composition and gas sensing application of nanosize tungsten oxides (in Hungarian). Joint  
meeting of the Organic Analytical and Thermoanalytical Groups of the Hungarian 
Chemical Society, 09 December 2008, Budapest, Hungary (lecture) 

4. I.M. Szilágyi  , J. Madarász, G. Pokol, S. Saukko, J. Mizsei: Nanosize tungsten oxides for 
gas sensing and ion exchange applications. European Materials Research Society Spring 
Meeting, 26-30 May 2008, Strasbourg, France (poster)

5. I.M. Szilágyi  : Incorporatation of K+ ion into nanosize (NH4)xWO3 particles (in 
Hungarian). „Tavaszi Szél” [Spring Wind] Conference, 23-25 May 2008, Budapest, 
Hungary (lecture)

6. I.M. Szilágyi  : Preparation, structure and application of tunsgten oxides. Use of combined 
and coupled thermoanalytical techniques. (in Hungarian) Workshop of the 

10

file:///E:\htm\cd_authors.htm%3FLetter=B##
file:///E:\htm\cd_authors.htm%3FLetter=B##


Thermoanalytical Workgroup of the Hungarian Academy of Sciences, 22 May 2008, 
Budapest, Hungary (lecture)

7. I.M. Szilágyi  , J. Madarász, G. Pokol: Application of nanosize tungsten oxides in 
incandescent lamp production and gas sensors (in Hungarian). 11th

 PhD School of the 
Chemical Research Center of the Hungarian Academy of Sciences, 21-22 April 2008, 
Mátrafüred, Hungary (lecture)

8. I.M. Szilágyi  , J. Madarász, Gy. Pokol: Application of nanosize tungsten oxides in light 
source industry and gas sensors (in Hungarian). 5th Conference of the George Olah PhD 
School of BME, 8 February 2008, Budapest, Hungary (lecture)

9. I.M. Szilágyi  , J. Madarász, P. Király, G. Tárkányi, A.L. Tóth, A. Szabó, K. Varga-
Josepovits, G. Pokol: Controlling the composition of nanosize h-WO3 for gas sensors. 7th 

Students' Meeting - Processing and Application of Ceramics, 6-8 December 2007, Novi 
Sad, Serbia (lecture)

10. I.M. Szilágyi  , J. Madarász, G. Pokol, S. Saukko, J. Mizsei: Nanosize hexagonal WO3 for 
gas sensor and ion exchange applications. NanoMemCourse EF1 Nanostructured material  
and membrane synthesis and characterisation, 7-16 November 2007, Zaragoza, Spain 
(poster)

11. I.M. Szilágyi  , J. Madarász, P. Király, G. Tárkányi, A.L. Tóth, A. Szabó, K. Varga-
Josepovits, G. Pokol: Preparation of nanosize h-WO3 with controlled composition for gas 
sensors. VI. Hungarian Materials Science Conference, 14-16 October 2007, Siófok, 
Hungary (poster)

12. C. Balázsi, L. Wang, K. Kalyanasundaram, K. Sedlackova, E.O. Zayim, I.M. Szilágyi, J. 
Pfeifer, A.L. Tóth, P.I. Gouma: Synthesis and examination of hexagonal tungsten oxide 
nanocrystals for electrochromic and sensing applications. NATO-ASI Sensors For 
Environment, Health and Security, 17-26 September 2007, Vichy, France (lecture)

13. I.M. Szilágyi  , J. Madarász, A. Szabó, K. Varga-Josepovits, G. Pokol: Formation of 
hexagonal WO3 with controlled composition and morphology from hexagonal ammonium 
tungsten bronze for sensors and chromogenic devices. 10th International Conference and 
Exhibition of the European Ceramic Society, 17-21 June 2007, Berlin, Germany (lecture)

14. C. Balázsi, L. Wang, E.O. Zayim, I.M. Szilágyi, J. Pfeifer, A.L. Tóth, P.-I. Gouma: 
Hexagonal tungsten oxide nanocrystals for electrochromic and sensing applications. 10th 

