38

Kamanus u negpmexumusn, 2015, Ne 24

UDC 676.03+621.794+544.47

Functionalization of carbon fibres
with S-containing groups

L.M. Grishchenko', T.M. Bezugla', A.V. Vakaliuk', V.Z. Radkevicl’,
O.A. Byedd', V.E. Diyuk'

"Taras Shevchenko National University of Kyiv,
60, Volodymyrska Str., Kyiv, 01601, Ukraine, Tel.: (044) 239-34-38;
*Institute of Physical-Organic Chemistry National Academy of Science of Belarus,
13, Surganov Str., Minsk, 220072, Belarus, Tel.: (375 17) 284-16-32

Surface modification of Busofit carbon fiber with sulfur vapors in the temperature range 500-800 °C
with subsequent oxidation of the resulting materials with hydrogen peroxide was carried out. Sam-
ples of carbon fiber that had S-containing acidic groups on their surface were obtained. Method of
temperature-programmed desorption mass spectrometry revealed that desorption of the sulfur-
containing groups occurred as SO, in the temperature range 85-550 °C. The concentrations of S-
containing groups were calculated by thermogravimetric method. It was demonstrated that quantity
of the acidic groups depended on the synthesis temperature: the concentration was the highest for
the sample obtained via treatment with sulfur vapors at 500 °C and it declined as synthesis tem-
perature increased. The catalytic activity of the fibers obtained was studied in the reaction of pro-
pan-2-ol dehydration. It was demonstrated that the materials synthesized had sufficiently high cata-
Iytic activity —a complete conversion of propan-2-ol to propylene was observed for all samples modi-
fied. The temperatures of full conversion of the reagent to the resultants of reaction were 155-230 °C.
It was established, that all modified carbon fibers could be arranged in order by their catalytic activ-
ity and that that sequence was analogical to the range of their sulfur group concentrations. The
samples synthesized can be used as active acid-base catalysts when the reactions proceed at tem-
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peratures up to 200 °C.

Introduction

Acid-base catalysts are widely used in industrially im-
portant processes such as esterification, hydrolysis, dehy-
dration, alkylation, isomerization [1, 2]. The development
of new low-temperature active heterogeneous catalysts with
thermally and hydrolytically stable acidic centers is very
important and attracts the attention of scientists worldwide
(3, 4].

Nowadays the preparation of the carbon catalytic sys-
tem with high concentration of acidic groups is carried out
by impregnation of carbon materials (active carbons, car-
bon fibers, etc.) with acids, sulfonation of carbonized natu-
ral organic materials or carbonization of sulfur-containing
compounds, in particular S-containing aromatic hydrocar-
bons [5—7]. These methods of synthesis of carbon-based
catalysts often resulted in obtaining products that were in-
convenient to use or were unusable due to their mechanical
or thermal properties. Particularly, difficulties arose when
those materials were used in liquid-phase reactions, espe-
cially under heating, because of rapid inactivation and de-
crease in catalytic activity [6, 7].

This paper proposes a method for obtaining the carbon
fibers with S-containing surface groups. Acid-base catalysts
were prepared by oxidation of modified materials and their
catalytic activity as well as their thermal properties was

tested.

Experimental

Busofit commercial carbon fiber obtained by carboniza-
tion and activation of viscose was used as initial material.
Its specific surface area determined by the BET method and
its total pore volume were: S = 1380 m*/g, V = 0.63 cm’/g,
respectively.

Functionalization of carbon fibers (Cfs) with S-
containing groups was performed by treatment of the initial
material with sulfur vapor at 500, 600, 700 and 800 °C. The
reaction was carried out under an argon atmosphere for 1 h.
Then the samples were allowed to remain for 1 h at the
temperature of synthesis to remove physically adsorbed
sulfur and cooled to room temperature without disconnect-
ing the argon feeding line. Thereafter, the materials ob-
tained were oxidized by 30 % H,O, solution to prepare
acidic catalysts. The temperature of sulfur vapor treatment
is indicated in the sample title.

