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ABSTRACT 

 
Carbon nanoparticles can be obtained by the pyrolysis 

of thermoset resorcinol (R) and formaldehyde (F)  
copolymers nanopheres. In comparison with carbon black 
nanoparticules commonly proposed by chemical products 
suppliers, their shape is more regular and well defined. In 
addition R/F carbon nanoparticle can be synthetized with a 
very narrow granular spreading. Three different synthesis 
pathways have been tested in the aim to obtain 200 nm 
diameter monodisperse particles. The polymerization in an 
emulsion stabilized using electrostatic repulsion, derived 
from Stöber method, gave the best results. 

 R/F carbon nanoparticles were used to make an inkjet 
printable dispersion in order to form resistive carbon thin 
films on Kapton substrate.  
 
Keywords: Carbon nanoparticles, inkjet-printing, synthesis, 
ink formulation, printed electronics. 
 
 

1 INTRODUCTION 
 

Nanoparticles thin layers deposition using inkjet 
technology makes possible to obtain low cost electrically 
active printed material on large area. It is also suitable for 
flexible support coating. Physical properties of these 
materials like resistivity can be adjusted due to their unique 
nanostructure. Thus, thin carbon nanoparticle films are 
suited for sensors developpement as shown Loffredo and al 
in their work [1].  

In this study, the particle diameter is maintained 
constant, from the perspective of controlling the film 
thickness during the printing step. 

Thin films are formed using inkjet printers adapted to 
suspensions made of nanoparticles dispersed in a liquid 
phase.  As the nozzles of this equipment are compatible 
with particle sizes between 100 nm and 1 µm, this 

technique demands the divided solid phase not to be 
agglomerated. Thus, the use of carbon nanoparticles which 
does not exhibit strong attractive interactions in aqueous 
media seems to be suitable for thin layers deposition.  

Firstly this work propose a synthesis protocol that 
makes possible to obtain carbon nanoparticles  and resulting 
inks in accordance with the requirements of thin layer 
deposition with injet printing [2]. Nanospheres are obtained 
starting from the synthesis of a thermoset resorcinol / 
formaldehyde copolymer which is later pyrolyzed. Several 
strategies are evaluated to reach the wanted nanostructure 
based on synthesis protocols already studied and published 
[3, 4, 5].  

After this synthesis step completed, studies have been 
carried out in order to obtain an optimal dispersion and 
stability of carbon nanoparticules in the dispersing medium. 
Then, we adapt them to the needs of thin layer deposition, 
i.e: obtain monodisperse 200 nm diameter carbon particles 
in sufficiently high quantities to feed properly the 
equipment. 

Finnaly, the obtained inks are used to build carbon 
resistive films. This process is developped in order to 
produce flexible anemometers and temperature sensors.  
 
 

2 EXPERIMENTAL  
 
2.1 Chemical compounds 

Resorcinol (99%), ethanol (99%), ammonium 
hydroxyde (30 % wt. aqueous solution), formaldehyde 
(36.5 % wt. aqueous solution with 8 % wt. methanol) and 
1,1,1,3,3,3-Hexamethyldisilazane (HDMS, 99 %), were 
puchased from Sygma-Aldrich. Propan-1-ol (99%), 
ethylene glycol (99%) and Triton X 100 (99%) were bought 
at Acros compagny. Vulcan XC 72 (carbon Black) 
nanoparticles were providied by Cabot. All products were 
used as received. 
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2.2 Printing and characterization 
equipments 

Inkjet printings were performed with a Dimatix
2800-DMP from Fujifilm using cartriges with 16 nozzles 
having a 21.5 µm diameter. Raman analysis were carried 
out  with on a Raman Lab HR 880 spectrometer (Horiba 
Jobin-Yvon) equipped with 488 nm Ar laser
Electron Microscope (SEM) images of the samples were 
recorded with a ZEISS Supra 40 or a Ultra 55 
SEMs. Viscosity measurements were realised with a 
Brookfield DV1+ apparatus. Surface tension
estimated by the means of a OCA goniometer from Apollo 
Instruments. Transmition Electron Microscopy (TEM)
images were realized using a CM 12 TEM / S
device produced by Philips compagny. 

