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Plasma bromination as pre-treatment of carbon fiber

for acid-base catalyst preparation

L.M. Grishchenko', T.M. Bezugla', V.V. Trachevskiy’, A.V. Vakaliuk',
O.A. Byedd', V.Ye. Diyuk’

"Taras Shevchenko National University of Kyiv,
60, Volodymyrska Str., Kyiv 01601, Ukraine, Tel: (044) 239-34-38;
National Aviation University,
1, Kosmonavt Komarov ave., Kyiv 03680, Ukraine, Tel.: (044) 406-74-04

The samples of carbon fibers were brominated in low-temperature gas discharge and their physico-
chemical properties were studied. It was shown that the concentration of graft bromine depended
on processing time and reached 0.9 mmol/g at 20 min of treatment. Thermal desorption properties
of synthesized samples were studied. It was shown that temperature range of bromine desorption
from the surface of the samples was more narrow as compared to the samples obtained by liquid
phase bromination, indicating that the reaction of bromination involved energetically more homo-
geneous surface centers. Oxidation of the fiber surface during bromination in the gas discharge was
much lower compared to the modification in the liquid phase. It was shown that the synthesized
materials can be used as precursors for preparing of fibers with acid SO;H-groups in the surface
layer. SO;H-containing carbon fibers showed catalytic activity in the reaction of isopropanol dehy-
dration. They were characterized by higher stability under reaction conditions in comparison with

the samples obtained from precursors that had been brominated by liquid phase method.

1. Introduction

Acid-base catalysts are widely used in commercially
important processes of chemical and petrochemical
synthesis such as esterification, hydrolysis, dehydration,
alkylation, isomerisation [1, 2]. Nowadays a promising
trend in heterogeneous catalysis is chemical modification of
carbon sorbents to manufacture the low-temperature acid-
base catalytic systems. High concentration of active acidic
centers can be achieved by impregnation of carbon
materials with strong acids but such systems are
inconvenient to use in liquid-phase reactions especially at
high temperature [3, 4]. Grafting of acidic functional groups
is preferable but this is rather difficult due to chemical
inactivity of carbon surface. Plasma bromination of carbon
materials is known to be a way to produce chemically reac-
tive anchoring groups onto surface for covalent grafting of
organic molecules [5]. Covalent bonded bromine is a reac-
tive leaving group in nucleophilic substitution reaction and
well suited for grafting of organic molecules with —-NH,, —
OH or —SH groups.

Carbon fiber (CF) sorbents are microporous materials
with high thermal and mechanical stability. Their structural
features and physico-chemical properties made them prom-
ising materials for producing of catalysts and catalyst carri-
ers with needed adsorption characteristics [6, 7]. Chemical
specificity of CF surface layer can be improved by grafting
of different functional groups. Pre-halogenation of carbon
fibers and treatment of the active precursors with sub-

stances containing required functional groups were per-
formed to prepare heterogeneous catalysts with graft acidic
functional groups that are active catalytic centers [5, 8].

As it was previously found, bromination of carbon fi-
bers in a liquid phase (liquid bromine or aqueous solution
of Br,-KBr) was accompanied with significant oxidation of
surface layer [9, 10]. In this work we used plasma bromine
treatment to obtain bromine-containing CF samples.

2. Experimental

Commercial Polyacrylonitrile-based carbon fibers (CFs)
with Sgr=900 m”/g were brominated in a low-temperature
gas discharge. Surface bromine was substituted by SO;H-
functional groups and obtained catalysts were tested in a
model reaction of isopropanol dehydratation. Physico-
chemical properties of the synthesized materials were stud-
ied by chemical analysis (CA) [11], thermogravimetric
analysis (TGA), and temperature-programmed desorption
mass spectrometry (TPD-MS).

Bromination of CF samples: CFs (2 g) were treated
with bromine in electrodeless high-frequency plasma dis-
charge at a frequency of 27,12 MHz and under a pressure
of 10,1 mm Hg, Time of treatment was 5, 10, 15 or 20 min.
Before modifying the samples were dried at 120 °C for 1 h
and evacuated. Bromine was purified by distillation over
concentrated sulfuric acid.

Substitution of surface bromine by S-containing func-
tional groups: Brominated CFs (1 g) were immersed in
5 ml of an aqueous solution of 25% NaSCH,COONa or
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20% Na,S in an autoclave and heated for 12 h at 90 °C.
Then the samples were boiled in 25% HCI for 2 h, washed
with distilled water and treated with 30% H,0, for 3 h. All
samples were washed and dried in air at 120 °C.