All modified carbon fibers were investigated by ther-
mogravimetric  analysis (TGA) and temperature-
programmed desorption mass spectrometry (TPD-MS).
Catalytic activity of the synthesized acidic catalysts was
studied in the reaction of propan-2-ol dehydration. The tem-
perature of 100% conversion of propan-2-ol to propylene
was used as a measure of catalytic activity.
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Results and discussion

The treatment of carbon fibers with sulfur vapors and
H,0O, solution enabled obtaining samples with acidic S-
containing surface groups. Analysis of the TPD-MS data
revealed that desorption of these groups occurred with SO,
evolution (m/z 64) in the temperature range 85-550 °C.
That range was rather wide and could be divided into two
parts: the low-temperature (85-250°C) and the high-
temperature (250-550 °C) ranges with maxima at 190+10
and 300£10 °C, respectively. Functional groups desorbed
in the low-temperature interval could be identified as graft
sulfo-ether groups and/or sulfuric acid adsorbed on the CFs
surface [8]. Functional groups which decomposed in the
high-temperature range could be identified as sulfo groups
(8]

Analysis of the TGA data revealed that all modified
samples demonstrated a significant increase in weight loss
as compared to the initial samples. Also, in contrast to ini-
tial CFs, there were maxima in the temperature range 150—
470 °C on the differential weight loss curves. In accordance
with the TPD-MS data, those maxima could be related to
desorption of S-containing groups from the modified CFs
surface.

The concentration of S-containing groups was calcu-
lated from the TGA data. For all modified samples the con-
centrations of these groups were 0.26—0.88 mmol/g and the
highest value was found for the CFs treated with sulfur va-
pors at 500 °C. According to concentrations of S-containing
groups, all samples could be arranged in the order as fol-
lows: CFs/S/500> CFs/S/600> CFs/S/700> CFs/S/800. The
concentration of surface acidic groups declined as the syn-
thesis temperature increased. Maximum desorption of the
acidic surface groups occurred at 24545 °C and slightly
differed for all samples obtained.

The investigation of the catalytic activity revealed that
100 % conversion of propan-2-ol to propylene was ob-
served for all samples modified. The temperature of 100 %
conversion was 155-230 °C. The catalytic activity of the
samples completely corresponded to the concentrations of
oxidized S-containing groups on the surface and the highest
value was observed for sample CFs/S/500. All modified

CFs could be arranged in order by their catalytic activity
and this sequence was analogical to the one given above.
Catalytic activity of these catalysts was preserved during
repeated use. Initial fibers appeared to be inactive in the
propan-2-ol dehydration when tested at temperature up to
240 °C.

