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Bromination of Busofit carbon fiber with liquid bromine was carried out and chemical and thermal
desorption properties of the samples obtained were studied. It was established that bromination re-
sulted in grafting 1 mmol/g of bromine onto the superficial layer of the fiber. It was demonstrated
that thermal desorption of bromine was observed as hydrogen bromide in the temperature range
150-650 °C with maxima at 390 °C and 470 °C. Treatment of the brominated samples with sulfur-
containing compounds under heating led to grafting S-containing groups onto the superficial layer.
The pre-bromination conditioned higher concentration of sulfo groups on the surface of Busofit as
compared to the non-brominated samples. Oxidation of S-containing groups enabled obtaining fi-
ber samples with concentration of sulfo groups up to 0.5 mmol/g. Desorption of sulfo groups from
the fiber surface occurred in the temperature range 170-450 °C with maximum at 250+10 °C. The
materials synthesized exhibit sufficient thermal stability for use in acid-base catalysis.

Introduction

Carbon fibers (CFs) are known to have a very large sur-
face area and a high thermal and mechanical stability. They
can be used not only in adsorption processes, but also in
catalysis as carriers and heterogeneous catalysts [1, 2].
Their properties can be varied considerably by means of
functionalization of CFs surface with functional groups of
different chemical nature [3, 4]. Unlike other methods of
synthetic chemistry, bromination is a convenient procedure
for further nucleophilic substitution of bromine for organic
functional groups.

This paper is focused on the bromination of carbon fi-
bers and explores the possibility to use Br-containing pre-
cursors for the synthesis of S-containing fibers.

Experimental

Commercial Busofit carbon fibers with BET specific
surface area 1380 m*/g and total pore volume 0.63 cm’/g
were used as initial material. The source material for Bu-
sofit CFs manufacturing is viscose.

Bromination with liquid bromine was carried out as fol-
lows: a sample of fibers (5 g) was treated with 10 ml of
liquid Br; at room temperature for 1 h and then with 10 %
solution of potassium oxalate (200 ml) until carbon dioxide
evolution ceased. The sample was filtered and washed with
distilled water until no Br” ions were detected in the wash-
ing waters. The brominated sample was air-dried at 120 °C
for 10 h. The sample was designated as CF/Br.

Substitution of bromine for a sulfo group: Samples of
the initial and brominated CFs (1 g) were filled with a con-
centrated solution (5 ml) of sodium mercaptoacetate or so-
dium sulfide, and were allowed to remain at 120 °C for

15 h. CFs samples that has been treated with sodium mer-
captoacetate were hydrolyzed by boiling with 15 % HCI for
2 h and were washed to remove the acid. All S-containing
samples were oxidized by 30 % H,O, for 3 h, washed with
distilled water and air-dried at 120 °C for 10 h. The samples
obtained by treatment with sodium mercaptoacetate were
designated as CF/S1 and CF/Br/S1 and those treated with
sodium sulfide were designated as CF/S2 and CF/Br/S2.

All CFs samples were studied by chemical analysis
(CA) [5], thermogravimetric analysis (TGA) and tempera-
ture-programmed desorption mass spectrometry (TPD-
MS).

Results and discussion

According to the CA data, the concentration of bromine
in brominated CF/Br sample was 1 mmol/g, Analysis of the
TPD-MS data revealed that desorption of bromine from the
surface occurred as hydrogen bromide in the temperature
range 150-650°C, and two maxima — at 390 °C and
470 °C — were registered on the experimental curves. The
fragments with m/z 80 and 82 (HBr) were observed in an
equal amount that corresponded to the natural ratio of iso-
topes of bromine. Signals of the fragments with m/z 79 and
81 (Br) were significantly less intensive and completely
synchronous to the temperature dependences of HBr evolu-
tion, indicating the formation of Br as a result of HBr disso-
ciation in the mass-spectrometer but not as a result of de-
composition of the Br-containing groups of the CFs sur-
face.

As it was shown in [4], the treatment of brominated ac-
tive carbon with S-containing compounds followed by oxi-
dation with hydrogen peroxide enabled obtaining samples
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with sulfo groups in the surface layer. Analysis of the TPD-
MS data of carbon fibers CF/Br/S1 (CF/S1) and CF/Br/S2
(CF/S2) revealed that desorption of S-containing groups
occurred as SO, (m/z 64) in the temperature range from 60
°C to 550 °C. That was due to the presence of sulfo groups
in the surface layer. The signals m/z 48 that corresponded
to SO desorption were also registered in TPD-MS spectra,
but their intensity was much lower than that of SO..
Thermo desorption curves of SO evolution were com-
pletely synchronous to SO, evolution, indicating the forma-
tion of SO as a result of SO, dissociation in the mass-
spectrometer, but not as a results of decomposition of other
S-containing surface groups.

