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Annomayusn: 8 yciogusx 2100anbHO20 IKOIOSULECKO20 KPUSUCA, BbI36AHHO20 CIPEMUMENbHBIM POCIOM 00b6-
MO8 NPOMBIULTIEHHBIX U OBIMOBBIX OMX0008, NOUCK IPDEKMUBHBIX MEMOO08 UX NePepadomKu CMAHOBUMCsL KIiode-
601 3a0auetl yCmouueoco pazsumus. Tpaduyuontvle cnocodbl YMuau3ayuu, makue Kaxk 3axopoHeHue uil cocued-
HUe, He MObLKO MpebyIom 3HAYUMENbHBIX PECYPCO8, HO U NPUBOOSIM K 3ACPSZHEHUI0 AMMOCEHepbl OMPUYAmMensHO
OuoI0cUYeCKU AKMUBHBIMU 2a3aMu. B amom Konmexcme nupoau3 yenepoocooepucaumux omxo008 npeocmasisiem
C0001 NEPCREKMUBHYIO ANbMEPHAMUBY, COUEMAIOWYI0 IKOIO2UHECKYI0 HE30NACHOCIb U IKOHOMUYECKYVIO Yeneco-
0bpasnocms. B omauvue om coicueanust, NUpOIU3 RPOMEKAem 8 cpede ¢ 02PAHUYEHHBIM COOEPAHCAHUEM KUCIOPOOd,
ymo munumusupyem gviopocor CO u CO», a makdice no36oasem noayyams yYeHuvle GMopuynble npoOyKmvl — RUPO-
JIUZHBLE 2A3bl, AHCUOKUE U MEEPObIE Yenepoouble mamepuanvl. [locieonue npucoousl 0Jisk UCNOIL3068AHUSL 6 KaUecmae
aocopbenmos. /s ygeenuueHus a0copoOyUOHHOU CROCOOHOCHU UCTOB3VION aKMUBAYUIO NPOOYKMO8 NUPOLU3A XU-
MUYECKUMU PeazeHmamu (eao4amu, KUCIOMAMU UL B00AHbIM HAPOM), YMO 3HAYUMETbHO NOSbIUAE UX NOPU-
cmocms u a0copoOyUOHHYI0 EMKocmyb. B 0annotl pabome onpedenenvt adcopoyuonHvle C0UCMBA AKMUBUD OBAHHBIX
600HbIM 2M pacmeopom eudpoKcudom Kaaus npooykmoeg nupoausa ayseu noocoaneunuxa (KJI-21(A)), npooykmog
RUPOAU3A JIy32U NOOCOIHEUHUKA COBMEWEHHLIX ¢ Oenmonumosou enunou (KJIT-21(A4)) u npodykxmos nupoausa us-
MENbUEHHBIX USHOULCHHBIX asmomodunbhbix nokpviuex (KP-21(A)). Cnekmpoghomomempuueckum memooom usy-
yeHa ux d¢hghekmusHocms 8 OMHOWEHUU A0COPOYUU MemuieH08020 201y0020 (MI) — modenvHo2o KamuoHHO20
Kpacumes, WUPOKO NPUMEHAEMO20 8 OYeHKe NO2IOMUMENbHOU CHOCOOHOCMU A0COPOEeHmo8. YcmanosieHbl Ku-
Hemuyeckue 3a8UcUMOoCmuy aocopoyuu, onpeoenenvl npedeivhvle adcopoOYUOHHble CHOCOOHOCIU XAPAKMEPUCTUKL
IKCHEPUMEHMANLHBIX MAMEPUANos 8 3agucumocmu om kowyenmpayuu MI. Pesynrbmamul dKCnepUMeHmMAaIbHbIX
UCCAEO06ANHUT NO3GOJISTIOM 3AKIOYUMDb, YMO AKMUBAYUsL NPOOYKMOE RUPOIU3A PACMEHUEBOOHUECKUX U KOMMYH-
MATLHBLIX OMX0008 SUOPOKCUOOM KAAUs YAVHUAenm a0copOYUOHHbIE XAPAKMEPUCTIUKU PA3PAOOMANHO20 Mamepu-
ana.

Lenu: svissumsv adcopbyUOHHBIE CEOUCMEA AKMUBUPOBAHHBIX 800OHbIM 2M pacmeopom 2udpokcuoa Kauus npo-
0yKmos nupoausa jy3eu cemsan nooconneynuka KJI-21(A), npodykmos nupoausa ny3eu cemsan noOCOIHEYHUKA CO8-
Mewénnblx ¢ benmonumosou enuno KJ/IT™-21(A) u npodyxmoe nupoau3a usHOUEHHbIX A6MOMOOUIbHBIX NOKPLIULEK
KP-21(A).

