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  ADSORPTION CHARACTERISTICS OF 
ACTIVATED CARBON HOLLOW FIBERS 

Carbon hollow fibers were prepared with regenerated cellulose or polysulfone 
hollow fibers by chemical activation using sodium phosphate dibasic followed 
by the carbonization process. The activation process increases the adsorption 
properties of fibers which is more prominent for active carbone fibers obtained 
from the cellulose precursor. Chemical activation with sodium phosphate diba-
sic produces an active carbon material with both mesopores and micropores. 
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Active carbon can be made with a wide range of 
structures, compositions and properties, depending 
on the nature of the organic precursor and process 
parameters. Accordingly, there are various kinds of 
porous carbon materials with different surface areas 
and a range of pore sizes [1]. Besides classical gra-
nular or powder active carbon forms there are new 
forms of active carbon: fibers and textiles, carbon mo-
lecular sieves, porous carbon membranes, carbon 
aerogels or cryogels, activated carbon hollow fibers 
(ACHF) [2,3]. These materials contain micropores (a 
pore size up to 2 nm) and mesopores (a pore size of 
2-50 nm) which are the most useful pore sizes for ad-
sorption, kinetic sieving and catalysis. 

Hollow fibers are widely used as elements in 
modulus of hollow fibers membranes. The applica-
tions of this technology for the separation and purify-
cation in industry and medicine are numerous. These 
include the preparation of drinkable, high quality wa-
ter, hemodialyzers in pharmaceutical industry, gas se-
paration for industrial application, etc. 

The adsorption characteristics of active carbons 
depend on the raw material and the methods and 
conditions used in carbonization and activation pro-
cesses. Amongst the precursors applied for the pre-
paration of carbon hollow fibers are polysulfone (PSF) 
[4,5], cellulose acetate [6], mesophase pitch [7], poly-
acrylonitrile (PAN) [3,8] and polyetherimides [9] and 
polyimides [10]. 
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The studies of activated carbon hollow fibers for-
mation are, however, quite scarce. Some research 
was done with PAN as a precursor [3], and with filling 
or impregnating hollow fibers with activated carbon 
[5,6]. ACHF was obtained when the PAN hollow fibers 
were pretreated with ammonium dibasic phosphate 
and then further oxidized in the air, carbonized in nit-
rogen, and activated with carbon dioxide. The specific 
surface area of this ACHF varied from 269-1422 m2/g 
as well as the surface area of mesopores from 34- 
-1234 m2/g, respectively, depending on the activation 
temperature [3]. 

In this study, the influence of the precursor, cel-
lulose (HCF) and polysulfone (HSF) hollow fibers, on 
the adsorption properties of obtained ACHF after the 
chemical activation with a sodium dibasic phosphate 
aqueous solution is presented. 

EXPERIMENTAL 

HCF and HSF were used as a carbon and active 
carbon material precursors. Prior to the experiments 
these fibers were roughly cut. The carbon hollow fi-
bers were prepared in one single step through the 
carbonization process. The carbonization process was 
performed in a nitrogen atmosphere up to 1273 K. 
The heating rate was 5 K/s. The samples were kept at 
the final temperature for 1 h. 

The ACHFs were chemically activated before 
the carbonization process. For this process HCF or 
HSF were soaked in the aqueous solution of sodium 
phosphate dibasic for 1 h. The wet fibers were dried 
at 120 °C. The activation process was followed by the 
carbonization process, as previously described. Acti-
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vated carbon samples were washed in distilled water 
to remove traces of soluble impurities. 

The adsorption of nitrogen at 77 K, which pre-
sents a typical physical adsorption process, is the 
most current method for the porous solids characte-
rization. The adsorption characteristics of ACHFs have 
been experimentally and numerically characterized ac-
cording to their specific surface area, a micropore vo-
lume, a mean pore size distribution and the surface of 
mesopores and macrospores (external surface area). 

The nitrogen adsorption/desorption isotherms at 
77 K were determined using the gravimetric McBain 
balance method. Before obtaining sorption isotherms, 
the ACHF sample was degassed at the temperature 
of 523 K to remove any contaminants that may be 
present on the ACHF surface. 

The values of the specific surface area (SBET) 
were obtained by a multi-point analysis of adsorption 
isotherms applying Brunauer-Emmet-Teller (BET) equa-
tion [11].  

Pore volume (Vp) and pore size (rp) distribution 
were determined from the nitrogen desorption iso-
therms using Barrett, Joyner, and Halenda (BJH) me-
thod [11]. 

The αs-plot [11] was used to calculate the external 
surface area (Sext), as well as the total surface area 
(Stot), and the micropore volume (Vmic). Non-graphi-
tized carbon black BP 280 (SBET = 40.2 m2/g) was 
used as a reference adsorbent. 

A scanning electron microscope (SEM; JEOL 
Model) was used to examine the cross section of ac-
tivated carbon hollow fibers. 

RESULTS AND DISCUSSION 

In the process of obtaining carbon hollow fibers 
from a cellulose precursor, the individual fibers are 
found to have adhered to their neighbors making a 
unique mass of isotropic glassy carbon after the car-
bonization process. The reason for that could be an 
intramolecular rearrangement of cellulosic units to le-
voglucosan (1,6-anhydro-β-d-glucopyranose). The car-
bonization process of the polysulfone hollow fibers 
produced fine carbon hollow fibers with a small sur-
face area (SBET = 3.2 m2/g). 

