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Porous carbons (PC) have been extensively used in a wide variety of industries. However, their poor oxida-
tion resistance, especially at high temperature (e.g.>370 °C), has severely limited their applications such
as catalysts under high temperature. Hydrothermal doping technology, as a newly emerged efficient ap-
proach for chemical modification, was for the first time introduced towards PC modification. The PCs used
in this work were, by KOH activation, prepared from petroleum coke. The modified porous carbons (MPC)
were achieved using hydrothermally co-doping boron and phosphorus into the PC followed by a heating
treatment. The results revealed that the onset oxidation temperature of the MPC was greatly improved
from 370 °C to 600 °C. The residual weight percent for MPC, an immediate and most critical indication of
the oxidation resistance, was observed as high as 49% at 850 °C, while that of the blank sample was b10%
at an even lower temperature of 600 °C. The achieved remarkable improvements on onset oxidation temper-
ature and residue weight, substantiated by TGA, FTIR and Raman spectroscopy, confirmed the success of our
unprecedented combination of co-doping and hydrothermal technologies to improve the oxidation resis-
tances of PC materials.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Due to their abundant pores, beneficial mechanical property and
chemical stability, PCs have been widely used in fields of adsorption
and separation, electronics, energy storage, catalysts etc. [1–3]. Howev-
er, their poor oxidation resistance under high temperature has greatly
restrained their industrial application in oxygen-exposed environ-
ments. The anti-oxidation approaches that have received extensive con-
cerns are doping certain additives into the carbon composite materials,
the most commonly used doping additives vary from boron, halogen,
phosphorus etc. [4–8]. All those treatments, while still preliminary,
have proven to be promising in improving the oxidation resistance.
However, to date little work has been reported for the PC modification
using this doping technology.

In this paper, hydrothermal method was employed to help form
an even diffusion of boron atoms into the PC pores. H3PO4 solution,
acting both solvent and doping additive, was used in hydrothermal
treatment.

2. Experimental procedure

PCs were prepared from petroleum coke by KOH activation at
850 °C. In the hydrothermal treatment, B2O3 was used as the boron
source, and phosphoric acid as phosphorus source and solution.

PCs were thoroughly mixed with B2O3 powder and H3PO4 solution
(85 wt.%), and placed into a hydrothermal reactor, increased the tem-
perature to 200 °C and kept for 96 h. This step was to ensure a thor-
ough filling of B2O3 and intermediates into the PC pores. After
hydrothermal treatment, the samples were taken out of the reactor
and rinsed by distilled water, and then dried in an oven under
110 °C. The dried PCs were heated at 900 °C for 5 h. N2 protective at-
mosphere was used throughout the heating process.

The PC without doping was considered as blank, whereas PC with
heating treatment (5 h at 900 °C) was labeled as PC-HT. The boron–
phosphorus doped sample was labeled as MPC.

Weight loss at high temperature is a direct parameter which de-
termines the oxidation resistance performance of any specific PC. Ox-
idation resistance was examined by TGA. 10 mg PC was placed in a
platinum crucible and heated to 850 °C at 10 °C/min with air flowing
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the co-doping allowed boron/phosphorus molecules into the carbon
lattice to form C\B and C\O\P groups, which blocked the otherwise
accessible active sites within the PC to protect them from direct
contact with oxygen molecules [15–18].

4. Conclusions

PC materials offer a series of technical advantages and have been
widely used in various fields. However, their poor oxidation resistance
under high temperature has greatly restrained their industrial applica-
tion in oxygen-exposed environments. To overcome this major weak-
ness, hydrothermal and co-doping technologies were adopted for the
first time in the work to control the oxidation resistance of PC atmolec-
ular levels. Our findings have clearly proved that hydrothermal co-
doping of boron and phosphorus was an effective approach to improve
the oxidation resistance of PC. The results demonstrated considerable
improvement in both the onset oxidation temperature and residue
weight of themodified PC. The creative combination of co-doping tech-
nology with the hydrothermal process may provide a new approach to
control the properties of those PC materials.
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