Memoowt. /[ns uccnedosanus a0copOYUOHHBIX CEOUCE CHEKMPOPOMOMEMPULeCKUM MEMOOOM UCHONb308AILCS
cnexmpogomomemp Nabi MicroDigital (FOxcuas Kopest), npubopwvi u peaxmugbl 1a60pamopHo20 HA3HAYEHUSL.

Pesynomamol. Boisenenvl epaguyeckue 3a8UcCUMOCmu 8eIUtUHbl RO2T0WAIOuell CHOCOOHOCIU OM NPOOOIICU-
MeIbHOCMU U CKOPOCMU A0COpOYUU, NOCPOEHDL, U NPOAHATUZUPOBAHBL U30MEPMbL A0COPOYULL.

Boteoowt. Ilonyuen adcopbyuonno-aKkmuHblll MAmepual Ha OCHO8e NPOOYKMO8 RUPOAU3A TY32U CEeMH NOOCO-
HeYHUKA U NpoOYKMO8 NUPOIU3A USHOULEHHBIX A8MOMOOUTbHBIX NOKpbluek. Buvisigrena aocopbyuonnas émxocmo
oopazyoe KJI-21(A) — 474 me/e, KIIT-21(A) — 131 me/e, KP-21(A) — 351 me/e. Ilonyuenuvie uzomepmuvl demepmu-
Hupytomcs mooenvio Jlenemiopa.
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Ycemanosneno, umo aocopbyuonnoe pagnogecue nacmynaem uepes 6 uacos y KJI-21(A) u uepes cymxu y KJII-
21(A) u KP-21(A).

Buisieneno, umo nauboavuas ckopocms adcopoyuu xapaxkmepra 0as oopaszya KJI-21(4) u cocmasuna 0,00094
mmonv/mun unu 0,300 me/mun 6 nepgvie 15 Murym 3Kcno3uyuu.

Knwoueswvie cnoea: ymunuzayus, omxoovl azpOnpOMbIUIEHHO20 KOMIIEKCA, KOMMYHAbHbIE OMX00bl, Jy32a Ce-
MSIH NOOCOTHEUHUKA, UBHOUWEHHbLE A8MOMOOUTbHBIE NOKPHIUWKY, A0COPOYUsL, MEMUTEHOBbII 201Y00U, U30MmepMbl
aocopoyuu
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AKTHBUPOBAHHBIMU TPOJYKTAMH IHPOJIM3a JIy3TH CeMsH IOJCONHEYHHKa U ObITOBBIX oTxom0B // Chemical
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Abstract: in the context of the global environmental crisis caused by the rapid growth of industrial and
household waste, the search for effective methods of their recycling is becoming a key task of sustainable
development. Traditional disposal methods, such as burial or incineration, not only require significant resources,
but also lead to atmospheric pollution with negatively biologically active gases. In this context, pyrolysis of
carbon-containing waste represents a promising alternative combining environmental safety and economic
feasibility. Unlike combustion, pyrolysis takes place in an environment with a limited oxygen content, which
minimizes CO and CO2 emissions, and also allows for the production of valuable secondary products — pyrolysis
gases, liquid and solid carbon materials. The latter are suitable for use as adsorbents. Activation of pyrolysis
products by chemical reagents (alkalis, acids, or steam) is used to increase the adsorption capacity, which
significantly increases their porosity and adsorption capacity. In this work, the adsorption properties of sunflower
husk pyrolysis products activated with an aqueous 2 M solution of potassium hydroxide (KL-21(A)), sunflower husk
pyrolysis products combined with bentonite clay (KL-21(A)) and pyrolysis products of crushed worn car tires (KR-
21(A)) were determined. Their effectiveness in terms of adsorption of methylene blue (MG), a model cationic dye
widely used in assessing the absorption capacity of adsorbents, has been studied by spectrophotometric method.
Kinetic dependences of adsorption have been established, and the maximum adsorption capacities of experimental
materials have been determined depending on MG concentration. The results of experimental studies allow us to
conclude that the activation of pyrolysis products of crop and communal waste with potassium hydroxide improves
the adsorption characteristics of the developed material.

Obijectives: to identify the adsorption properties of pyrolysis products of sunflower seed husk KL-21(A)
activated with an aqueous 2 M solution of potassium hydroxide, pyrolysis products of sunflower seed husk
combined with bentonite clay KL-21(A) and pyrolysis products of worn-out automobile tires KR-21(A).

Methods. A Nabi MicroDigital spectrophotometer (South Korea), laboratory instruments and reagents were
used to study the adsorption properties by the spectrophotometric method.

Results. Graphical dependences of the absorption capacity on the duration and rate of adsorption are revealed,
and adsorption isotherms are constructed and analyzed.

Conclusions. An adsorption-active material based on pyrolysis products of sunflower seed husks and pyrolysis
products of worn-out automobile tires was obtained. The adsorption capacity of CL-21(A) samples was 474 mg/g,
CLG-21(A) — 131 mg/g, and KR-21(A) — 351 mg/g. The obtained isotherms are determined by the Langmuir model.

