JIAIC[S

COMMUNICATIONS

Published on Web 09/29/2004

Carbon and SiC Macroscopic Beads from lon-Exchange Resin Templates

Lubomira Tosheva,*t Julien Parmentier,*t Seifedine Saadallah,* Cathie Vix-Guterl,*
Valentin Valtchev, and Joél Patarin®

Laboratoire de Matdaux Mineraux, UMR-7016 CNRS, ENSCMu, Weisitede Haute Alsace, 3,
rue Alfred Werner, 68093 Mulhouse Cedex, France, Institut de Chimie des Surfaces et Interfaces, UPR CNRS 9069,
15 rue Jean Starcky, B.P. 2488 Mulhouse Cedex, France

Received June 30, 2004; E-mail: |.tosheva@uha.fr; j.parmentier@uha.fr

During the past decade, the synthesis of materials with controlled
porosity and shape has attracted rapidly growing attention. In the |
case of carbons, the interest is driven by the numerous potential
applications of these materials as adsorbents, catalyst supports
electrodes for electric double-layer capacitors, column packing
materials in liquid chromatography, etc. For silicon carbide materi-
als, the high mechanical strength, thermal conductivity and stability,
and chemical inertness make them attractive candidates for catalytic
and separation processds. this context, numerous processes based
on templating methods have been developed, where the templatd
determines the shape or the porosity of its replica.

A number of periodic porous carbons have been prepared by
replicating crystalline microporous materials (e.g., zedjtesdered
mesoporous silica (e.g., MCM-48 and SBA3),5r macroporous
colloidal crystal templates.Nonordered porous carbons with typically ranging from~50 to ~1000 n? g-1. Their uses for the
mesopore volumt_a_s above 4 tmg~! and with extrc_amely hlgh . synthesis of self-bonded zeolitic and high-surface area amorphous
adsorption capacities for dyes have been synthesized using S'I'Casilica beads by resin templating were recently repoted.
nanoparticlgs as templatéﬁaegarding morphology, carbon.nano- The synthesis of shaped C and SiC beads consisted of the
capsules with sizes in the range-1340 nm have been fabricated  ¢,ing steps: (1) Preparation of a resisilicate composite by

using glolymer coLéé,;)lclJ_rouE sk&ell_l_smca Itﬁmplaltln@l;and self;j silicate-ion exchange using the MP and G type resin. (llI) Carbon-
assembly approac Icrobead silica gel has also Deen USed as i, 4iinn of the resin/silicate materials to obtain carbon/silicate (c/

a terr]n pl?te folr ihe preparjtion of plgr(k))us cfarbon bédte use of d SiO;) composite beads. At this step, two different procedures were
such a templating procedure could be aiso a very promising andy . yeq: (a) silica dissolution in hydrofluoric acid (HEaution!

attractive alternaﬁve for t_he produ_ction of an array of Ic_)w-cost,_ HF is a corrosive and hazardous substandeof the C/SiG
r?et-shape ceramic materials. For |n.stance, the preparatllon of SICcomposite to obtain carbon beads and (b) carbothermal reduction
fibers, macroporous structures, or h|gh-surfac9 area pfirhclgs haveof the C/SiQ materials, which leads to the formation of SiC. The
been recen_tly descnbéﬂHc_;we\_/er, the preparation of SiC micro- unreacted C and SiOwere successively removed by a mild
beads startlng from a C/S@r.t'faa h ave been_ not reported, oxidation and HF treatment, respectively. The detailed synthesis
Macroscopic beads (e.g., with a size exceeding 0.1 mm) are often rocedure is better described in Subporting Information
advantageous in the areas of application of carbons and SiC due t(P PP 9 |

- L o . - Scanning electron micrographs (SEM) of the initial resins and
easy handling and limited attrition and are particularly beneficial S b . . )
: 2 . . - the corresponding inorganic replicas (C and SiC) are shown in
for SiC, which is known as an abrasive material. In addition,

. e T . Figure 1. Both resins have similar bead size distributions (Figures
macroscopic spheres reduce diffusion limitations when used in, e.g., ; ; .
) . 1A and 1D) but different network structures as detailed previously.
fixed-bed reactors or chromatographic columns. Here we report a S o - )
. ) . "~ “Their direct carbonization resulted in hollow particles and shells
method of preparing carbon and SiC macroscopic beads using ion-

