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Abstract. In this study, a chitosan-based composite containing up to 51.73 wt.% iron was synthesized
using chemical precipitation and cross-linking methods for the effective absorption of hydrogen sulfide (H-S)-
a component of natural gas emissions released into the atmosphere. The composite was characterized using
FTIR, XRD, and EDS techniques. Its H2S absorption properties were evaluated under industrial conditions at
the “Gazli oil and gas production department” in the Bukhara region, and its H,S absorption capacity was

determined to be 1.82 mg/g.
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Introduction. In recent years, metal-ion-
modified chitosan (CS) composites (CS/Me™) have
been recognized as promising sorbents for
ecosystem protection. Chitosan's biodegradability
and the presence of electron-donating functional
groups-specifically -NH; and -OH impart effective
sorption properties to the material. Modifying CS
with FexOy enhances the sorbent's specific surface
area and its mechanical and chemical stability;
furthermore, it creates additional active sites,
thereby improving its sorption characteristics.
Literature analysis indicates [1] that iron-modified
chitosan effectively adsorbs heavy metal ions,
anions (such as arsenate, phosphate, and chromate),
and toxic gases like hydrogen sulfide (H.S). High
sorption capacity, selectivity, and the potential for
regeneration further underscore the scientific and
practical significance of this material [2-3].

These modified sorbents demonstrate high
efficiency in H,S capture. This efficiency is
determined by surface chemical properties that can
enhance the adsorption-catalytic  oxidation
mechanism for H.S. These processes lead to the
conversion of H,S into various sulfur-containing
products, even under conditions of very low oxygen
content and high humidity. Potential products
include elemental sulfur (S), SO, sulfates, sulfuric
acid, and metal sulfides [4]. In this context, the
synthesis of Fe**-modified CS-based sorbents and
the study of their structural properties are of
significant interest for the development of eco-
friendly sorbents.

The aim of this study is to determine the
conditions for preparing an iron-modified chitosan
composite and to characterize it, as well as to
investigate the potential of CS/Fe3* for removing
H.S from natural gas and biogas.

Materials and methods. The following
materials were used to prepare the composite:
FeCl3;x6H20 (99%, Macklin, China), chitosan (CS;
degree of deacetylation >95%, Mw 50 kDa,
Macklin, China), 25% glutaraldehyde (Hungary),
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NaOH (analytical grade), acetic acid, and distilled
water.

To investigate the structure of the composite,
Fourier-transform infrared (FTIR) spectroscopy
was employed in the 400-4000 cm™ range using a
Bruker INVENIO-S spectrophotometer (Bruker
Optik GmbH, Ettlingen, Germany). Samples were
prepared as potassium bromide (150-250 mg KBr)
pellets; the solid sample (1.5-2 mg) was ground into
a fine powder in a porcelain mortar. The resulting
mixture was placed in a mold, held under vacuum,
and pressed at a pressure of 7x108 Pa for 2 minutes.

XRD analysis was performed using an XRD-
6100 X-ray diffractometer (Shimadzu, Japan).
Diffraction patterns were recorded and monitored
via computer. The XRD-6100 instrument utilized
Ni-filtered CuKa radiation, with the X-ray tube
operating at a current of 30 mA and a voltage of 30
KV. The detector scanning speed was set to 4°/min,
the scanning angle range was 4° to 80°, and the step
size was 0.02° (20).

Energy-dispersive spectroscopy (EDS) was
used to determine the elemental composition of the
obtained samples.

Results and discussion. Chitosan and FeCls;
were subjected to a co-precipitation process at
22°C, involving varying mass ratios and intensive
stirring at 400 rpm for 10 minutes. The mixture was
then titrated with a 0.5 M NaOH solution. The
resulting chitosan composite (CS/Fe*) was
decanted and washed repeatedly with distilled
water. In the second stage of the process, 12.5%
glutaraldehyde was used to cross-link the obtained
CS/Fe®* powder. To ensure complete cross-linking,
the CS/Fe** was stirred continuously with
glutaraldehyde at 22°C for 24 hours. The CS/Fe®*
composite was washed multiple times with distilled
water and subsequently dried in an oven at 60°C for
24 hours until a constant mass was achieved. The
resulting composite was found to contain 51.73%
Fe. FTIR spectroscopic analysis was performed on
the sample to identify the functional groups of the
composite (Figure 1).
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Figure 1. FTIR spectra of chitosan (a) and
CS/Fe* (b)

Accordingly, a broad absorption band
corresponding to the vibrations of hydrogen bonds
between the -OH and -NH: groups in chitosan was
observed in the 3450-3300 cm! region of the FTIR
spectrum. The wavenumbers 2920 cm™* and 2858
cm?t are characteristic of -CH, and -CH; group
vibrations; the fact that the intensity of these
vibrations remained virtually unchanged after iron
modification indicates that the glucosidic ring
structure of the chitosan was preserved. Absorption
associated with Amide | (C=0) and N-H groups was
observed in the 1650-1590 cm™ range (specifically
at 1634 cm™). The absorption at 1424 cm™ is
characteristic of the -CH, and -CH groups in
chitosan. The absorption band at 1089 cm
corresponds to the C-O-C and C-O bonds in
chitosan and exhibits a slight shift in the CS/Fe®*
sample. Finally, the absorption at 468 cm™ likely
corresponds to the Fe-O bond, indicating that the
composite has been modified with iron. These
results are consistent with data reported in the [5].