It was found that the adsorption equilibrium occurs after 6 hours in KL-21(A) and a day later in KL-21(A) and
KR-21(A).
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It was found that the highest rate of adsorption is characteristic of the KL-21(A) sample and amounted to
0.00094 mmol/min or 0.300 mg/min in the first 15 minutes of exposure.
Keywords: recycling, waste from the agro-industrial complex, municipal waste, sunflower seed husk, worn-out

car tires, adsorption, methylene blue, adsorption isotherms
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Beenenue

B coBpemeHHOM MHpe NOPOUCXOIUT OBICTpOE
yBEeIUYEHHE OOBEMOB CEJIbCKOXO3SIMCTBEHHBIX, MPO-
MBIIUICHHBIX W OBITOBBIX OTXOAOB, YTO HETaTUBHO
CKa3bIBAETCSI HAa HKOJOIMU U 3I0POBbE HACEJICHMUSL.
OnvH U3 COBPEMEHHBIX METOJIOB IEPEepabOTKH OTXO-
JIOB 3TO — MHPOJIU3, TAK)KE U3BECTHBIN Kak cyxas Iie-
peroHKa. DTOT METO OCOOCHHO aKTyaJeH JUIsl YTUIIH-
3alUU OTXO/OB, COAEPKALIMX OPraHUYECKHE COenu-
HEeHHMsI, TaKUe KakK IJIACTUKU U OMomacca. B mpomecce
nuponu3a, T.e. 0e3 ydJacTusl Kuciopona, B ycrmoBusx
BBICOKMX TEMIIEpaTyp W OTCYTCTBHS KHCIOPOAA
CIIOKHBIE OPraHMYEeCKHE MOJEKYNbl IOABEPraroTcs
nuponuzy. B xozme aroro mporecca MPOMCXOAUT HUX
JOECTPYKLHS C BBIAEICHUEM TOPIOYEro CHHTE3-rasa u
psimga mobouHBIX BemiecTB. KimoueBbiMU (akTopamm,
OTIPEACTSAIONINMH COCTaB MPOAYKTOB, SBISIOTCS Ia-
paMeTpbl HCXOAHOTO MaTepuaia, TeMIepaTypHBbIi
PEKUM, IaBJIEHUE, CKOPOCTh HAarpeBa U BpeMsl HKCIIO-
3ULMHU. YTpaBIeHUE 3TUMU NEPEMEHHBIMHU SIBJISCTCS
KPUTUYECKN BaXKHBIM JJISi ONITUMH3ALMU BBIXOJA Iie-
JIEBBIX MPOLYKTOB. MITOrOM TEPMHYECKOTO pa3iioxe-
HUsL 0€3 10CTyna OKUCIUTENS SIBJIIETCS NpeBpalleHIe
MCXOJHOTO BEIIECTBa B IPOCTHIE JIETYYHE COEAMHE-
HUS ¥ TBEP/BII yIIEpOAUCTBIA OCTATOK. DTOT OCTATOK
MOYKET HCIIONb30BATHCS KaK aJIcCOPOEHT MM TOILIHBO,
YTO JIeNaeT Mpolecc MUposn3a OoJiee HKOIOTHUECKH
nenecoodpasueiM [1]. [omydeHHbIH MaTepuan uMeeT
BBICOKOPA3BUTYIO Y/AEIbHYIO MOBEPXHOCTH Oyiaronaps
HAJIMYUIO TIOPUCTOHN CTPYKTYPHI U OTIIMYAETCS 3HAYH-
TEJIBHON aJCOPOIMOHHOM criocoOHOoCThIO [2]. [Tupo-
U3y MOTYT HOJBEpPrarbCsi OPraHUYECKHE OTXOMbI
Pa3InYHOro MPOMCXOXKIEHHUA. BBIOOp HCXOMHOTO ChI-
pbsl BO MHOTOM ONpezessieT aJcopOIMOHHOE CPO/I-
CTBO TPOAYKTOB MHpoim3a U amcopbara. ABTopamMu
Hay4YHOH paboTbl [3] HMCHOIB30BaHBI PACTUTEIbHBIC
OpPTaHMYECKUE OTXOJbI, HAIIPUMEDP OJHUM H3 Hanbo-
Jiee pacpOCTPAaHEHHBIX SBISETCS JTUTHOIIEIUTIOIIO3HOE
CBIPBE, BKIIIOYAIONIEE OTXOBI JIECONPOMBIIIIEHHOTO
KOMILJIEKCA U CEJIbCKOro X035KcTBRa [4], a Takke ocal-
KM Wia, 00pa3yromuecs: Mpyu OYHCTKE CTOYHBIX BOJ
[5]. TTomuMO 3TOTO CHIPHEM ISl IOTYUCHHUS YTIICPOI-
HBIX aJCOPOEHTOB CIY)KaT OTXO/bI MHUIIEBOH PAaCTH-
TETbHON MPOMBIIUIEHHOCTH, HAaNpuUMep TIIeHHIIa,

