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Report: 
1. Introduction 
Activated carbon fibres (ACFs) are porous materials, which can be prepared with a high surface area and 
controlled pore size distribution. Their porous texture depends strongly on both, the activation process and 
the nature of the precursor. Chemical activation is a very interesting method to prepare porous carbon 
materials, which are used in many applications, such as gas storage (i.e., hydrogen and methane), 
supercapacitors, technologies related to pollution abatement, and so on. The chemical activation process 
consists of contacting a carbonaceous precursor with a chemical activating agent (KOH and NaOH among 
others), followed by a heat treatment stage, and finally by a washing step to remove the chemical agent and 
the inorganic reaction products. A detailed description of this process has been published elsewhere [1,2]. 
The carbonaceous precursors used for the preparation of ACFs are carbon fibres (CF), which can be obtained 
from different precursors. In our case, we have used two types of carbon fibres to prepare the ACFs: i) 
isotropic pitch-based carbon fibres (Kureha) and, ii) anisotropic PAN-based carbon fibres (consisting of an 
oriented external ring and a more isotropic fibre core) (Hexcel). 
 
In our last experiment carried out at the beamline ID13 at ESRF (ME-366), the characterisation of 
chemically ACFs prepared from these two different precursors and using KOH and NaOH as activating 
agents was done using µSAXS technique. The results showed that depending on the precursor, the chemical 
activation process produces isotropic or anisotropic development of porosity for the Kureha and Hexcel 
carbon fibres, respectively. In addition, it was demonstrated that the porosity development reaches the fibre 
core [3].  
 
Considering that the distribution of the porosity across the fibre diameter in the ACFs is important because it 
affects to their final performance in a given application, further research is needed to understand more about 
the chemical activation process. The distribution of the porosity across the fibre diameter must be directly 
related to the distribution of the activating agent inside the fibre during the heat treatment step and also to the 
efficiency of removing the activating agent after the heat treatment stage by washing. Thus, in order to 
understand more about the chemical activation process and to optimise the properties of ACFs, the aim of 
this experiment is to try to visualise the location of the potassium and sodium of the used activating agents 
(KOH and NaOH, respectively) during the different stages of the chemical activation process by position-



resolved microfluorescence (ID21, ESRF). ACFs with different levels of washing (without washing, simple 
water washing and hydrochloric acid plus water washing) were prepared for these measurements.  
 
2. Experimental 
As previously mentioned, two carbon fibres were used as precursors for the preparation of ACFs: 
commercial petroleum pitch-based carbon fibres (Kureha Chemical Industry) and commercial high 
performance PAN-based carbon fibres (Hexcel). Chemically ACF were prepared by chemical activation with 
KOH or NaOH of both precursors. After the heat treatment stage, samples with different levels of washing 
were prepared: i) without washing; ii) simple water washing and; iii) hydrochloric acid plus water washing.  
Porous texture characterisation of all the samples was carried out by physical adsorption (N2 at 77 K and CO2 
at 273 K; Autosorb-6, Quantrachrome).  
Position-resolved microfluorescence experiments were carried out with the scanning X-ray microscope 
(SXM) in the fluorescence mode at the ID21 beamline at the ESRF (Grenoble, France). The SXM is a 
sensitive technique for visualising the location of the potassium and sodium of the used activating agents 
during the different stages of the chemical activation and the following washes of the prepared ACFs. The 
beam energy was set to 3.7 keV, and we used the K absorption edges of Na, K, Cl, O and S, which are the 
important elements for our study. The samples were previously embedded in a resin for facilitating the 
posterior cut for the analysis. The sections were made in the Chemistry and Microimaging Laboratory 
(ESRF), using the microtome. The investigated samples were films of 5 µm thickness. Each sample was 
scanned horizontally and vertically using a piezoelectric stage, and both the transmission signal and the 
fluorescence spectra were recorded to produce a set of images. 
 