Based on FTIR results, the presence of the
absorption region associated with Fe-O bonds was
also confirmed by the composite's EDS spectra and
XRD data, indicating that the composite possesses
a predominantly amorphous structure (Figure 2).

Figure 3. EDS spectrum of CS/Fe**

The EDS spectrum revealed the presence of C
31.55 wt.%, O 16.14 wt.%, Fe 51.73 wt.% elements.
The C and O signals may be related to the oxygen-
binding functional groups and oxygen compounds
of iron in chitosan. The Fe signal indicates the
modification of iron to chitosan.
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Figure 2. X-ray phase analysis of the CS/Fe**
composite

X-ray analysis was performed to determine the
structural properties of the obtained CS/Fe®*
composite; this enabled an assessment of whether
the composite was crystalline or amorphous and
allowed for the identification of structural changes
resulting from the modification of chitosan with
Fe** ions. No distinct diffraction peaks were
observed in the CS/Fe®* diffractogram (Figure 2);
instead, a broad, diffuse maximum appeared. This
indicates that the material has a predominantly
amorphous structure. The disappearance of
diffraction peaks characteristic of chitosan suggests
that the degree of polymer crystallinity decreased
due to the coordination bonding of Fe* ions with
the -NH; and -OH functional groups of the chitosan
chains. Furthermore, characteristic peaks for iron
oxide crystals were not observed, as crystalline iron
oxides had not yet formed at this stage.The
observation of a very weak and broad shoulder in
the 33°-36° range on the diffractogram may
indirectly indicate the successful incorporation of
iron ions into the composite structure.

Based on the micrograph obtained using a
scanning electron microscope (SEM), energy
dispersive spectroscopy (EDS) was carried out,
which revealed the content of Fe** (Figure 3).
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The H.S sorption properties of the composite
were investigated under industrial conditions at the
“Gazli oil and gas production department” in the
Bukhara region, and its sorption capacity was
determined to be 1.82 mg/g.
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Conclusion. A CS/Fe*" composite containing oxygen-containing iron(I11) compound. Preliminary
51.73 wt.% Fe was synthesized, and its structure, laboratory studies on the application of this
composition, and morphology were characterized. composite for the adsorption of industrial gases
XRD results revealed that the sample possesses an such as H,S and CO. demonstrate the future
amorphous structure. The presence of absorption potential of the CS/Fe®" composite. Research is
bands associated with Fe-O in the FTIR spectrum ongoing.

indicates the conversion of the FeCls salt into an
Funding. The study was conducted with financial support from the Institute of Polymer Chemistry and Physics.
REFERENCES

1. Salehi E., Daraei P., Arabi Shamsabadi A. A review on chitosan-based adsorptive membranes // Carbohydrate
Polymers. — 2016. -Vol. 152. —P. 419-432. -DOI:10.1016/j.carbpol.2016.07.033

2. WuZ.C.,Wang Z. Z., LiuJ., Yin J. H., Kuang S. P. Removal of Cu(ll) ions from aqueous water by L-arginine
modifying magnetic chitosan // Colloids and Surfaces A: Physicochemical and Engineering Aspects. — 2016. — Vol. 499,
—P. 141-149. — DOI: 10.1016/j.colsurfa.2016.04.012

3. Patifio-Ruiz D. A., De Avila G., Alarcon-Suesca C., Gonzalez-Delgado A. D., Herrera A. lonic cross-linking
fabrication of chitosan-based beads modified with FeO and TiO, nanoparticles: Adsorption mechanism toward
naphthalene removal in seawater from Cartagena Bay Area // ACS Omega. — 2020. — VVol. 5, No. 41. — P. 26463-26475.
— DOI: 10.1021/acsomega.0c02984.

4. LiuZ.,ChenZ., ChenQ., Liu L., Wang Y., Shu P., Zhong Y., Sun Z., Qiu K. Heterogeneous catalytic oxidation
regeneration of desulfurization-rich liquor with Fe** modified chitosan // Frontiers in Environmental Engineering. — 2023.
—Vol. 2. — Article 1167552. — DOI: 10.3389/fenve.2023.1167552.

