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Bromination of carbon fibers as a route
to formation of active functional surface
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Bromination of PAN-based carbon fibers (CFs) by liquid bromine and aqueous solution of
Br,"KBr complex was carried out and chemical and thermo desorption properties of the samples
synthesized were studied. It was established that bromination of carbon fibers resulted in grafting
onto surface layer up to 0,5 mmol/g of bromine and its concentration slightly depended on the
method of bromination. Graft bromine is hydrolytically stable at 30—100 °C. It was established that
thermal desorption of bromine as HBr occurs within the temperature range 100600 °C. The
amount of HBr desorbed in the temperature ranges of 100-300 and 300600 °C is approximately
the same. It was found by TGA and TPD-IR methods that the concentrations of carbon monooxide
and dioxide for brominated CFs are higher in comparison with initial carbon fibers that indicate a
parallel process of surface oxidation which results in formation predominantly phenolic groups.
Treatment brominated CFs with alcoholic solutions of different amines under heating leads to the
complete removal of the bromine and grafting N-containing functional groups onto the surface

layer. Concentration of amino groups in the surface layer of samples equals 0,5-1,0 mmol/g.

Carbon fibers (CFs) in comparison with other carbon
materials with large surface and porous structure possess
high thermal and mechanical resistance, so they are com-
petitive materials for application in adsorption and catalysis
[1, 2]. Their properties can be varied by the modification of
the surface with different functional groups [3, 4]. One of
the most common synthetic approaches used in organic
synthesis for obtaining various compound derivatives is the
initial preparation of halogen-containing precursors with
active halogen that can be substituted by other functional
groups.

In the present work bromination of carbon fibers using
liquid bromine and aqueous solution of Br,-KBr complex
was carried out and brominated precursors were treated
with amines for synthesis of N-containing carbon materials.

Experimental

Commiercial Polyacrylonitrile-based carbon fibers (CFs)
were used as an initial material. The samples of CFs with
functionalized surface were obtained as follows.

Bromination with liquid bromine (method B1) or aque-
ous solution of Bry'KBr complex (method B2): carbon fibers
(5 g) were treated with 10 ml of liquid bromine or 50 ml of
aqueous solution containing 10 % Br, and 15 % KBr at
room temperature for 1 hour. Then the samples were
treated with 10 % solution of potassium oxalate (200 ml)
till carbon dioxide evolution was ceased. The samples were
filtered and washed with distilled water until Br ions were
not detected in washing waters. Modified fibers were dried

at 120 °C. The samples obtained are designated as CF/B1
and CF/B2.

Substitution of bromine by the amine residues: samples
CF/B1 or CF/B2 were mixed with excess of 20 % ethanol
solution of amine and heated at 90 °C for 15 hours in an
autoclave. Thereafter, the fibers were washed with water
and dilute sulphuric acid to remove physically adsorbed
amine, then with 1 % sodium carbonate solution for re-
newal of basic state of amino groups. The samples were
washed with distilled water to neutral pH of washing water
and dried at 120 °C. For CFs modification the following
amines were used: ethylenediamine (En), diethylamine
(Et:N), monoethanolamine (MEA) and piperazine (Pi).

The synthesized samples were investigated by chemical
(CA) [5] and thermogravimetric (TGA) analysis, tempera-
ture-programmed desorption with IR spectrometric regis-
tration of gaseous products of desorption (TPD-IR) and
temperature-programmed desorption mass spectrometry
(TPD-MS).

Results and discussion

According to CA data bromination performed under
condition of mentioned above techniques provides obtain-
ing up to 0.5 mmol/g of bromine in carbon surface layer.
This concentration weakly depends on the chosen method
of treatment.

Analysis of TPDMS data revealed the presence of the
fragments with m/z 80 and 82 (HBr) in desorption products
in an equal amount that corresponds to the natural ratio of
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isotopes of bromine. Signals of the fragments with m/z 79
and 81 (Br) are 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 the decomposi-
tion of Br-containing groups on CFs surface. Desorption of
HBr occurs in a wide temperature range, which indicates
the energy inhomogeneity of surface sites involved in bro-
mination process. The amount of HBr which is desorbed in
the temperature ranges of 100-300 and 300-600°C is
approximately the same.

Bromination of carbon fibers that was carried out
according to the proposed techniques was accompanied by
a significant oxidation of the carbon matrix. As a result of
the parallel oxidation of CFs surface various oxygen-
containing functional groups were formed. Significant de-
sorption of water and carbon oxides all over temperature
range studied was registered.

Graft bromine is sufficiently stable and does not hydro-
lyze upon prolonged storage of brominated CFs at room
temperature, both in air and in water. Hydrolysis occurs
while samples are treated with concentrated alkali solutions,
particularly when heated.

According to TGA data desorption of bromine from the
surface of the CF/B1 and CF/B2 samples are registered in
the range of 170-320 + 10 °C with a maximum at 220 °C
and at higher temperatures. The concentration of bromine
determined by TGA in a low temperature range equals 30—
50 % of the total amount of bromine in the samples. The
concentration of bromine which desorbs in a high tempera-
ture range can not be determined by this method because

simultaneously intensive desorption of carbon oxides from
the CFs surface occurs.