International Conference and Exhibition of the European Ceramic Society, 17-21 June 
2007, Berlin, Germany (lecture)

15. I.M. Szilágyi  , J Madarász, A. Szabó, K. Varga-Josepovits, G. Pokol: Preparation of 
hexagonal WO3 with controlled composition for sensor and electrochromic devices. 1st 

Joint Czech-Hungarian-Polish-Slovakian Thermoanalytical Conference, 29 May – 01 
June 2007, Sopron, Hungary (lecture)

16. C. Balázsi, L.Wang, E.O. Zayim, I.M. Szilágyi, K. Sedlackova, J. Pfeifer, A.L. Tóth, P.-I. 
Gouma: CNT/hexagonal tungsten oxides for gas sensing applications. 6th Workshop 
Engineering Ceramics, 6-10 May 2007, Smolenice, Slovakia (poster)

17. I.M. Szilágyi  , J. Madarász, A. Szabó. K. Varga-Josepovits, G. Pokol: Preparation of 
hexagonal WO3 with controlled composition and morphology (in Hungarian). 4th 

Conference of the George Olah PhD School of BME, 7 February 2007, Budapest, Hungary 
(lecture)
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18. I.M. Szilágyi  , J. Madarász, F. Hange, G. Pokol: Study on the thermal decomposition of 
hexagonal ammonium tungsten bronze. 9th European Symposium on Thermal Analysis and 
Calorimetry, 27-31 August 2006, Krakow, Poland (lecture)

19. I.M. Szilágyi  , J. Madarász, F. Hange, G. Pokol: Study on the thermal reduction of 
ammonium paratungstate. 9th European Symposium on Thermal Analysis and Calorimetry, 
27-31 August 2006, Krakow, Poland (poster)

20. I.M. Szilágyi  , J. Madarász, F. Hange, G. Pokol: Evolved gas analytical and in situ X-ray 
diffraction study on the thermal oxidation of hexagonal ammonium tungsten bronze. 17th 

International Symposium on Analytical and Applied Pyrolysis, 21-26 May 2006, Budapest 
Hungary (poster)

21. I.M. Szilágyi  , F. Hange, J. Madarász, G. Pokol: Formation of hexagonal WO3 through 
thermal decomposition of hexagonal ammonium tungsten bronze (in Hungarian). 3rd 

Conference of the George Olah PhD School of BME, 7 February 2006, Budapest, Hungary 
(lecture)

22. I.M. Szilágyi  , F. Hange, J. Madarász, G. Pokol: Study of the formation of hexagonal 
ammonium tungsten bronze through reduction of ammonium paratungstate (in 
Hungarian). XXVIIIth Chemical Lecture Days, 24-26 October 2005, Szeged, Hungary 
(lecture)

23. I.M. Szilágyi  , Gy. Pokol, J. Madarász, F. Hange: Formation, structure and doping of 
hexagonal ammonium tunsgten bronze (in Hungarian). Workshop of the Thermoanalytical 
Workgroup of the Hungarian Academy of Sciences, 02 May 2005, Budapest, Hungary 
(lecture)

24. J. Madarász,  I.M. Szilágyi, F. Hange, G. Pokol: Comparative evolved gas analyses (TG-
EGA-FTIR,  TG/DTA-EGA-MS)  and  solid  state  (FTIR,  XRD)  studies  on  thermal 
decomposition  of  ammonium  paratungstate  (APT),  on  one  of  the  basic  processes  in 
powder metallurgy of Tungsten Wires. XVth International Symposium on the Reactivity of  
Solids, 9-13 November 2003, Kyoto, Japan (poster)

25. I.M. Szilágyi  : Evolved gas analytical (TG-FTIR, TG/DTA-MS), X-ray powder diffraction 
and infrared spectroscopy study on  the thermal  decomposition of  a  raw materials  for 
tungsten  powder  metallurgy  (in  Hungarian).  XXVI.  National  Student  Scientific  
Conference, Chemistry and Cehmical Technology Section, Analytical Chemistry Group, 
2003, Budapest (lecture)