3. Results and discussion 
As an example, Figure 1 contains the two-dimensional potassium patterns corresponding to the PAN-based 
carbon fibres (anisotropic fibres) activated with KOH (4/1 KOH/C ratio) at 750 ºC during 1 h under nitrogen 
atmosphere (500 ml/min) (Sample 1). The different images have been taken from sections of ACFs after 
different levels of washing: without washing (Sample 1); simple water washes (Sample 1_H) and; 
hydrochloric acid plus water washing (Sample 1_Cl). It should be remarked that the scales for the images 
presented in Figures 1 are not comparable. In Figure 1 left it can be observed that the activating agent (KOH) 
and/or other potassium compounds formed during the reaction (carbonate, oxides, metallic potassium, ..) 
reach the core of the carbon fibre. These potassium compounds seem to remain inside the fibre after several 
washes with water (sample 1_H) (see Figure 1 middle) and even after several washes with hydrochloric acid 
followed by several washes with water (sample 1_Cl) (see Figure 1 right). For all the cases, the core seems to 
have more potassium compounds than the outer region. 
 
 

 

 

 
Figure 1. Two-dimensional potassium patterns corresponding to the cross-sections of Sample 1 after different levels of washing. 
From left to right: without washing (sample 1); simple water washing (sample 1_H) and; hydrochloric acid plus water washing 
(sample 1_Cl). 
 
Figure 2 contains the two-dimensional potassium patterns corresponding to Sample 2, which is ACFs 
prepared from pitch-based carbon fibres (isotropic fibres) activated with KOH under the same conditions 
than Sample 1. Similarly to Sample 1, the different images have been taken from sections of ACFs after 
different levels of washing. Again, it should be noted that the scales for the images presented in Figures 2 are 
not comparable. For this type of carbon fibre, the maximum potassium compounds concentration just after 
the activation (Sample 2) is located in the outer part of the fiber (see Figure 2 left). However, it can be said 
that potassium compounds also reach the core of the carbon fibre and they still remain after washing with 
only water (Sample 2_H), as it is seen in Figure 2 middle. Contrary to the anisotropic PAN-based ACFs, in 
the case of isotropic pitch-based ACFs, KOH concentration in the inner part of the fibre decreases 
considerably after washing with hydrochloric acid and water (Sample 2_Cl) (see Figure 2 right). 
 



 
 
 
 
 
 
 
Figure 2. Two-dimensional potassium patterns corresponding to the cross-sections of Sample 2 after different levels of washing. 
From left to right: without washing (Sample 2); simple water washing (Sample 2_H) and; hydrochloric acid plus water washing 
(Sample 2_Cl). 
 
For a better comparison between samples, profiles of potassium concentration (Intensity of the potassium 
signal) versus the distance across the fibre diameter have been obtained from images presented in Figure 1 
and 2, and they have been plotted together in Figure 3. It can be seen that, for both type of carbon fibres the 
potassium location for the samples obtained just after the heat treatment stage (without any washing) is 
different for the Hexcel ACFs (Sample 1) and for the Kureha ACFs (Sample 2). In the case of Kureha ACFs, 
potassium compounds seem to be stuck in the outer part of the fibre, although also reach the core of the fibre, 
while for the Hexcel ACFs, the maximum potassium concentration appears in the fibre core. After washing 
with water, the potassium compounds stuck in the external part of the Kureha ACFs are removed (Sample 
2_H), but the concentration in the internal region remains quite high, and is similar to the signal obtained for 
the PAN ACFs (Sample 1_H). Finally, it can be observed that, a deep wash with hydrochloric acid followed 
by water washing is enough to almost completely remove the potassium compounds existing in Kureha ACFs 
(Sample 2_Cl). However, in the case of PAN ACFs, it seems to be more difficult to take out all the potassium 
compounds from inside the fibre, and this type of wash is not efficient enough (Sample 1_Cl). The different 
behaviour observed for these two types of fibres must be due to their different structure: Sample 2 has been 
prepared from isotropic pitch-based carbon fibres (Kureha) and, Sample 1 from anisotropic PAN-based 
carbon fibres (Hexcel), which consist of an oriented external ring and a more isotropic fibre core. 

         
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Profiles of potassium concentration (a.u.) versus the distance (a.u.) across the fibre diameter obtained from the cross-
sections of:  Left: Samples 1 (PAN-based ACFs) shown in Figure 1and; Right: Samples 2 (pitch-based ACFs) shown in Figure 2. 
 
In the case of the samples activated with NaOH, the microfluorescence analysis was much more difficult than 
for the samples activated with KOH, due to the low signal of sodium. Preliminary results indicate that NaOH 
penetration inside the carbon fibres is more difficulty than for KOH. These observations agree with the 
porosity characterisation results (not shown here), which show that KOH produces higher development of 
porosity than NaOH. 
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