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Carbon nanofiber (CNF) sponges have been prepared though a facile chemical vapor deposition method 

using C2H4 as carbon source and Ni-Cu alloy as catalyst. The as-prepared CNF sponges are composed of 

three-dimensional (3D) network with thick CNFs as the reinforcing rods and thin CNFs as the binding wires 

that hold CNFs entangled together. Such CNF sponges exhibit controllable bulk density (0.02 ~ 0.14 g·cm
-3

) 

and high porosity (92% ~ 98%) through changing catalyst amount. The CNF sponges display admirable 

mechanical flexibility with large compressive strain (> 90%). The CNF sponges also exhibit super 

hydrophobicity (contact angle > 153
o
) and super oleophilicity. The absorption capacities of the CNF sponges 

for oils can achieve 22-75 times their own weight and can even be controlled by altering their density or 

porosity. Furthermore, the CNF sponges demonstrate outstanding recyclability by mechanically squeezing.  

The present work suggests the CNF sponges a widespread potential for applications in the topics regarding 

envrionment protection. 

1. Introduction 

Catalytically grown carbon nanofibers (CNFs) are recognized as 

a unique fiber form of carbon nanostructures with graphene 

layers arranged as stacked cones, cups or plates 
1-3

. They could 

be grown via chemical vapor deposition (CVD) using carbon 

feedstock over metal nanoparticles at high temperature, which 

is almost same to the synthesis of carbon nanotubes (CNTs) 
4, 5

. 

However, they are different in geometry from concentric and 

hollow CNTs, as they can be distinguished by their stacked 

graphitic structures 
2, 4, 5

. Such a unique structure renders them 

to have more active edge planes on the surface of nanofibers 
6, 

7
, thereby making them useful as supporting materials for 

catalysts 
8, 9

, reinforcing fillers in polymeric composites 
10, 11

, 

and electrode materials for energy storage device 
12, 13

. In 

addition, the light-weight and large surface area of CNFs make 

them promising candidates for environmental applications 

such as adsorption, filtration and separation 
14-17

. 

However, CNFs are generally synthesized in the form of 

nanoscopic and fluffy powder, making their handling and 

large-scale application difficult 
8, 9

. For example in catalysis 

field, especially in fixed-bed, their small size increases 

detrimental pressure drops along the catalyst beds even 

causing the blocking risk 
8, 9

. One promising way to address the 

above problems is to assemble CNFs into 3D macroscopic 

monoliths such as sponges, foams or sponges 
14-17

. The 

monoliths are a kind of 3D assembly with open and 

hierarchical pores and interconnected networks 
18

. The 3D 

assembly based on silica 
18

, carbon 
19

, metal oxides 
20

, CNTs 
21

 

and polymer-based CNFs 
14, 17

 have been fabricated and 

studied extensively for years, but catalytically grown 3D CNF-

based monoliths are a relatively new form. The unique 

structure of the CNF monoliths should facilitate the exposure 

and connection of nearly all CNFs, thus providing possible 

opportunities for releasing the potential of CNFs and creating 

high-performance materials.  

To date, several approaches have been developed to 

fabricate CNF-like monoliths, including CNF synthesized by 

hydrothermal treatment 
15, 16

 and polymer-based aerogels 

(bacterial cellulose, ) pyrolyzed in an inert atmosphere 
14, 17

. 

These 3D structures demonstrate potential applications in oil 

sorbents. Although these works showed the possibility to 

integrate individual CNF into macro-level monolith, the precise 

control of density and porosity of macroscopic CNF monoliths 

is still a challenge. Moreover, direct growth of CNF monoliths 

through CVD is rarely reported. 

Herein, we demonstrate a facile CVD method to directly 

synthesize a sponge-like CNF monolith consisting of 

interconnected CNF skeletons. The key to this synthesis relies 

on the unique Ni-Cu alloy catalyst, which allows the one-step 

growth of octopus-like CNFs that self-assemble into a 3D 

entangled network. The obtained CNF sponges show 

controllable density and porosity, excellent mechanical 

flexibility, super hydrophobicity and super oleophilicity. When 

used as sorbent materials, the CNF sponges could absorb a 

wide range of oils with high absorption capacity and good 

recyclability. The present work provides a feasible way to 
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prepare macroscopic 3D CNF sponges in a CVD system, which 

offers a great opportunity to develop high-performance 

carbon nanomaterials and explore applications in various 

fields. 