oBéc, parc [6], caxapublii TpocHuk [7, 8]. IIpsmoe
C)KUT'AaHUE SIBIISIETCS OJHUM W3 METOJOB YTHIM3ALUH,
HO 3TOT IOAXOJ MMEET OTPAaHMUYCHMS M3-32 BBICOKOM
BJI&KHOCTH CBIPBS, & TaK)Ke 3HAYUTEIBHOTO COAepIKa-
Husl cepel U a3oTa. [lostomy TpeOyercsi AOMONHU-
TEJIbHAsl OYMCTKA JBIMOBBIX Ta3oB I€pe] UX BHIOPO-
coM B arMmoc(epy. AJbTEpHATHBHBIM 3(Q(PEKTHBHBIM
CHOCOOOM YTWIIM3AIH SBJISIETCS MTUPOIIN3 OTXOMOB C
MOCJIEAYIONIeH KaTaJuTHYECKO mepepaborkoii [9,
10]. B mayunoii ctatee [11] MeTom0M mHpoNH3a OBLT
NOJIy4eH YTIIEPOAHBIA aJcOpOCHT W3 JUTHUHA, BhIIE-
JIEHHOTO B MPOIECCEe KUCIOTHONH 00pabOTKU IpeBecH-
Hbl. B uccnenoBanuu [12] mpomemMoHcTprpoBana 3¢-
(eKTUBHOCTh TIepepabOTKH W3HOUICHHBIX aBTOMO-
OWJIBHBIX IIMH METOJOM IHMPOJIN3a C NOJTYYEHUEM YT-
JIEPOTHOTO afcopOeHTa.

s OTKpBITHS IOp M YBEJIWYEHUS YIEIbHOU IO-
BEPXHOCTH MPHUMEHSIOT MMapora3oBYl0 aKTHUBAIHIO, a
TaKXKe aKTHBALUIO C HCIIOJIB30BAHUEM LIETIOYECH MU
kucioT. Cpenu NpUMEHSEeMbIX PEaKTHBOB JAJIsl aKTHU-
BaIlM YTJIEPOAHBIX aJIcOPOEHTOB BBICOKYIO 3(dek-
TUBHOCTb JeMOHcTpupyeT ruapokcun kamus (KOH).
B uccnenosanuu [13] npeBecHoe chlpbe CHauasa Moi-
BEPIUIM TTHPOJIUTHUECKOMY Pa3JIOKEHHIO, a 3aTeM 00-
paboTany moay4eHHBIH MPOIYKT THAPOKCHIOM KaJusl.
Hpyroit moaxon, omucaHHbI B pabote [14], 3akiro-
YaJcs B WMCIOJIBb30BAaHUM JUISI MOJAM(UKAIMH BOJHO-
CIIUPTOBOTO PacTBOpa C KOHIEHTPALMEH THUAPOKCHIA
kanmus 10% u stanona 5%.

B HacTosimee Bpemsi ancOpOLMOHHBIE MPOLECCHI
AKTHUBHO MPUMEHSIOTCSI B IIPOMBIIIIEHHOCTH, 0COOEH-
HO JUIsI pa3ielieHrs] BEMIECTB M OYMCTKU MPOMBIILICH-
HBIX BBIOPOCOB. DTH TEXHOJOI'MHU IO3BOJISIIOT 3HAYU-
TEJILHO COKPATUTh BO3JICHCTBUE BPEHBIX BEIIECTB HA
OKPYXKAIOIYyI0 Cpely, 4TO OCOOEHHO aKTyaJbHO B
YCIIOBUSIX Y>KECTOUEHHS IKOJIOTMYECKHUX CTaHAAPTOB.
Pa3paboTka HOBBIX a/ICOPOCHTOB W M3Y4YEHHE CIIOCO-
0OB WX TPUMEHEHUS SIBISETCS BaXXHOW 3amadeid c
TOYKHM 3pEHHUSI KaK KOJIOTHH, TaK U 3KOHOMHUKH. [lo-
BbIIeHHE 3P PEKTUBHOCTH afCcOPOCHTOB CIIOCOOCTBY-
€T CHWXEHHIO 3aTpaT Ha OYHUCTKY BBIOPOCOB U
YMEHBIICHUIO TOTPEeOJIEHHS DHEPTrUH, YTO B HTOTE
MOJIOKHUTENBHO CKa3bIBaeTCs Ha oOIIeld Nmpou3BOIU-
TeIBLHOCTH mpeanpustuii [15].
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MaTtepuansl 1 METOABI HCCTETOBAHUIM