3. Results and discussion

According to the CA data the concentration of bromine
in a surface layer depends on treatment time and reaches
0,9 mmol/g when samples are brominated for 20 min under
mentioned conditions. Analysis of the TPD-MS data shows
that decomposition of bromine-containing samples occurs
with HBr evolution in the temperature range 180-430 °C.
This interval is essentially more narrow (per 80—150 °C)
compared with similar data for samples brominated in a
liquid phase [10]. This indicates that bromination runs with
involving more energetically homogeneous surface sites.
The signals corresponding to carbon monoxide and carbon
dioxide are characterized by low intensity and observed at
temperatures close to HBr desorption and also above
600 °C, indicating the decrease of the surface oxidation
impact into bromination process compared to bromination
in the liquid phase.

The TGA data demonstrate weight loss at 180350 °C
and at higher temperatures. A low temperature range corre-
sponds to bromine desorption but its amount is only 40—
—60 % of the total bromine in the samples. The concentra-
tion of bromine which evolves in a high temperature range
can not be determined using the TGA data because simul-
taneous desorption of carbon oxides from the CF surface
occurs.

These TGA data confirm the covalent binding of bro-
mine and indicate rather high thermal stability of the sam-
ples obtained. Nevertheless, some graft bromine that de-
sorbs in the range 180-350 °C can be substituted with other
types of functional groups. Thus, the treatment of the bro-
minated active carbons with S-containing substances (H,S,
NaSCH,COONa, etc.) followed by hydrolysis and oxida-
tion provides obtaining samples with SOsH-groups in the
surface layer [12]. Accordingly to the TPD-MS data, de-
sorption of SO;H-groups from the surface occurs as SO,
(m/z 64) at 60-550 °C. There are signals (m/z 48) that cor-
respond to SO desorption. They are essentially less inten-
sive than SO, ones. Thermodesorption curves of SO evolu-
tion are synchronous to SO, indicating SO, dissociation in
mass-spectrometer but not decomposition of some S-
containing surface groups. The temperature interval of SO,
desorption is rather wide. After mathematical treatment by
Gauss function it can be divided into two parts with
maxima at 230 and 330 °C. This may be due to existence of
SO;H-groups in macro/mesopores and micropores and thus
different rate of desorption [12].

According to the TGA data, there are significant effect
of weight loss at 150-340 °C for carbon fibers treated with
S-containing reagents. Chemical analysis demonstrates the
absence of bromine in these samples (or it is present in trace
amounts) so this effect is proved to be a result of desorption
of S-containing surface groups (according to TPD-MS).

The concentration of SO;H-groups was calculated from the
weight loss data at 150-340 °C considering CO, that also
evolves in this temperature range. Brominated samples are
revealed to be more efficient precursors than the original
CFs for preparation of SO;H-containing materials. Their
weight loss in the temperature range 150-340°C is
essentially greater in comparison with non-brominated
samples. The greatest concentration of graft SO;H-groups
(0.7 mmol/g) was registered for the pre-brominated CFs
(20 min) that were treated with NaSCH,COONa.

Investigation of the catalytic activity of SO;H-
containing CFs in isopropanol dehydratation shows that
complete conversion of isopropanol to propylene occurs at
210260 °C. Samples obtained by using NaSCH,COONa
as S-containing reagent are more active in comparison with
Na,S. Pre-halogenation of CFs provides the lowest tem-
peratures of dehydratation; the complete conversion occurs
at 210 °C. The catalytic activities of CF samples that were
brominated in a gas discharge and in a liquid phase (liquid
bromine or aqueous solution of Br,-KBr) are almost similar
but the catalytic activities of the first ones does not decrease
with heating up to 260°C (CFs treated with
NaSCH,COONa) and 300 °C (CFs treated with Na,S).

When the catalysts were heated above the temperature
of complete conversion of isopropanol to propylene (tiop)
the activity of samples obtained from plasma brominated
CFs did not change being the same at temperatures that
exceed typ, per 40-50 °C. The activity of catalysts obtained
without pre-bromination abruptly decreased at temperatures
above tjop,. Thus, the SO;H-containing samples that were
treated with bromine in a low-temperature gas discharge are
high stable under reaction conditions in comparison with
non-brominated ones, so there is a possibility of using them
for a longer time.