 

2. Experimental section 

2.1 Synthesis of CNF sponges 

The non-supported Ni-Cu catalysts with different Ni/Cu mass 

ratios were prepared through the co-precipitation of copper 

and nickel carbonates from the corresponding nitrate solution 

using ammonium bicarbonate as co-precipitation agent, 

according to the reference 
22

. The obtained Ni-Cu carbonates 

were calcined into oxides at 400 
o
C for 6 h. Then the oxides 

were reduced at 500 
o
C for 20 h under H2/He (1/9, vol./vol.) 

atmosphere to obtain the Ni-Cu alloy catalysts (Figure S1). The 

reduced Ni-Cu catalyst was ground into size around tens of 

micrometers and stored for use. The Ni-Cu catalysts are 

indexed as pure Ni, Ni-Cu 8/2, Ni-Cu 7/3 and Ni-Cu 5/5, where 

the 8/2, 7/3 and 5/5 represent the mass ratio of the Ni-Cu 

catalysts.   

CNF sponges were synthesized though CVD using C2H4 and 

Ni-Cu alloy as carbon source and catalyst, respectively. 

Catalysts were placed in a cylindrical quartz mold (Φ 25×50 

mm) which was then placed in the center of CVD furnace. 

Before introduction of carbon feedstock, the Ni-Cu alloy 

catalyst was further reduced by a H2/He (1/4, vol./vol.) mixture 

for 2 h at 580 
o
C. Then the C2H4/H2 mixture (4/1, vol./vol.) was 

introduced and held at 580 
o
C for 1 h to grow the CNFs. After 

cooling, the CNF cylinder was removed from the quartz mold. 

2.2 Oil absorption of CNF aerogels  

Different organics, such as hexane (0.66 g·cm
-3

), ethanol (0.79 

g·cm
-3

), paraffin liquid (0.85 g·cm
-3

), engine oil (0.89 g·cm
-3

), 

vegetable oil (0.90 g·cm
-3

), ethylene glycol (1.13 g·cm
-3

), 

chloroform (1.50 g·cm
-3

) and carbon tetrachloride (1.59 g·cm
-

3
), were used to test oil absorption capacity of CNF sponges. 

Pristine CNF cylinders were cut into small discs with the 

thickness of 1 cm for oil adsorption. Typically, the CNF discs 

were immersed into the oils for 5 minutes and then picked up 

with sharp needle tweezers. After the removal of the 

redundant oil on the surface, the CNF sponge was immediately 

placed onto a weigh paper to be measured on the mass 

balance. The weight measurements were done quickly to avoid 

evaporation of absorbed oils. The oil absorption capacity was 

calculated by the weight difference before and after the 

immersion. The absorption was very fast and typically reached 

saturation within 2 minutes by immersing the cylinders into 

the liquid, see Figure S2.  

2.3 Characterization 

Morphologies of the CNF sponges were observed under 

scanning electron microscope (SEM; Nova Nano 450) and 

transmission electron microscope (TEM; JEM-2100F, JEOL). 

X-ray diffraction (XRD) was performed on a Rigaku 

D/Max2550VB/PC (Rigaku, Cu Ka radiation). Raman spectra 

were performed on a Raman microscope (iuvia refl) with an 

excitation wavelength of 514.5 nm.  

X-ray photoelectron spectroscopy (XPS) experiments were 

carried out on a PHI-5000C ESCA system (Perkin Elmer) with Al 

Ka radiation (hm = 1486.6 eV). The base pressure of the 

analyzer chamber was about 5×10
-8

 Pa. Binding energies were 

calibrated by using the containment carbon (C 1s=284.6 eV).  

The hydrophobicity and oleophilicity properties were 

evaluated through contact angle tests, which were performed 

by the CAST2.0 contact angle analysis system at room 

temperature. 

Compression test was performed on the Transces II T2002 

universal testing machine, and samples with a size of 

15×15×15 mm were tested in displacement control at a rate of 

1 mm/s.  

The bulk density of as-grown CNF sponges was determined 

by measuring the mass of a fixed volume. The surface area and 

pore size distribution were determined by N2 

adsorption/desorption isotherms using a Quadrasorb SI 

analyzer.  