B nmanHolf paboTe WCIONB30BaHBI MaTEpHAbI,
MOJyYeHHBIE B TIpenbiaymield padote[16], koTopbie
aKTUBHPOBAJIM THAPOKCHIOM Kaiuus. AKTHUBaIus
NPOBOJMIIACEH B JIAOOPATOPHBIX YCIOBHSIX CIIEIYIOIIIM
obpazom: 10 r momemamm B 100 ™M pactBOpa
THAPOKCHIA Kaliusi C KOHIeHTpamued 2 M mpu
temmneparype 20 °C. O6paboTtka npoponkaiack oT 60
MUHYT 10 4 4acoB. [lomydeHHBIM MaTepuanaMm aaHa
MapKUpPOBKA: aKTUBUPOBAHHBIE MPOTYKTH IMHPOIU3A
my3ru noaconHeynuka — KJI-21(A), akTuBrpoBaHHBIE
OPOAYKTHl ~ THPOJM3a  JYy3TH  IMOJACOJHEYHHKA
COBMEMIEHHOM ¢ OeHTOHMTOBOM TmmHON — KJII-21(A)

" aKTHBUPOBAaHHbIC HPOIYKTHI MHPOITH3a
U3MENBYEHHBIX ~ W3HOUICHHBIX  aBTOMOOMIIBHBIX
mokpermek — KP-21(A). B xagectBe amcopbara

WCITOJIB30BAIM METHJICHOBBIN Tomy6oit (MI'), BEIOOP
JIAHHOTO  KpacuTelsi OO0YCJOBIEH CIIOCOOHOCTBIO
yriaeit  3(p(eKTHBHO  TOIJIOIATh  OPraHUYeCKHe
MOJICKYJIBI, & TaKKe PSIOM JPYTUX MPEHUMYIIECTB:
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XOpOIIEH PacTBOPUMOCTBIO B BOZE, CTAOMIBHOCTHIO B
BOJHBIX PAaCTBOpPAax, HHU3KOW TOKCHUYHOCTBIO U
Oe3omacHOCTRIO B padote. Kpome Toro, MI' sBisieTcs
MOJIETTFHBIM COEAMHEHUEM JUTSI U3YYEHUS aJICOPOITHH,
YTO TIO3BOJISICT CPAaBHHUBATH MOJTYYCHHBIE PE3YJIbTATHI
C  JUTepaTypHBIMH  JdaHHBIMH.  OmpeneneHue
aZCOPOITMOHHBIX ~ XapaKTEPUCTHUK MPOBEACHO TIO
I'OCT 30036.2-93. Kaonun oOorameHHbliH. MeTox
ompezaeneHus mnokaszatens aacopoumu (M.: Usn-Bo
craumapToB, 1994. C. 9). Konnmeurpanmo MI
OTIPENICIISUIN  CIIEKTPO(OTOMET-PHUECKH € HUCIIOJIB30-
BaHueM crektpodoromerpa Nabi  MicroDigital
(FOxnast Kopes) mpu CleIylOmUX  YCIOBHAX:
temrrepatypa 20°C, macca HaBeckH 1 T, HadaahbHas
KOHIIGHTpausi pactBopa = 1 MMOJB/I, TONMMIMHA
KIOBETHI 1 cM, JIyTiHA BOJTHEI 665 HM.
Pe3yabTathl n 00cy:xn1eHust

Ha puc. 1. IlpuBenena rpapuueckasi 3aBUCUMOCTD

BEJINYMHBI aJICOPOIIUH OT MPOJOJLKUTEILHOCTH JKC-

TO3UIHHN.

KI-21(A)

165 360 720 1440 2880

Puc. 1. 3aBucumocTh BeNWYHMHBI afcopouuu oT mpoaospkuTensHocTu ancopoumu KJI-21(A), KIIT'-21(A) u KP-

21(A).

Fig. 1. Dependence of the adsorption value on the adsorption duration of KL-21(A), KLG-21(A) and KR-21(A).

Ha npuBenénnom rpaduxe xpusast KJI-21(A) ume-
eT meperuObl, OTMEUYeHHble HOMepamMu. Ha mpowme-
KyTKe 1-2, HaOJIOJIAeTCs YBEIMYCHHE NPECIIbHOM
aacopOuu. B HadanpHBIE MOMEHT BpPeMEHH Ha TIO-
BEPXHOCTH aficopOeHTa MHOTO CBOOOJHBIX aKTHBHBIX
HEHTPOB, U MOJIEKYJBI ajicopbara OBICTPO 3aHUMAOT
ux. AgcopOrust HaET MPEeUMyIIEeCTBEHHO Ha BHEITHEH
MMOBEPXHOCTH M B KPYIHBIX 1Topax. Ha mpomexyTke 2-
3, mpexnenbHas aacopOLMs PacTET MeIJIeHHee, 3TO
00BSCHSICTCSI TEM, YTO OOJBIIAsl YacTh JETKOIOCTYII-
HBIX IIEHTPOB YK€ 3aHATA, U MOJEKYJIaM MPUXOIUTCS
I yHaAnpoBaTh B O0Jiee y3KHE MOPHI UM KOHKYPU-
poBaTh 3a octaBmmecs mecta. Ha mpomexytke 3-4, He
HaOroMaeTCsl YBEIUYCHHE MPEACIbHON aacopOImm.
Ancopbuus Onu3Ka K paBHOBECHIO — ITIOYTH BCE akK-