; ; with a substantial reduction of the sphere sizes for the macroreticular
exchange resins as macrotemplates that determine both the mac-

roshape and the pore structure of the product materials. Moreover,reSIn (see Supporting Information). The C/gicmposite beads

ion-exchange resins are particularly interesting for the preparation \ < < identical in shape and size to the original resin beads, and no
y . broken or cracked particles were observed by SEM (not shown).

f carbon material waste resins can nd the resin_ - 2 :
golfl?n::) ch aierf Ca;rst’) oisiz e ; ?:ﬁo ?:Zrbi)r?alo:-eexucshZi;e ?etsiss zfenl'hls behavior indicates that the silicate species, ion-exchanged into
commercially available in a variety of bead sizes and are fabricated fjhuerirne;'rtllféallc;vrvbt:ﬁg‘:}g;os;ize OTfE:Ze ;?Ti':;g?a:fs (t:‘;:)beo?ai':t?;lled

as either gel or macroreticular resins. Gel (G) resins are character- . . .
. . . carbonized carbon/silicate composite was 24 and 46 wt % for the
ized by an “apparent porosity” of no greater than 4 nm, which . : .

y P P y 9 MP and G resins, respectively. After HF etching, the carbon

represents the average distance of separation of polymer chains . . P o .
Spherical particles were similar in size to the original resins as well.

and have a very low surface area of less than 2@mhin the dry H th ority of th ticles disint ted for th |
state!! Macroporous (MP) resins have a permanent network of pores owever, the majority of the particies disintegrated for the sample
prepared using the macroreticular resin (Figure 1B) and a few

100 nm on an average) and high surface areas in the dry state, . . -
( ge) g y cracked particles can be seen in the sample prepared with the G

t Universifede Haute Alsace. resm_(Flgure 1E). The dlﬁert_ances _observed are reI.ated to the
*Institut de Chimie des Surfaces et Interfaces. peculiar structure of the starting resins. The higher final carbon

Figure 1. SEM micrographs of the initial macroporous (A) and gel (D)
resins and the corresponding carbon (B, E) and SiC materials (C, F).
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o o 5 . G resin, whgreag mesopores are present in the SiC synthesized us_,ing
~ o —ecom 7 —e—siC M) 3 the MP resin (Figure 2B). The measured surface areas of the SiC
~;“v<m 00t beads were relatively high compared to SiC material prepared from
S b the conventional process with a substantially higher total pore
£ w0 200 volume of the SiC (MP) material (Table 1).

g MOROMCLLICLIEES, 1 In summary, shaped porous carbon and SiC spheres were
%::Z § ool prepared using ion-exchange resins as templates. Silicate anions
£ & A | ] . : were first ion-exchanged to fix the resin polymer chains and prevent

. . A il Y I loss of shape during subsequent carbonization. The type of the resin

U Rvepessaern, Y used (G or MP) was of paramount importance for the macroshape

) . . . and pore structure of the final materials. Very high-surface area
Figure 2. Nitrogen adsorptiorrdesorption isotherms for carbon beads (A) . . . .
and SiC beads (B) from the gel (G) and macroporous (MP) resins. Solid carbons_ and relatively high-surface area S|C were prepared. This
symbols, adsorption; open symbols, desorption. Inset: the correspondingSynthesis route appears to be a very promising way to manufacture

BJH desorption W/dlog(D) plots. the shape of SiC and C beads, which can be used in various

Table 1. Ny Adsorption Data for the Materials Prepared applications fields.
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Supporting Information Available: Details of the experimental

content and the microporous structure of the carbon prepared with Procedure, SEM micrographs of carbonized resins, SEM micrographs
the G resin may be the reason for its faithful macroshape replication. OT S'_C b_ead surfaces, XRD patterns of .S'C beat_js,_and [.)FT pore size
The C/SiQ composites heat-treated above 1260ed to cubic dlstrlbutlgns of carbon beads (.PDF). This material is available free of
SiC (5-SiC) with traces of its hexagonal polytypes as shown by charge via the Internet at hitp://pubs.acs.org.
X-ray diffraction (see Supporting Information). The SiC(MP) and
SiC(G) materials were similar in shape and size to the original resins
(Figures 1C and 1F) and could stand various laboratory manipula- (! éag mvyriﬁ'ﬁ 2%6;22?%225{9‘](b?'jsfvb':?ra'gt‘;]‘gng;dL%dpgﬁoMgaeLﬁ' b
tions. Moreover, “cauliflower” and whisker SiC morphologies were K. T., Johnston, G.; Sahimi, M_; Tsotsis, T.d. Eng. Chem. Re800Q

rved and rel h f resin n he mechanism 39, 3264-3271. _ _
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