3. Results and discussion 

3.1. Synthesis of CNF aerogels  

CNF sponges were directly synthesized in a quartz mold 

through CVD method using C2H4 as carbon source and Ni-Cu 

alloy as catalyst at a relatively low temperature of 580 
o
C. The 

total synthesis is schematically illustrated in Figure 1a. The key 

to the synthesis is the Ni-Cu catalyst, which led to the growth 

of branched CNFs that entangles together into randomly 

interconnected CNF network. As growth time prolongs, the 

entangled CNFs gradually fill the quartz mold, and finally form 

the aerogel-like CNF cylinder (Φ 25×50 mm, Figure 1b).  

 

 
Figure 1 Formation schematic and macroscopic morphologies of CNF sponges. (a) 

Formation schematic of CNF sponges, (b) Macroscopic morphology of cylindrical CNF 

sponges, (c) CNF sponges with different macroscopic shapes. 
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Figure 2 SEM (a-c) and TEM (d-f) images of CNF sponges. (a) 3D interconnected 

networks entangled by CNFs, (b) SEM closeup of CNF entanglement, (c) SEM 

image of branched CNFs grown from one single catalyst particle, (d) TEM closeup 

of CNF entanglement, (e) TEM image of a typical herringbone type CNF oriented 

at an angle 60° with respect to the fiber axis, (f) TEM image of branched CNFs 

grown from one single catalyst particle.
 

 

 

Here, the CNF sponges are obtained using a simple CVD 

system, thus it is easily scaled up by using a large mold with a 

large reactive chamber. In addition, the CNFs sponges can also 

be converted to other types of 3D shape by using suitable 

molds (shape and size) or by post shaping treatments as 

shown in Figure 1c. 

SEM images of typical CNF sponges are shown in Figures 2a 

and 2b, which show a porous and interconnected 3D network. 

The diameters of the CNFs are not uniform with a range of 

tens to hundreds of nanometers. More typically, the thick 

CNFs serve as the reinforcing rods while the thin coiled-coil 

CNFs serve as the binding wires that hold the CNFs together. 

This feature should allow the CNF sponges to bear 

compression or strain to a certain degree. TEM images reveal 

that the CNFs are of the herringbone type oriented at an angle 

60° with respect to the fiber axis. It is found that some CNFs 

grow from a single catalyst particle (Figures 2c and 2f), leading 

to this special octopus-like branch structure, being similar to 

the results reported by Pham-Huu et al 
23

 and Tim et al 
24

. The 

existence of these branched CNFs should further enhance the 

entanglement of the fibers, which finally benefits the 

construction of 3D networks. No remarkable differences were 

observed in their morphology from top surface to side-wall 

and to central region (Figure S3), indicating the uniformity of 

the sponge. 

The Ni-Cu alloy catalyst was reported to effectively grow the 

herringbone CNFs 
2
, however, only Ni-Cu with a narrow range 

of Cu content (20 ~ 30 wt.%) can grow the CNF sponges in this 

work (Figures S4b and S4c). For the cases where pure nickel 

catalyst or alloy catalyst with high Cu content (~50 wt.%) are 

used, only CNF powders could be obtained from each catalyst. 

SEM images indicate that the CNFs produced from pure Ni 

catalyst consist of short and thick CNFs, while the CNFs from 

high-Cu-content alloy are composed of uniform thin CNFs, 

both of which lack the reinforcing rod-binding wire structure 

(Figures S4a and S4d). In addition, the CNF yields of these 

catalysts are significantly lower than that of Ni-Cu (20 ~ 30% 

Cu) catalyst at the same growth conditions (Figure S5). These 

results suggest the unique Ni-Cu catalyst is the key to form 3D 

interconnected CNF networks. 

 
Figure 3 Effect of catalyst amount on the density, porosity and microscopic morphology of CNF sponges. (a) Variation of CNF sponges density with catalyst amount, (b) 

Variation of CNF sponge porosity with catalyst amount, (c)-(f) Microscopic morphologies of CNF sponges synthesized with different catalyst amounts: (c) 0.41 mg·cm
-3

, 

(d) 0.61 mg·cm
-3

, (e) 0.82 mg·cm
-3

, (f) 1.22 mg·cm
-3

. 
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Figure 4 Adsorption/desorption isotherms (a) and pore size distribution (b) of CNF 

sponges. 