TUBHBIC IICHTPHI 3aI0OJHEHBI, CHCTEMa BBIXOJWT Ha
TUHAMHYECKOE PaBHOBECHE (CKOPOCThH afcopOIrum =
ckopoctu aecopouuu). Ha npomexytke 4-5 Halimo-
JAeTCsl TOCIIEAyIolee YBEIMUEHHE TMPeNeIbHON ai-
copOIMK OT TPOJOIDKUTEIBHOCTH aJCOPOIUH, 3TO
CBSI3aHO C 00pa3oBaHMEM HOBOTO aJCOPOIIMOHHOTO
cIosl.

st Becex Tpex mcciienoBaHHbIX ajgcopoenTon (KJI-
21(A), KJII'-21(A), KP-21(A)) ObuIH MONTYYEHBI OH-
HaKOBBIC BEIMUUHBI ajicopOuumn, coctaBubmme 0,0995
MMOJIb/T MI', ofHaKo pa3nuyHble TMPOAOKUTEIHLHO-
CTH JIOCTMKEHHsI aicOpOLMOHHOIO paBHOBecHUs (puc.
1). AxcopOIioHHOE paBHOBECHE MEXIY MPOIYKTaMU
nupoiu3a Jy3ru ceMsH noaconnednnka KJI-21(A) u
MI" nocturaercs crycTs 6 4acoB, B TO BpeMsl Kak ISt
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NPOAYKTOB MHUPOJIN3a JIy3TH CEMSIH MOJCOTHEYHUKA U
6entonuToBas raunbl KJI-21(A) u npoayKToB mupo-
Tu3a KOMMYyHaIBHBIX 0TX070B KP-21(A) amcopOim-
OHHOE PaBHOBECHE YCTAHOBHJIOCH TOJIBKO 4epe3 CyT-
KH.

Ha puc. 2 npuBeneHa 3aBHCHMOCTh CKOPOCTH aI-

copOLUK MPOAYKTOB MUPOJIM3a JTY3TH CEMSH MOJACOJ-
Heunuka KJI-21(A), mpoaykToB muponu3a Jy3rd ce-
MSH TIOJCOJIHCUYHHKA, COBMEIEHHON ¢ rimuon KJII'-
21(A) u IPOAYKTHI MHUPOJN3a KOMMYHAIBHBIX OTXO-
noB KP-21(A), OoT mpoaomKUTENBHOCTH Ipolecca,
IIPY YKa3aHHBIX yCIOBUSIX.

0,001
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0,0008 -
0,0007 -
K.1-21(A)
S 0,0006 -
3, 0,0005
—_ o)
. 0,0004
0,0008 -
KP-21(A)
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0 ] Lt e () R B |
0 ) 15 45 105 165 360 720 1440
t, MuH

Puc. 2. CkopocTh amcopOuuu METHJICHOBOTO roiyooro, aacopoentom KJI-21(A), KIIT-21(A) u KP-21(A), kak

($yHKUIMS TpOJOKUTEILHOCTH IpOLIecca.

Fig. 2. The rate of adsorption of methylene blue by adsorbents KL-21(A), KLG-21(A) and KR-21(A) as a function

of the process duration.

Hcxonda w3 JaHHBIX pHUC. 2, YCTaHOBJIEHO, YTO
HAUOOJBIICH CKOPOCTBIO aJCOPOIUH, COCTABJISIOIICH
0,00094 mmonb/MuH wim 0,300 Mr/mMuH Ha mpoMme-
KyTke oT 0 70 5 MUHYT, 00/1aat0T MPOLYKTHI MUPO-
mm3a ay3ru cemsH mozcomHedHnka KJI-21(A). DOtu
pe3yIbTaThl JAEMOHCTPUPYIOT BBICOKYIO 3(PPEKTHB-
HOCTh JaHHOT'O MaTepHaja B KauecTBe aJcopOeHTa Ha
HayaJIbHBIX 3Tamax mpouecca. beicTpas agcopbuus B
Te4YeHHE TIEPBBIX MUHYT CBHJETEIBCTBYET O XOPOIIEH
JOCTYITHOCTH AaKTHUBHBIX IIEHTPOB Ha IOBEPXHOCTH
yriaepogHoro marepuana. Kpome toro, Beicokast cko-
POCTh aAcopOLMN Ha KOPOTKUX BPEMEHHBIX MHTEpPBa-

Jax yKa3bplBaeT Ha MEPCHEKTHBHOCTH HCIOIb30BAHUS
3TOro MPOJAYKTa B MpoIleccax, Tae TpeOyrTcs ObICT-
peie U 3QdeKTUBHBIE METONBI OYUCTKH, TaKUE Kak
yIaJeHUE 3arps3HSIOIMX BELIECTB W3 Ta30BBIX HIIH
XKUAKUX cpea. bmmke k 12 wacam ckopocTh ancopo-
[ CTAHOBUTCS MMOCTOSIHHOW M MOYTH HE M3MEHSETCS
C TEYCHUEM BPEMEHH Y BCEX MTPOAYKTOB.