26. I.M. Szilágyi  : Precision and in situ high temperature X-ray powder diffraction study of the 
consitutents  and formation of „tungsten blue oxide”,  and evolved gas analytical  study 
(TG/DTA-MS,  TG-FTIR)  of  its  thermal  reduction  (in  Hungarian).  Student  Scientific  
Conference of BME, Faculty of Mechanical Engineering, Light Sources Section, 2003, 
Budapest (lecture)

27. I.M. Szilágyi  : Evolved gas analytical (TG-FTIR, TG/DTA-MS), X-ray powder diffraction 
and infrared spectroscopy study on  the thermal  decomposition of  a  raw materials  for 
tungsten  powder  metallurgy  (in  Hungarian).  Student  Scientific  Conference  of  BME, 
Faculty of Chemical Engineering, Light Sources Section, 2002, Budapest (lecture)

Further conference presentations – contributed lectures and posters

28. O. Czakkel, E. Székely, I.M. Szilágyi, E. Geissler, K. László: Distribution of transition 
metals in carbon aerogels. 22nd Conference of the European Colloid and Interface Society  
(ECIS), 31 August – 05 September, 2008, Krakow, Poland (poster)
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29. O. Czakkel, E. Székely, I.M. Szilágyi, E. Geissler, K. László: SAXS study on transition 
metals in resorcinol-formaldehyde derived carbon aerogels. PORANAL Conference 2008, 
27-29 August 2008, Debrecen Hungary (lecture)

30. O. Czakkel, E. Székely, I.M. Szilágyi, E. Geissler, K. László: Preparation of resorcinol 
formaldehyde gels for advanced carbon materials. Polymer Networks Group Conference, 
22-26 June 20, 2008, Larnaca, Ciprus (poster)

31. P. Molnár, P. Thorey, G. Bánsághi, E. Székely, J. Madarász, I.M. Szilágyi, L. Poppe, A. 
Tomin, S. Kemény, E. Fogassy, B. Simándi: Resolving trans-1,2-cyclohexanediol with 
supercitic carbon dioxide (in Hungarian). Conference of Technological and Analytical  
Application of Supercritic Solvents, 22 May 2008, Budapest, Hungary (lecture)

32. I.M. Szilágyi:   Is evolution a scientific fact or just a thesis not proved? Student Scientific  
Conference of BME, Faculty of Economic and Social Sciences, English Language Section, 
2001, Budapest (lecture)

5. Awards and scholarships 

- EU Marie Curie Intra European Fellowship (2009-2011)
- Main prize of the Scopus Young Scientist Award (2008)
- Scopus Young Scientist Award in Chemistry (2008)
- Perkin-Elmer  –  ICTAC  (International  Confederation  of  Thermal  Analysis  and 

Calorimetry) Young) Young Scientist Award (2008)
- Deák Ferenc Scholarship (2008-2009)
- Pro Patria et Scientia I. prize (2008)
- Mesiel Tibor prize (2004) 
- II.  prize  at  National  Student  Scientific  Conference,  Section  of  Chemistry  and 

Chemical Technology (2003)
- II. prizes at Student Scientific Conferences at BME (2003, 2002, 2001)
- Aschner  Lipót  research scholarship of  General  Electric  Hungary and BME (2002-

2004)
- Scholarship of the Hungarian Republic (2002-2004) 
- Scholarship of BME (2003/2004/II and 2001/2002/II semesters)
- Scholarship  of  Faculty  of  Chemical  Technology  and  Biotechnology,  BME 

(2003/2004/II and 2002/2003/II semesters)
- Irinyi János National Competition in Chemistry: placed at 19th (1996) and 17th (1995) 

rank
- Hevesy György National Competition in Chemistry: placed at 16th (1995) rank

6. Other recognitions

- Career Profile interview with I.M. Szilágyi in Science Careers (int he job and careers 
magazine of the journal Science): Elisabeth Pain: Testimony of a Young Christian 
Scientist. Science Careers, 19 February 2009, doi: 10.1126/science.caredita0900026, 
http://sciencecareers.sciencemag.org/career_magazine/previous_issues/articles/2009_02_
20/caredit.a0900026 
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