 

The growth of CNF sponges is very feasible, allowing their 

bulk density and porosity easily controlled by changing the 

catalyst amount in the mold. In general, increasing the catalyst 

amount leads to the increase of the bulk density and the 

decrease of porosity while preserve their cylinder shape. As 

shown in Figure 3a, the density shows almost linear change, 

ranging from 0.02 ~ 0.14 g·cm
-3 

by changing catalyst amount. It 

is worth to mention that CNF sponges have the lowest density 

of 0.02 g·cm
-3

, which is comparable to the aligned CNT arrays 

(0.01 g·cm
-3

) 
25

 and 3D CNT solids (0.01 ~ 0.025 g·cm
-3

) 
26

. SEM 

observations demonstrate that these sponges with different 

densities exhibit almost similar entangled morphology 

regardless of the spatial compactness (Figures 3c-3e). 

The N2 adsorption/desorption was preformed to 

characterize the BET surface areas and pore volume of the 

samples (Figure 4). Generally, the materials exhibit typical 

type-IV isotherms with H1 and H2 hysteresis loops, and give a 

surface area range of 75 to 230 m
2
·g

-1
 (Figure 4a), depending 

on the density of the CNF sponges. The pore size exhibits a 

narrow pore size distribution of 2 to 5 nm (Figure 4b), which is 

normally formed by the defects on the nanofibers’ surface. It 

should be noted that the CNF sponges are consisted of 

branched CNFs that entangles together into randomly 

interconnected network. The porosity of CNF sponges is 

therefore on a micrometer scale that cannot be detected by N2 

adsorption. The porosity is estimated to be 92-99% (Figure 3b) 

based on the calculations using a single CNF density of 1.75 

g·cm-3 according to the reference
 27

. 

The XPS spectra of the CNF sponge (density: 0.02 g·cm
-3

) 

shows typical asymmetric peaks in the C 1s region (Figure S6). 

The atomic concentrations are 98.96% and 1.04% for C 1s and 

O 1s, respectively. Since the CNFs are prepared by oxygen-free 

CVD process, the trace oxygen atoms present on the CNF 

surface may be issued from surface residue or contaminants. 

Therefore, CNF sponges possess an inert, hydrophobic nature 

that is favor for oil adsorption. 

CNF sponges show a prominent reflexion at ca. 26
o
 and a 

weak peak at ca. 43
 o

 assigned to graphitic carbon (planes 002 

and 100, respectively) in XRD pattern (Figure S7). No significant 

changes in reflexions assigned to graphitic carbon are 

observed among the CNF sponges.  

CNF sponges exhibit two bands at around 1590 cm
-1

 and 

1344 cm
-1

 in Ranman spectra (Figure S8), corresponding to the 

high crystalline graphite vibration in the tangential stretching 

mode (graphitic lattice mode E2g) and the disorder induced 

phonon mode, which originates from the mode of boundaries 

in Brillouin zone, respectively 
29

. There is very little change in 

Raman spectra for CNF sponges with different densities. 

3.2 Mechanical properties of CNF sponges  

The as-synthesized CNF sponges display excellent structural 

flexibility which was rarely observed in other high-porosity 

materials such as silica sponges and aligned CNT arrays. Here 

we evaluated the structural flexibility by taking the sponge 

with bulk density of 0.02 g·cm
-3

 as an example. As shown in 

Figure 5a, the sponge recovers to nearly original shape after 

the removal of manual compression. No crack is observed 

from the exterior after the severe compression. In addition, an 

sponges with discoid shape can be bent without breakage, and 

then it still recovers to the original shape (Figure 5b). The 

structural flexibility under large deformation should be 

attributed to the reinforcing rod-binding wire CNFs networks 

in a 3D isotropic configuration, which can prevent the sliding 

or splitting between CNF sponges along any direction. 

The mechanical properties of the material were further 

studied by uniaxial compression test. As shown in Figure 5c, all 

of the stress-strain curves substantially hyperbolic type 

without obvious yield points. The loading process shows three 

distinct regions 
30, 31

, including the elastic region during which 

the stress increases linearly with the strain, the plateau region 

from which most of the absorbed energy dissipates, and the 

densification region marked by the rapid increase of stress due 

to the continuously decreasing porosity. It is worth noting that 

the strain-stress curves of the CNF sponge with a density of 

0.02 g·cm
-3

 exhibit broad linear-elastic regions, up to 65% 

strain, much higher than that of most CNT aerogels 
21, 32, 33

 and 

graphene aerogels or sponges
34-36

. The modulus of elasticity 

monotonically increases with increasing CNF sponge density 

(Figure 5d), which means the elasticity decreases while the 

stiffness increases. 