4. Conclusions

Bromination in low-temperature gas discharge is a
promising technique for preparation of bromine-containing
CF precursors which can be converted into materials with
other surface chemical properties. Concentration of graft
bromine depends on the time of treatment and reaches 0,9
mmol/g after 20 min of bromination. Surface bromine can
be easily substituted by another functional groups. SO;H-
containing CF samples are active catalysts in isopropanol
dehydratation. They are more stable in comparison with
ones prepared by brominating in a liquid phase.
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Iomyaensr 00pasiip! 1 MCCleA0BaHb! (PU3UKO-XUMHUIECKHE CBOHCTBA OPOMHPOBAHHOIO B HH3KO-
TEMIIEpaTypHOM Ia30BOM Paspsiie YIIIEpOIHOTrO BOIOKHA. [10Ka3aHo, YTO KOHLIEHTpaIHs! IIPHUBH-
TOro Opoma 3aBUCHT OT BpEMEHH 00paboTku 1 goctrraer 0,9 MMb/T ipu OpOMHUpOBaHHH B Te-
yenre 20 muH. MccnenoBaHel TepMOaECOPOIMOHHBIE CBOWCTBA CHHTE3MPOBAHHBIX OOpAa3LIOB.
INokazaHo, 4TO TeMIepaTypHBIil HHTEpBaI AecopOIIN OpoMa ¢ MTOBEPXHOCTH 00pA3IIOB SBISCTCS
Gortee Y3KUM I10 CPaBHEHHIO ¢ 00pa3iaMH, TOITydEHHBIMIA OOBIYHBIM >KHIKO(a3HBIM OpOMHPOBa-
HHEM, YTO CBHJCTENIBCTBYET O MPOXOXKICHHIH PEAKIMN C YJaCcTHEM SHEpreTHIeckH Ooree oHo-
POZHBIX IIEHTPOB ITOBEPXHOCTH. Y CTAHOBJIEHO, YTO OKHCIICHHE TOBEPXHOCTH IIPH OPOMUPOBAHHHI
B IA30BOM pa3psyie 3HAYNTEIHHO MEHBIIIE, YeM NPH MOJM(HIMPOBAHUH B XUIKOH (aze. [Tokaza-
HO, YTO CHHTE3MPOBAHHBIC MaTePHasIbl MOT'YT OBITh UCIIONIB30BAHBI KaK MPEKYPCOPHI TS TIOITyde-
HUSL BOJIOKOH, COICPKAIMX HA MOBepXHOCTH KucioTHble SO;H-rpymmsl. O6pasier ¢ SO;H-
TpyMIaMH TIPOSIBIIIOT KATATUTHYECKYIO aKTHBHOCTh B PEAKIMH JIETHAPaTALIN M30MPOIaHoia 1
XapaKTepH3YIOTCst Ooriee BHICOKON CTaOMIIBHOCTBIO B YCIIOBHSIX JAHHOM PEAKIMN IO CPABHEHHMIO C
00pas1aMH, ToTydeHHBIMI Ha OCHOBE NPEKYPCOPOB, OPOMUPOBAHHBIX KUIKO(A3HBIM METOIOM.
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OT1puMaHoO 3pa3Kul Ta JTOCTIPKEHO (hi3HKO-XiMIUHI BIACTHBOCTI OPOMOBAHOTO B HA3BKOTEMITCpa-
TYPHOMY Ta30BOMY PO3psiii BYIJIEleBOro BosokHa. [TokazaHo, 1110 KOHIIEHTpALis IPUILEIUICHOTO
OpoMy 3aJIeXHTh BiJ yacy o0poOku Ta pocsrae 0,9 Mmons/T ipu OpomyBanHi npotsiroM 20 XB.
JlocnipkeHo TepMoziecopOLiiHI BIacTMBOCTI CHHTE30BaHMX 3pa3kiB. [TokasaHo, 1o Temrieparyp-
HU iHTepBas AecopOLi OpoMy 3 OBEPXHi 3pa3KiB € 3HAYHO BY)KYHMM, HOPIBHSHO 13 3pasKamH,
OTPUMAHNMH 3BUYAHIM piiKodasHIM OpOMYBaHHSM, IO CBITYUTB NP0 Nepedir peakiyi Opomy-
BaHHSI 32 Y4acTIO OUIbII €HEPreTHYHO OJHOPIIHMX IICHTPIB MOBEpXHI. BeTaHOBIEHO, 10 OKMC-
HEHHsI TIOBEPXHI IpY OpPOMYBaHHI B Ta30BOMY PO3PSYIl € 3HAYHO MEHIIHMM, TTOPIBHSHO 3 MOIHi-
KyBaHHsM Y piakii ¢asi. [Tokasano, 1o cuHTE30BaHi MaTepiayii MOKYTh OyTH BHKOPHCTaHi sIK
TIPEKYPCOPH ISl OTPUMAHHSI BOJIOKOH, 110 MICTSTh Ha 1oBepxHi kuciotHi SO;H-rpynm. 3pasku 3
SO;H-rpynamn nposBISIIOTE KaTAIITHYHY aKTHBHICT B PEaKIii Jeripataii i30mporaHory Ta
XapaKTEePH3YIOTHCS BUILIOIO CTAOUTHHICTIO B yMOBaX Iepediry TaHol peakxiiii MOpiBHSHO i3 3pa3Ka-
MM, OTPUMaHNMH Ha OCHOBI IPEKypCOpiB, OPOMOBAHHX PiIKO(ha3HAM METOZIOM.