5. Monier M., Ayad D. M., Wei Y., Sarhan A. A. Adsorption of Cu(ll), Co(Il), and Ni(Il) ions by modified magnetic
chitosan chelating resin // Journal of Hazardous Materials. — 2010. — Vol. 177, No. 1-3. — P. 962-970. — DOI:

PA3PABOTKA M UCCJEJOBAHUE CBOMCTB KOMIIO3UIIMOHHBIX
KOPJAUEPUTOBBIX 3JIEKTPOKEPAMHUYECKUX MATEPHUAJIOB
HA OCHOBE MECTHOT'O U BTOPUYHOI'O CBIPbA

Tyasranosa Bacuia CynatniiaeBHa

o0.m.u., npo@. 3ae.1a6. I'Y «Dan ea mapaxxuémy npu TI'TY um. U. Kapumosa

AHHOTAIHA. B cTaTbe MIPEACTABICHBI pe3yabTaThl pa3paboTku KOMITO3HUIIMOHHBIX
DIEKTPOKEPAMHUECKUX MATEPHUAJIOB HA OCHOBE MECTHOTO M BTOPHUYHOTO CHIPHSI, a TAK)KE MCCIEIOBAHMS MX
KEPaMHUKO-TEXHOJIOTUYECKUX, (DU3MKO-MEXaHAYECKUX M JIUAICKTPUUYCCKHX CBOMCTB. YCTaHOBJICHO, YTO
ombITHBIE 00pa3mbl kommo3unun KM-1, KM-2 00magaroT BBICOKMMH ITOKa3aTEsIMH  JJIEKTPUIECKOH
MIPOYHOCTH, yICTHHOTO 00BEMHOTO COMPOTHRIICHUS U MEXaHHUYECKOW MPOYHOCTH.

KiroueBble cjioBa: TanbK, KAONHWH, OCHTOHHWT, KOPAHEPUTOBAS KEpaMHUKa, DJIIEKTPOKEpaMHUKa,
TUDIIEKTPHYECKUE CBOMCTBA, TEMIIEpaTypa, 00KUT, KOMIIO3HIIMOHHBIE MacChl, OTIBITHBIE 00pa3IIbl.

BBenenue. 3a MocJeTHue TOJTBI M3BICKAaHUSI HOBBIX CBIPBEBBIX PECYpCOB IS
pa3HOO00pa3HEIe KEpaMUYCCKUE MaTepHabl KepaMH4eCKOU MIPOMBIILICHHOCTH,
NONYYUJId UIMPOKOE MPUMEHEHHWE BO MHOTHX YCOBEPILICHCTBOBAHUIO TEXHOJIOTUHU MPOU3BOJICTBRA,
OTpacisax MIPOMBIIIIEHHOCTH. CymiecTByOT pa3paboTK 0e30TXOMHON TEXHOJIOTHH IONyYeHUS
pa3IHYHBIe KepaMHu4ecKue MaTepHabl, BBICOKOKAaYECTBEHHBIX KEPAMUYIECKIX MaTEpPHAIIOB.
obOnanmaronue  cnenuUIeCKUMHU  CBOMCTBaMHU, YckopeHHbie TEMITBI pa3BuTHA
Omarogaps, KOTOpPBIE HAIIUIN IIUPOKOE MTPUMEHEHHNE JNEKTPOTEXHUKH, SHEPTETHKH U MAIIMHOCTP OCHHE
TakKMX  OTpacisiX  MPOMBIIIICHHOCTH,  Kak B pecITyOJIiKe CBSI3aHBI C IPUMEHEHHEM B OOJBIIHIX
pakeTocTpoeHuee, sIIEPHOMN TEXHUKH, Macrirabax CaMbIX Pa3HOOOpa3HBIX
CaMOJIETOCTPOCHHUE, B METaJUTyprUueCKOH, SIEKTPOU3OJSIIMOHHBIX MaTepuanoB. B cBs3u ¢
He()TeXUMHYECKOMH, AIEKTPOTEXHUYECKOM, 3TUM  CO3JaeTcsi  OocTpas  HeoOXOJWMOCTb
xumuueckoil u apyrue. Kepamuueckue matepuanbl MpOBEJCHHUsT ~ TIIYOOKMX  HAYYHO-TEXHUYECKHX
00J1a1aI0T BHICOKOW MEXaHUYECKOH, TePMUYECKOH, WU3BICKAHUM 1O  ONpPEeAENICHUI0  BO3MOXKHOCTH
JNEKTPUIECKON MPOYHOCTHIO, OTHEYHNOPHOCTHIO, OpTraHM3aliN TPOU3BOJICTBA IIMEKTPOTEXHHUIECKUX
TUDIIEKTPHYECKUMHI CBOMCTBaMH, W3JIENAA C WCIIOb30BAHUEM MECTHOTO CBIPhSI U
MbE303JIEKTPUIECCKUMU, CETHETOANEKTPUUCSCKUMU U OTXO0J/IOB MIPOMBITIIEHHOCTH. Heobxoanmo
JIPYTUMHU CBOMCTBaMHU. co371aBaTh HOBBIE AIEKTPOKEPAMUYECKUE

B cBs3u ¢ aTuM mpencTonuT GoMbIIME 3amaun MaTepHrabl, XapaKTEePU3YIOLTHECS
[0 JaJbHEHUIIEMY Pa3BUTHIO HOBBIX KEPAMUUYECKUX creru(uUecKuMu  CBOWMCTBaMHU,  Pa3padoTaTh
MaTepUaioB CO CHCHU(DUYSCKUMH CBOMCTBaMHU, HOBBIE TEXHOJIOTUYECKUE MPOLIECCHI,
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