Repeated compressions lead to plastic deformation during the 

loading process and rebound degree after release. The sponge 

with a density of 0.02 g·cm-3 can maintain most of its original 

compressive stress in every cycle, even compressed for 10 

times with a little degradation of mechanical strength (Figure 

5e). Rebound degree is measured to be ca. 98.5% after 

compression at 65% strain for 10 cycles (Figure 5f), indicating 

very little plastic deformation in the repeated test. The 

excellent shape and volume recovery of the CNF sponge is 

definitely due to the unique interconnected 3D CNF networks 
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which can sustain large deformation and recover back to the 

original shape. 

 
Figure 5 Mechanical properties of the CNF sponges. (a) A sponge recovered to nearly 

original shape after manual compression to large strain (> 50%). (b) A discoid sponge 

bent to a large degree. (c) Compressive stress-strain curve of CNF sponge with different 

densities. (d) Variation of modulus of elasticity with respect to density. (e) Cyclic 

compressive stress-strain curves at maximum strain of 65% (sample density: 0.02 g·cm-

3). (f) Rebound degree in cyclic test at the maximum strain of 65% (sample density: 

0.02 g·cm-3). 

 

Figure 6. Oil absorption of the CNF sponges (sample density: 0.02 g·cm-3). (a) Snapshot 

of a water drop with a 2 mm diameter resting on the sponge surface. (b) The sponge 

has a water contact angle of ca. 153o and an oil contact angle of 0o (2 μL droplet). (c) 

Demonstration using a piece of CNF sponge to clean up used engine oil floating on 

water. (d) Absorption capacity of CNF sponges for common oils. (e) Recycle of the CNF 

sponge in oil absorption by squeezing. 

 

 

 

3.3 Oil absorption of CNF sponges 

Apart from the excellent structure flexibility, the as-

synthesized CNF sponges exhibit super hydrophobicity and 

outstanding oleophilicity. Also taking the sample with a density 

of 0.02 g·cm
-3 

for example, a spherical water drop with a 2 mm 

diameter can remain on the hydrophobic surface without 

being absorbed (Figure 6a). The water contact angle 

measurement further shows the sponge has a contact angle 

ca. 153
o
 with a 2 μL water droplet (Figure 6b). In contrast to 

super hydrophobicity to water, the CNF sponge shows 

excellent oleophilic property. When an engine oil droplet drips 

on the surface of the CNF sponge, it is absorbed immediately 

and a contact angle of ca. 0
o
 is observed (Figure 6b). 

Therefore, the CNF sponge exhibits both super hydrophobicity 

and super oleophilicity, which is crucial for selective uptake of 

spilled oils in water. 

Owing to its low density, high porosity, excellent structure 

flexibility, super hydrophobicity and oleophilicity, the as-

synthesized CNF sponge should be an ideal candidate for the 

absorption of oil pollutants. In Figure 6c, the CNF aerogel can 

completely absorb engine oil from the water surface. The 

absorption process proceeds rapidly and the oil layer 

immediately shrinks and finally disappears completely in a few 

minutes. Owing to its light weight and super hydrophobicity, 

the sponge is always floating on the water during the 

absorption process. No water in the saturated CNF sponge can 

be found, indicating extremely high selective absorption for 

the oil. Therefore, the CNF sponge shows great potential for 

the facile removal of environmental oil contamination from 

water.  

To further demonstrate the absorption ability of the CNF 

sponge, we investigated its absorption capacities for a series of 

common oils. As shown in Figure 6d, the CNF sponge shows a 

high absorption capacity for all the oils. In general, the 

absorption capacities range from 22 to 75 g·g
-1

. The oils are 

mainly stored in the interconnected pores inside the CNF 

sponge, so the absorption capacity is related not only to the 

surface characteristics of the sponge, but also to the densities 

of oils 
15

.  