After treatment of CF/B1 and CF/B2 samples with al-
coholic solutions of amines the absence of bromine was
observed and a new peak of weight loss appeared on TGA
curves at 260 +20°C, indicating to the substitution of bro-
mine by amino groups. As it was found by TGA the con-
centration of amino groups in the samples was equal 0,5—
1,0 mmol/g. The samples obtained have sufficient thermal
stability and can be used both as adsorbents and catalyst
carriers [6] with large specific area and functional surface
layer.
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IpoBeneno GpomupoBaHKe yIiepoaHOro BoIokHa Ha ocHoBe ITAH »ukuM GpoMOM 1 BOTHBIM
pactBopoM Komiutekca Bry-KBr. VccnenoBans! XMMHUYECKHE M TEPMOAECOPOLIOHHBIE CBOMCTBA
TIOTy4EHHBIX 00pa3LOoB. Y CTAHOBJIEHO, YTO OpPOMHPOBAHNE TIPUBOAUT K BBEJICHUIO B TIOBEPXHO-
CTHBIH cI10# BosokHa 10 0,5 MMOE/T GpoMa M €r0 KOHIICHTPAITHST MAJIO 3aBUCHT OT METo/ia Opo-
MupoBanys. [IprBHUTOIN OpoM SIBJISIETCS THAPOIMTUYECKH YCTOWUIMBBIM NpU Temrieparypax 30—
100°C. YcraHOBIIEHO, YTO BBIIEIEHHE OpoMa MPOKCXOIUT B TeMIieparypHoM naTepBasie 100-600 °C
B BHJle OpoMoBonoposa, KormuectBo HBr, koTopoe aecopOupyercs B TemiiepaTypHbIX HHTEpBa-
nax 100-300 u 300-600 °C, npuOmsuTensHO oauMHAKoBO. [1oka3aHo, 9To Jy1s GpOMUPOBAHHBIX
00pasIIoB 110 CPAaBHEHHIO C MCXOHBIM YIJIEPOIHBIM BOJIOKHOM HAOMIONACTCS YBEINUICHHE KOH-
LIEHTpaLi OKCHIIOB YITIEPOJa, OCOOCHHO MOHOOKCH/IA, UTO CBUJIETEIBCTBYET O MapauIeibHOM
OKVICJICHIH TIOBEPXHOCTH 00pasIioB ¢ 00pa30BaHKMEM MPEUMYIIECTBEHHO (heHONMBHBIX rpym. O6-
paborka GpOMHPOBAHHBIX 0OPA3LIOB CIMPTOBBIMU PACTBOPAMH aMHUHOB PA3IMYHOM NPUPOJIBI TIPH
HarpeBaHUX TIPUBOJWT K MOJTHOMY YJICHHIO OpoMa M BBEACHHIO B TIOBEPXHOCTHBINA clOi N-
coeprKanyx (PyHKIMOHATBHBIX TPy KoHIeHTparys aMUHOIPYIIT B TIOBEPXHOCTHOM CJIO€ BO-
JsioxHa coctanister 0,5—1,0 MMOTIB/T.
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Ipoeneno GpoMyBaHHS ByIJIELIEBOrO BOJIOKHA Ha ocHOBI [TAH pimxuM OpoMoM i BOTHUM po3-
yuHOM Komruiekcy Br,'KBr. JlocrmimpkeHo XiMidHI 1 TepMozecopOLiiHi BIaCTUBOCTI OTPHMAaHHX
3pa3kiB. BcTaHOBIIEHO, 1110 OpOMYBaHHSI TIPU3BOIHTE JI0 BBEACHHS B IOBEPXHEBH I1ap BOJIOKHA
110 0,5 MMOJTB/T GpOMY 1 HOro KOHITCHTpAITiS ClTa0KO 3AICKUTH B MeToy OpoMyBaHHsL. [Iprmiie-
IIEHHI OpOM € TiapomiTHYHO cTitikuM npu Temreparypax 30—100 °C. INokazaHo, 1110 Tepmozeco-
pO1ist OpoMy criocTepiraeTbest B TeMreparypaomy intepsaiti 100-600 °C y Bursii GpoMOBOIHIO,
Kinbkicte HBr, sikunit necopOyeTsest B Temmneparypaux inrepsaiax 100-300 i 300-600 °C, € npu-
OMI3HO OTHAKOBOIO. BCTaHOBITEHO, 1110 TIOPIBHSHO 3 BUXIIHUM BYIJICTICBAM BOJIOKHOM, IS Opo-
MOBAHHX 3pa3KiB CIIOCTEpIraeThest 30UTHIICHHS KOHIIGHTpAL! OKCHIIIB BYIVIELI0, OCOOJIMBO MOHO-
OKCHTY, IIIO CBITYATH NPO NapajieIbHe OKHCICHHS TIOBEPXHI 3pa3KiB 3 YTBOPEHHSIM IEPEBAKHO
(eronmpHMX rpyI. OOpoOKa TaoreHoBaHNX 3pasKiB CIIMPTOBHMH PO3YNHAMHM aMiHIB PI3HOI MPH-
PO TIpH HArpiBaHHI MPU3BOAMTH JI0 TTOBHOTO BHJIJICHHS! OPOMY 1 BBEIICHHIO B TTOBEPXHEBHI
map N-BMiCHUX (yHKIIOHAJIEHUX TpyI. KoHIIEHTpartis aMiHOTpYIT B TOBEPXHEBOMY ILIapi BOJIOK-
Ha ctaHoBHTH 0,5—1,0 MMOJTB/T.