 
 

3 RESULTS AND DISCUSSI
 
3.1 Synthesis of carbon nanoparticle

resorcinol / formaldehyde copolymer pyrolysis

Three synthesis process were investicated 
targeted nanostructure: synthesis in an emulsion stabilized 
using micelles obtained with surfactant and co
addition [3], synthesis in an emulsion stabilized using 
electrostatic repulsion (process derived from Stöber 
method) [4] and synthesis in solution controlling reactants 
concentration and their ratio compared with the catalyst [5
Among these three methods tested, the process derived 
from Stöber method made possible to obtain best re
order to obtain 200 nm monodisperse carbon nanoparticles
Indeed, as figure 1 shows, the products obtained by the 
means of this synthesis pathway exhibit narrow granular 
spreading and no malformed particles.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: SEM image of carbon nanoparticles obtained after 
pyrolysis of R/F nanospheres synthetized in an emulsion 

stabilized using electrostatic repulsion
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formaldehyde copolymer pyrolysis 
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], synthesis in an emulsion stabilized using 

s derived from Stöber 
] and synthesis in solution controlling reactants 
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Among these three methods tested, the process derived 
from Stöber method made possible to obtain best results in 
order to obtain 200 nm monodisperse carbon nanoparticles. 

, the products obtained by the 
means of this synthesis pathway exhibit narrow granular 

of carbon nanoparticles obtained after 
in an emulsion 

stabilized using electrostatic repulsion. 

This process consists in realizing copolymerization of 
resorcinol and formaldehyde in the dispersed phase
emulsion stabilized using electrostatic repulsion which is 
exerted by positives charges provided by NH
ammonia that assumes as well the role of catalyst. 

In a typical synthesis, a volume of 0.24 ml of ammonia 
(30 wt %) is added in 140 ml of a 2.12 M aqueous solution 
of ethanol. The reaction medium is then stirred for 1 h at a 
rate of 400 RPM which is maintained throughout the 
protocol. Subsequently 0.33 g of resorcinol was added and 
the mixed solution is continually stirred for 30 min. After 
this step, 0.47 ml of formaldehyde (36.5 wt %) is added and 
stirring is maintained for 24 h. Finally
placed in a hermetically closed bottle and heated at 85°C 
under static conditions for 16 h. The obtained product is 
purified by centrifugation at 1000 RPM for 15 min, air 
dried for 24 h and the last traces of solvent are removed 
using an oven heated at 60°C for 4 h. 
R/F copolymer nanoparticules were transformed into 
carbon nanoparticles by the mean of pyrolysis
nitrogen flow at 1100°C for 30 min in the aim of removing 
no-carbonic atoms as much as possible.

As show figures 1 and 2, compared with carbon black 
Vulcan XC 72, carbon nanoparticles obtained from R/F 
copolymer pyrolysis are larger, spherical shape is more 
clearly defined and granular spreading is narrower

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 2: TEM image of Vulcan XC 72
 

Carbon nanoparticles obtained from R/F copolymer 
pyrolysis were analyzed using Raman spectroscopy and 
compared with Vulcan XC 72 carbon black as 
3. Both divided solids are made of a mixture of amorphous 
and graphitic carbon. The ratio between these 
states varies between the two samples. The quantity of R/F 
pyrolysed nanoparticles that have been synthetized for now 
is quite reduced. As Raman spectroscopy indicates
texture of the R/F pyrolysed nanoparticles and 
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Viscosity 10 - 12 mPa.s

Surface tension 28 - 42 mN.m-1

Boiling point > 100°C

Density > 1

pH  4 - 9 

solid will be used, in a first approximation as model media 
for the first ink formulation experiments. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3: Raman spectra of R/F pyrolysed and XC 72 

carbon black nanoparticles. 
 