The adsorption characteristics of chemically ac-
tivated hollow fibers, both cellulose and polysulfone, 
increased after carbonization. It is well-known that 
nitrogen adsorption at 77 K is a convenient and po-
werful method to evaluate specific surface areas, 
pore volumes, and pore size distributions of porous 
solids. Isotherms of nitrogen adsorption and desorp-
tion at 77 K by ACHF are shown in Figure 1. 
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Figure 1. Nitrogen adsorption-desorption isotherms for ACHF: 
solid symbols - adsorption, open symbols - desorption. 

These sorption isotherms exhibit hysteresis type 
H4, according to IUPAC classification and indicate the 
presence of mesopores and slit shaped micropores 
[12]. Also, it is obvious that ACHF obtained from hol-
low cellulose fibers has better adsorption characte-
ristics which are confirmed by calculation. The values 
of the specific surface area (SBET) calculated using the 
BET equation as well as the micropore volume (Vmic), 
the external (Sext) and the total surface area (Stot), 
derived from the αs-plots, are shown in Table 1. The 
αs-plots are shown in Figure 2. 

Table1. Adsorption characteristics for ACHF determined from 
BET and αs-plots 

Sample SBET / m2 g-1 Vmic/ cm2 g-1 STP Sext/ m
2 g-1 Stot/ m

2 g-1

HCF 341 0.038 97 157 

HSF 88 0.008 14 20 
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Figure 2. αs-plots for activated carbon hollow fibers 

obtained from different precursors. 
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The values of the surface area (Stot) calculated 
using αs-plots are lower than those evaluated from 
the BET plot. The reason for that could be that the 
reference adsorbent does not have a structure similar 
to ACHF. Moreover, calculated adsorption characte-
ristics for ACHF samples obtained from HCF are mul-
tiplied higher than those for the HSF precursor. Both 
samples posses a very pronounced external surface 
area that confirms developed mesoporous structure. 
The size of mesopores is in the range of 2-12 nm (see 
Figure 3). 
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Figure 3. Pore size distributions (PSD) for ACHF. 

Activated carbon hollow fibers obtained from po-
lysulfone precursor are presented by SEM micro-
graph in Figure 4. 

 

Figure 4. SEM micrograph of activated carbon hollow fibers 
obtained from polysulfone precursor. 

CONCLUSIONS 

Activated carbon hollow fibers were prepared 
through the chemical activation of cellulose and poly-
sulfone hollow fibers followed by the carbonization 
process. The sodium phosphate dibasic as an active-

tor, in addition to micropores formation, influences the 
formation of a mesoporous structure in activated hol-
low carbon fibers. 

Hollow cellulose fibers are more convenient for 
the preparation of the active carbon hollow fibers than 
the hollow polysulfone fibers because after the acti-
vation and carbonization processes they have a lar-
ger specific and external surface area. Also, hollow 
cellulose fibers are cheaper. 

Various kinds of porous carbon materials are wi-
dely used as adsorbents, catalytic supports, etc. Ac-
tive carbon hollow fibers compared to classic active 
carbon possess higher ratio of geometric area to vo-
lume which improves the heat and a mass transport. 
In the future work, it would be interesting to invest-
tigate the effects of other activation methods on the 
adsorption characteristics of these materials, as well 
as their possible application for the adsorption of va-
rious contaminants in fluids, or for catalytic supports. 

Acknowledgements 

This paper was financially supported by the Mi-
nistry of Science and Technological Development of 
the Republic of Serbia, Contract No. 142016. 

REFERENCES 

[1] R. C.Bansal, J. B.Donnet, F. Stoeckli, in Active Carbon, 
Marcel Dekker, New York, 1988, p.145 

[2] E. Yasuda, M. Inagaki, K. Kaneko, M. Endo, A. Oya, Y. 
Tanabe, in Carbon Alloys, Elsevier, Oxford, 2003, p. 76 

[3] J. Sun, G. Wu, Q. Wang, J. Appl. Poly. Sci. 93 (2004) 
602–607 

[4] L. Y. Jiang, T.-S. Chung , R. Rajagopalan, Carbon 45 
(2007) 166–172 

[5] Y. Li, K.-C. Loh, J. Membr. Sci. 276 (2006) 81–90 

[6] C. Y. Wang, M. W. Li, Y. L. Wu, C. T. Guo, Carbon 36 
(1998) 1749–1754 

[7] G. Zhu, T.-S. Chung, K.-C. Loh J. Appl. Poly. Sci. 76 
(2000) 695–707  

[8] S. M. Saufi, A. F. Ismail, Membrane Sci. Tech. 24 (2002) 
843-854 

[9] E. Barbosa-Coutinho, V. M. M. Salim, C. Piacsek Borges, 
Carbon 41 (2003) 1707–1714 

[10] N. Tanihara, H. Shimazaki, Y. Hirayama, S. Nakanishi, T. 
Yoshinaga, Y. Kusuki, J. Membr. Sci. 160 (1999) 179–86 

[11] S. J. Gregg, K. S. W. Sing, in Adsorption, Surface Area 
and Porosity, Academic Press, London, 1982 

[12] S. Lowell, J. E. Shields, M. A. Thomas, M. Thommes, in 
Characterization of Porous Solids and Powders: Surface 
area, Pore size and Density, Kluwer Academic, 
Dordrecht, 2004, p. 44. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