Thus, the treatment of carbon fibers with sulfur vapor
followed by oxidation with hydrogen peroxide ensured
obtaining samples with acidic S-containing groups in the
surface layer. These materials have a sufficiently high
thermal stability and can be used as effective low-
temperature acid-base catalysts in the reactions that proceed
at temperatures up to 200 °C.
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INposeneno MommGikyBaHHS TOBEPXHI BYIVIEHIEBOrO BOIIOKHA bycodit napamut cipku B TemIiepa-
TypHOMY iHTepBait 500-800 °C 3 mopatbIIMM OKUCHEHHSIM OTPHMAHHX MaTepiajliB HEPOKCHIOM
BOJIHIO, B pe3yJbTaTi 4Oro OTPHMMAaHO 3pa3KH BYIJICLIEBOTO BOJIOKHA, II0 MICTATH Ha MOBEPXHI
S-BMicHI KucnmoTHi Tpynu. MeTomoM TepMOIpOorpaMoBaHOl JAECOPOLIHHOI Macc-CIIEKTPOMETPIT
TIOKa3aHo, 10 IeCOPOLTist CIPKOBMICHHX pyn BinOyBaetThes y BUVLsial SO, B TeMITEpaTypHOMY iH-
TepBati 85-550 °C. Meronom TepMOl"paBlMeI‘pI/I‘lHOFO aHazy pospaxoBana KOHIICHTpALisI
S-smicHuX rpyrr. [1oka3ano, 10 KiMbKICTb KMCIOTHHUX TPYIT 3aICKHT BiJI TEMIICPATYPH CHHTE3Y
3paska: BOHA € HAWOLTBIIONO VTSt 3pa3ka, OTPUMaHOro IpH 00podwi mapamu cipku ipu 500 °C, i
3MEHIITYETRCS TIPH TBUIIICHHI TEMITCpaTypy CHHTE3Y. [IOCHIDKEHO KATAMITHYHY aKTHBHICTH
OTPUMAHOr0 BOJIOKHA B PeaKIii Jieripararti i3omnportiioBoro cnupty. [TokazaHo, 1o cuHTe30BaHi
Martepiaii XapaKTepHU3yIOThCS JOCUTh BUCOKOIO KaTai THYHOIO aKTUBHICTIO — MPH BUKOPHCTaHHI
BCIX MOJM(IKOBAHNX 3pa3KiB BiOYBAETHCS TOBHE TIEPETBOPCHHS i30np0niﬂ030r0 CIUPTY B IPO-
miyieH. TemnepaTypa ITOBHOTO IEpETBOPEHHS PeareHTy B IPOIYKTH peakuii ckamae 155-230 °C.
BcranoBieHo, 110 psit KaTaTITHIHOI aKTHBHOCTI TTOBHICTIO Y3TO/DKYETHCS 3 PSIIOM T10 KOHIICHT-
pattii cipkoBmicHuX rpym. ITokazaHo, 1110 CHHTE30BaHI 3pa3Ki MOXKYTb OyTH BUKOPHCTaHi SIK aKTHB-
Hi KHCJTIOTHO-OCHOBHI KaTaJli3aTopH NPH MPOBEZICHH] peakwii B intepBai Temmeparyp 1o 200 °C.
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INpoBeneno MomuUIMPOBaHNE TTOBEPXHOCTH YITIEPOAHOro BojiokHa Bycodwur mapamu cepsl B
TemneparypHoM uHTepBaiie 500-800 °C ¢ mocneayronuM OKUCIEHAEM OTy4eHHBIX MATEPUAIOB
TIEPOKCHIOM BOJOPOZA, B PE3YNIbTATE YEro MOTy4eHB! 00pasiibl YIIIEpOITHOro BOMIOKHA, COZEp-
KaIlie Ha TOBEPXHOCTH S-CoJEpyKalliie KHCIOTHBIE TpyHIbl. MeromoM TepMonporpaMMHupo-
BAHHOW J1eCOpPOLIMOHHON Macc-CIIEKTPOMETPHHM TIOKa3aHo, YTO JIecOpOLMS CepoCOIeprKalyx
rpymi npoucxonur B Buze SO, B TeMneparypHoM uHTEpBaie 85-550 °C. MeTonoM TepMorpasy-
METPHYECKOT0 aHAITN3a PaccurTaHa KOHIIGHTpalwsl S-copepykarmx rpym. [lokasaHo, 4ro Komm-
YECTBO KHUCIIOTHBIX IPYIII 3aBUCHUT OT TEMIIEPaTyphl CHHTE3a 00pasiia: OHa SBJICTCS HAMOOIBIICH
Ju1s1 00pasiia, moTydeHHoro pr 00padoTke napamu cepbl pu 500 °C, 1 yMeHbIIaeTcst py 1o
BBIILICHNH TEeMIIEpaTyphl chHTe3a. VccienoBana KaTanuTHieckasl akTMBHOCTB ITOITy4EHHOTO BO-
JIOKHA B PEaKLHH IETUpaTali W30IPOITHIIOBOro crmpta. [TokasaHo, 4To CHHTE3NpOBaHHBIE Ma-
TepHaJIbl XapaKTEepU3YIOTCS JIOCTATOYHO BBICOKOH KaTaJIUTHYECKON aKTHBHOCTBIO — TIPH HCTIONb-
30BaHUM BCEX MOJM(UIIMPOBAHHBIX 00pa3IoB MPOUCXOINT MOHOE MPEBpAIeHHE M30MPOITIIO-
BOI'O CIIMPTa B MPOMWIEH. TeMreparypa HOMHOro NpEeBpalieHys peareHTa B IPOLYKThI PEaKIiK
cocraBisier 155-230 °C. YcraHoBIIEHO, YTO psijl KATATMTHYECKOW aKTUBHOCTH MOIHOCTBIO COIVIa-
CyerTcsi C pSZIOM O KOHIIEHTPAIMN CEepOCOsieprKalliX rpymil. [1oka3aHo, 9To CHHTE3NpOBaHHBIE
00pasIpl MOryT ObITh HCIIONB30BAHBI KAK AKTHBHBIE KHCIOTHO-OCHOBHBIC KaTalIM3aTOPBI TPH
MIPOBEIEHAN peakLii B uHTepBase TeMueparyp 1o 200 °C.