3.2 Inkjet carbon nanoparticles deposition 

Carbon nanoparticles as a result of the poor wettability 
between their surfaces and many usual solvents and their 
weak repulsive interparticle interactions [6] tend to form 
agglomerates. In order to be used as inkjet suitable fluids, 
suspensions made of this divided solid have to be stabilized 
with a surfactant to avoid nozzles clogging. According to 
previous studies performed by Pech and al [7] on inks made 
of activated carbon and ethylene glycol, Triton X 100 is a 
good dispersing agent when used in these kind of media. 
These authors performed printings with an Altadrop device 
that can work with viscosities up to 20 mPa.s. As Dimatix 
printer need to be fed with inks having lower viscosities 
than pure ethylene glycol (which is 16.9 mPa.s at room 
temperature) liquid vector chosen was a mixture of ethylene 
glycol and a less viscous compound. This solution has been 
preferred than an increase of printing temperature. The 
choice of the second chemical compound was realized in 
order to comply with all physical properties specifications 
required by the Dimatix DMP-2800 printer which are 
summarized in table 1. 

 
  
 
 
 
 
 
 

 
Table 1: Specifications required by the Dimatix DMP-

2800 printer 

Propan-1-ol that have viscosity equal to 2.26 mPa.s has 
been chosen because mixtures made of this compound and 
ethylene glycol make possible to fulfill Dimatix 
requirements in regard to density, boiling temperature and 
pH for ethylene glycol for all mixtures with ethylene glycol 
molar fraction equal or above 0.70 [8]. 
Suitable surface tension values can be easily reached with 
addition of a surfactant. Triton X 100 added in order to 
increase carbon particle dispersion played this role too. 
Viscosity value has been adjusted with liquid dispersing 
phase composition. Indeed, print tests are performed with 
particle loads of 12 mg/ml which correspond to mass 
reaction of 1.2 % wt and less than 1 % in volume. At this 
concentration, with spherical particles, the physical 
property of the suspension is mainly governed by dispersing 
liquid [9, 10], if some slight adjustments are needed 
because of the presence of the particles they are realized 
through changes in jetting temperature.  
 

As successful printing experiments of carbon particles 
dispersed in pure ethylene glycol with Triton X 100 have 
been already described [7], the composition of our ink was 
will as close as possible of it. So the propan-1-ol ratio was 
as low as possible. Based on Pal and Sharma studies and 
after several tests the following chemical composition for 
liquid vector has been adopted: Ethylene glycol with  15.8 
% wt. of propan-1-ol and  3 % wt. of Triton X 100. This 
composition exibited a viscosity equal to 10.6 mPa.s at 
35°C. The final ink is obtained with addition of 120 mg 
carbon nanoparticles in 10 ml of the liquid vector. This 
composition made possible realize stable suspensions. No 
clarification phenomenon has been observed after 18 h in 
static conditions.   

Measured surface tension with and without carbon 
nanoparticles were respectively 32.6 mN.m-1 and 
31.4 mN.m-1. In order to remove possible impurites or 
remaining agglomerates with higher diameter than one 
micrometer, the upper half of the suspension have been 
collected after 4 h in static condition and been placed into 
the printing cartridge. 

Printing process has been possible without nozzle 
clogging at 35°C. Deposition has been carried out on 
Kapton treated with HDMS as an adhesion promoter. 
Deposition of this compound on the substrate has been 
carried out using spin-coating technique with a rotation rate 
of 1500 RPM. As shows figure 4, the particle deposition do 
not form an homogenous layer. This is presumably because 
of a too low particle concentration and discontinuous drops 
formation during liquid vector evaporation. While these 
drops appear at surface of the substrate, carbon 
nanoparticles are dragged inside them and then are gathered 
into nodules at the end of drying process. 
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Figure 4: SEM image of R/F pyrolysed nanoparticles layer 

printed on Kapton. 
 
 

4 CONCLUSION 
 
Copolymerization of resorcinol and formaldehyde in an 

emulsion stabilized using electrostatic repulsion made 
possible to obtain calibrated nanospheres that can be 
transformed by pyrolysis into mondisperse 200 nm carbon 
nanoparticles. These nanoparticles have been incorporated 
in an ethylene glycol / propan-1-ol mixture with Triton X 
100 to form a smart ink.  

Although the obtained dispersion is inkjet printable with 
a Dimatix device having 21.5 µm diameter nozzles, the 
deposition process needs improvements to lead to the 
formation of homogeneous and continuous carbon layers. 
In this aim, further studies will be carried out in order to 
increase carbon nanoparticles concentration without 
disturbing dispersion stability. The drying process will be 
enhanced too to avoid drop formation at the surface of the 
substrate and then minimize particle migration. 
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