[IpencraBnennsie n3oTepMbl aacoporun MI' Ha
npoxykrax KJI-21(A), KJII-21(A) u KP-21(A) obpa-
0OTaHbl C WCIONB30BaHMEM Mozenu JleHrmiopa u
n300pakeHbl Ha puUC. 3, U B JIMHEAPU30BAHHOM BHJIE
Ha puc. 4.
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Puc. 3. M3otepmbl agcopOIpiu METHIICHOBOTO TOIy0oro Ha agcopoentax KJI-21(A), KJIT-21(A), KP-21(A).

Fig. 3. Adsorption isotherms of methylene blue on adsorbents KL-21(A), KLG-21(A), KR-21(A).
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Puc. 4. U3otepmbl afacopOiiu MeTriieHoBoro ronyooro KJI-21(A), KJIT-21(A), KP-21(A) B iuHelHOM BHIE.
Fig. 4. Adsorption isotherms of methylene blue KL-21(A), KLG-21(A), KR-21(A) in linear form.

W3 nMaHHBIX TONYYEHHBIX W30TEPM CIIEAYET, UTO
aacopOimonHas émkocth KJI-21(A) mo MeTuieHoBo-
My ronyoomy paBHsiercs 1,48 mmounb/T wim 0,474 1/T,
KJII'-21(A) — 0,411 mmons/r wim 0,131 r/r, a KP-
21(A) — 1,098 mmons/r i 0,351 r/r. Takum o6pa-
30M, YCTaHOBJIEHO, 4TO 0oOpaboTaHHBIE BOAHBIM 2M
pPacTBOPOM THIPOKCHIA Kallds HPOAYKTHI MHPOJIH3a
ny3ru cemstH nojconHeunuka (KJI-21(A)), xapaxre-
pU3YIOTCS HauOOJbIEH BETUYHHON aacoOpOIMOHHOM
E€MKOCTH, a BEJIMUMHBI acopOIIMoHHOM éMKkocTH, KP-
21(A) u KJII'-21(A) oxazaimucs B 1,5 u 4 pa3a MeHblie

COOTBETCTBEHHO. XOTsI Bce 3Ha4eHHs R? mpeBbImaroT
0,85, 4ro NOATBEPKAAET MNPUMEHUMOCTb MOJIEIU
Jlenrmropa, HauOonblIMe KOA(POUIMEHTHI JEeTEPMU-
Hanmu monmyuensl s KJI-21(A) (R? = 0,9737) u
KJII'-21(A) (R*=0,9132).

B Tabnwie cucreMaTU3MpOBaHBI JAaHHBIE TI0 al-
copbumonHoi emkoctu obpaszmos KJI-21, KJII-21 u
KP-21, monyuennsle B npenpiaymieii padbore, 10 U Ho-
cine xumudeckoil aktuBanuu KOH, nemoHcTpupyto-
e YBEIWYCHUE COPOIMOHHOW CITOCOOHOCTH B pe-
3yJbTaTe NPOBEAEHHON aKTUBAIUH.
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Tabmuma 1
AILCOp6HI/IOHHaH €MKOCTh MMPOAYKTOB MMHUPOJIM3a U UX BAPHUAHT, aKTI/IBI/IpOBaHHHﬁ TUAPOKCHUAOM KajinuAd 110 OTHOLIC-
HUIO K METHJICHOBOMY TOJTyOOMY.
Table 1
Adsorption capacity of pyrolysis products and their variant activated with potassium hydroxide in relation to meth-
ylene blue.

[IpomyKThI AncopOIMoHHAS AncopOIoHHAS AKTHBUpPOBaHHBIC AncopOIMoHHAs AncopOIMoHHAS
MAPOJIHA32 8MKOCTB, MI/T €MKOCTh, MMOJIB/T | TIPOIYKTHI IAPOJIHA3A EMKOCTB, MI/T &€MKOCTH, MMOITB/T

KJI-21 417 1,304 KJI-21(A) 474 1,482

KJII-21 129 0,403 KJII-21(A) 131 0,410

KP-21 299 0,935 KP-21(A) 351 1.097
AHanmu3 3KCIEPUMEHTANBHBIX PE3YNbTATOB, MPU- BoiBoabI