Although the oil absorption performance of as-prepared 

CNF sponges is “slightly” common compared with other 

reported materials, there are some differences in oil 

absorption. As shown in Table 1, the absorption capacities of 

CNF sponges are superior to many materials, such as activated 

carbon 
37 

and zeolite 
38

. They are comparable to that of 

magnetic CNT sponge 
39

, graphene sponge 
40

, spongy graphene 
41

,
 
carbon soot sponge 

42
 and graphene-CNT aerogel 

43
, but 

lower than that of CNT solid 
26

,
 
hydrothermal CNF aerogel 

15
, 

CNT sponge 
33

 and ultra-flyweight carbon aerogel 
44

. However, 

compared with the fabrication of these materials, the CNF 

sponges only requires one-step facile CVD at a relatively low 

temperature of 580 
o
C, even without any pre-treatment or 

post-treatment, which is much more facile on a large scale 

than that of these absorbent counterparts (Table 1).  
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Table 1 Comparison of various oil absorption materials 

Materials Absorption capacity 

(g·g
-1

) 

Fabrication 

 

Recyclability Refs 

CNF sponges 22-75 One-step CVD at 580 
o
C Yes In this work 

Activated carbon < 1 -- -- 37 

Zeolite 5 -- -- 38 

Magnetic CNT sponge 49-56 CVD at 860 
o
C Yes 39 

CNT sponge 80-180 CVD at 860 
o
C -- 33 

Graphene sponge 54-65 Dip-coating process Yes 40 

Spongy graphene 20-86 
Hydrothermal synthesis with multi-steps: Hummer’s method, 

hydrothermal treatment and freeze drying 
Yes 41 

Hydrothermal CNF 

aerogel 
5-140 

Hydrothermal synthesis with multi-steps: template preparation, 

hydrothermal treatment, and freeze drying  
Yes 15 

CNT solid 25-120 CVD at 860 
o
C with boron-doped process Yes 26 

Carbon soot sponge 20-80 Multi-steps including combustion flame process and dip-coating -- 42 

Graphene-CNT aerogel 28-35 Hybrid of both CVD and hydrothermal synthesis -- 43 

Ultra-Flyweight carbon 

aerogel 
215-743 

“sol-cryo” method including freeze-drying, reduction in hydrazine 

vapor 
Yes 44 

The recyclability of the oil absorption materials plays an 

important role for practical oil absorption applications 
34-36

.
 

The recycling potential of CNF sponge is evaluated through a 

simple squeezing by taking engine oil as an example. As 

shown in Figure 6e, the saturated absorption capacity rapidly 

decreases to 22 g·g
-1

 (more than half of the original 

absorption capacity) from the second cycle after squeezing, 

since the absorbed engine oil cannot be completely extruded 

by applying a hand stress. The result indicates that about 18 

g·g
-1

 of engine oil remains in the CNF sponge after squeezing. 

After that, the saturation absorption capacity remains steady 

at about 20 g·g
-1

 in the subsequent cycles, indicating that the 

absorption effectiveness of the CNF sponge does not 

remarkedly change in subsequent cycles. 

Additionally, the absorption capacities of the CNF sponges 

can be controlled by altering their density or porosity. As 

shown in Figure 7, the sponges with lower density (higher 

porosity) possess larger absorption capacity. Meanwhile, the 

CNF sponges have higher absorption capacity for higher-

density oils (e.g., carbon tetrachloride). 

4 Conclusions 

In summary, CNF sponges were synthesized through facile 

CVD using C2H4 as carbon source and Ni-Cu alloy as catalyst. 

The sponges are composed of 3D herringbone CNF networks 

with the thick CNFs serving as the reinforcing rods and the 

thin CNFs serving as the binding wires that hold the CNFs 

together. This feature should allow the CNF sponges to bear 

compress or strain to a certain degree. In addition, CNF 

sponges exhibit a variety of superior properties, including low 

density, high porosity, super hydrophobicity and excellent 

oleophilicity. As an oil absorbent, the sponges exhibit high 

absorption capacity ranging from 22 to 75 g·g
-1

 for a series of 

oils. Significantly, the CNF sponges display outstanding 

absorption recyclability by mechanically squeezing. Due to 

these peculiar properties, the CNF sponges are demonstrated 

to be a new kind of excellent reusable sorbent materials for 

oil absorption. 

  

Figure 7 Oil absorption capacity for common oils measured with CNF sponges with 

different densities.
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