The sulfo group concentration was calculated by TGA
method according to the weight loss in the temperature
range 170-450 °C (usually, the interval of SO, desorption
registered by TGA is 50-100 degrees narrower than that
obtained by TPD-MS due to different experimental condi-
tions). According to the data obtained, the concentrations of
sulfo groups for pre-brominated samples CF/Br/S1 and
CF/Br/S2 were 0.37-0.53 mmol/g, and for the samples
synthesized by S2 method those concentrations were
higher. For all S-containing carbon fibers desorption of SO,
occurred with a maximum at 250 + 10 °C. The temperature
dependences of mass loss for non-brominated samples
CF/S1 and CF/S2 were similar to those described above but
concentrations of sulfo groups for those samples were less
and equaled 0.30-0.33 mmol/g,

Thus, bromination of carbon fibers Busofit with liquid
Br, enabled obtaining active bromine-containing precur-

sors, in which bromine could be substituted by S-containing
groups. It was demonstrated that pre-bromination led to
synthesis of CFs samples with higher concentration of sur-
face sulfo groups as compared to those obtained without
such treatment. It was found that sodium sulfide was
preferable in preparation of intermediate S-containing CFs
samples compared to sodium mercaptoacetate. The synthe-
sized samples with surface sulfo groups were much more
thermally stable. They seem to be promising materials in
selective adsorption and acid-base catalysis.
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IpoBeneno GpomMyBaHHS BYIJIELIEBOTO BOJIOKHA bycodiT pinkuM GpoMoM Ta OCTiPKEHO XiMiYHi
1 TepMozIecopOLiiHI BIACTHBOCTI OTPHMMaHHX 3paskiB. BcraHoBiIeHO, 1110 OpoMyBaHHS IPUBOIUTE
JT0 BBE/ICHHS B TIOBEPXHEBHIA AP BOJIOKHA J10 1| MMOIE/T Opomy. [TokazaHo, 1o TepMomecopOrtis
OpOMYy CITOCTEpITaeThest B TeMriepaTypHoMy iHTepBatti 150650 °C y Burisiti GpoMOBOITHIO 3 Ma-
kenmymamu ipu 390 Ta 470 °C. OBpobka OpoMOBaHHX 3pa3KiB CIPKOBMICHIMH CIOIYKaMH TIPH
HarpiBaHHi TIPUBOJUTH 0 BBEACHHS B IOBEpXHEBUH map S-BMicHUX Tpyrl. Ilonepente Gpomy-
BaHHsI IPUBOJUTH IO OTPHMAHHS OUTBIIOI KUTBKOCTI Cyb(horpyn Ha noBepxHi bycodity mopis-
HSHO 3 HeOpOMOBaHMMH 3pa3kaMu. OKHUCHEHHS S-BMICHUX TPYI JIO3BOJISIE OTPUMATH 3pa3Kd BO-
JIOKHA 3 KOHIICHTpaAITieto cymb(orpyn a0 0,5 MMorb/T. JlecopOrtist CyabghorpyIr 3 IOBEPXHI BOJIOK-
Ha BiIOyBaeThCs y TemneparypHomy intepsait 170450 °C 3 makcnmymom ripu 25010 °C. Cun-
Te30BaHI MaTepiay XapaKTepH3YIOTHCS JOCTATHHOIO TEPMIYHOIO CTIHKICTIO JyIsi BUKOPHCTaHHS 1X

Y KHCJIOTHO-OCHOBHOMY KaTaJTi3i.
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[poBeneHO OpOMUPOBAHUE YIIICPOIHOTO BOJIOKHA BycouT KHIKIM OpOMOM U HCCIICIOBAHEI
XUMIYECKUE ¥ TEPMOICCOPOIMOHHEIC CBOMCTBA TIOTyICHHBIX 00PA3IoB. Y CTAHOBIICHO, YTO Opo-
MUPOBAHHE IPUBOJIUT K BBEJICHUIO B TIOBEPXHOCTHBIH CJIOM BOIOKHA 10 1 MMOns/T Opoma. [Toka-
3aHO, 4YTO TepMozecopOust Opoma HabIoaeTcs B TemreparypHoM naTepaie 150-650 °C B Bu-
Jnie OpomoBoziopoza ¢ MakcuMymamu Tipu 390 u 470 °C. ObpaboTka OpOMHUPOBAHHBIX 0OPA3LIOB
CepoCoNIepXKaIlMHA COEIMHEHHSIMU TIPH HATPEBAHNH TIPUBOJUT K BBEJCHHIO B MOBEPXHOCTHBIN
croit S-comeprkanmix rpym. [IpempapurensHOoe OpOMHUPOBAHNE TIPUBOIMT K TIOTYICHIIO OOIh-
IIIeT0 KOITMYECTBa CyIb(Orpym Ha rmopepxaoctr bycodura 1o cpaBHeHHIO ¢ HEOPOMHUPOBAHHBI-
MH o0pasaMu. OKHUCIICHHE S-coNep KaIiX TPYIIT MO3BOJSIET ITOYIUTh 00Pa3Ibl ¢ KOHIICHTPA-
el cynbgorpymn g0 0,5 Mmois/T. lecopOuust cymb(orpyr ¢ MOBEpXHOCTH BOJIOKHA MPOUC-
XoIuT B TemneparypHoM unTepBaie 170-450 °C ¢ makcumymom mpu 250+10 °C. Cunresupo-
BaHHbIE MaTepUAIIbI XapaKTEPHU3YIOTCS IOCTATOYHON TEPMIYECKON CTOMKOCTBIO [UTST NCTIONB30Ba-
HUSI MIX B KHCJIOTHO-OCHOBHOM KaTaJIM3e.