BEJCHHBIX B TaONWIle TIO3BOJIMI BBISIBUTH, YTO
HauOoJbIIIee YBENWUCHUE BENWYNHBI ancopoumu MI
B pe3yJbTaTe IICJIOYHONW 00paboTKH 3apHKCHUPOBAHO
y MPOAYKTOB MHUPOJIH3a JY3r'H CEMSIH MOACOTHEUHUKA
(KJI-21). HawuGompmielr amcopOIMOHHON EMKOCTHIO
XapaKkTepu3yercss akTUBUpoBaHHBIM mpoaykT KIJI-
21(A), agcopOunoHHasi EMKOCTh KOTOPOT'O COCTaBMIIA
474 wr/r, nmpotuB — 131 mr/r u 351 mr/r g KJIT-
21(A) — KP-21(A) cootBerctBenHo. Cormacao I'OC-
Ty 4453-74. Yronb akTUBHBIA OCBETIISAIONINN IpEBEC-
HBI TIOPOIIKOOOpa3HbIi. TexHWYeckne YCIOBHA.
1976. C.18, amcopbumoHHast EMKOCTh aJICOPOSHTOB TIO
METHIICHOBOMY TOJTlyOOMY JIOJ)KHA COCTaBJIATH HE Me-
Hee 200 mr/r. Takum 00pa3oM, MPOIYKTHI MHPOIU3A
KJI-21(A) u KP-21(A) COOTBETCTBYIOT CTaHIapTam
aIcCOpOIIMOHHON EMKOCTH aJICOPOEHTOB TI0 METHIICHO-
BOMY TOJIyOOMY.

OO6paboTka TPOAYKTOB MHPOJIHM3a Iy3TH CEMSH
MOJICOJTHEYHUKA BOJAHBIM 2M pacTBOPOM THMIPOKCHIA
Kanusg sBisieTcss 3(Q(EKTUBHBIM M HKOHOMHYECKH
1eJIecO00pa3HbIM METOJIOM yBEIHUEHHS aCOPOIHOH-
HOH EMKOCTH. YCTaHOBIICHa rpadudecKas 3aBHCH-
MOCTbH CKOPOCTH aJICOPOIIMH OT MPOJOIKUTEILHOCTH
npomecca. Haumbonbimas  CKOpOCTb  aacopOnuu
xapaktepHa s obpasma KJI-21(A) m cocraBuma
0,00094 mmonb/mMuH win 0,300 Mr/MuH B TIepBbie 15
MUHYT 3KCIIO3UIIHH.

OCHOBBIBasICh Ha JAHHBIX JIUTEPATypHBIX HCTOY-
HUKOB U pe3yJbTaTax dKCIePUMEHTa, CIeTIaH BBIBOJ O
BO3MOXHOCTH IIPUMEHEHHUS IIOJyYEHHOIO IIPOAYKTa
UL aJcCOPOLIMU KPYMHBIX OPraHWYeCKUX MOJEKYJ,
TaKWX KaK METHJICHOBEIH roiry0oii, TO €CTh UCTIOIB30-
BaHUs1, CO3JJaHHBIX a[lCOpG]_[I/IOHHO'aKTI/IBHBIX Marcpu-
aJIoB JIJISI OUKMCTKU TE€XHOJIOTHYECKOM, CTOYHOM M ITH-

ThEBOM BOJBI OT OPraHUYCCKUX BCIICCTB.

DUHAHCUPOBAHHE
Paborta BbIlTOTHEHA B COOTBETCTBHU ¢ KOOPJMHAIMOHHBIM TUIAHOM HAyYHOTO COBeTa 1Mo (hu3nveckoit xumun Poc-
CHICKOH akanemMun Hayk “‘PazpaboTka KOJUIOMIHO-XUMHUYECKHX OCHOB TEXHOJIOTHHU aJCOpOEHTa, MOIYyIEHHOIO Me-
TOJIOM TIHPOJIH3a PACTEHUEBOTYECKUX U KOMMYHAIILHO-OBITOBBIX 0TX0710B” [lndp Temsr 15.2.Y
C ucmosb30BaHHEM COBPEMEHHOTO Hay4YHOTo o0opyaoBaHus LIeHTpa KOUIEKTUBHOTO TMONb30BaHuA “TeXHOIOTHH
u marepuansl” HUY benl'y

CIMcoK HCTOYHHKOB

1. Muradov 1., Toshmamatov B.M., Kurbanova N.M., Baratova S.R., Temirova L. Development of A Scheme
For The Thermal Processing of Solid Household // International Journal of Advanced Research in Science, Engi-
neering and Technology. 2019. Vol. 6. P. 10784 — 10787.

2. Tomuna E.B., Xomocora H.A., Teen H.A., Manykosckas B.E., Xait H.X. Ocobennoctr copOmmu METHIIEHO-
BOr0 roiy0oro OMOyriIsiMA Ha OCHOBE KapOOHHM3aTOB COCHBI M Oepesbl / COpOLMOHHBIE U XpoMaTorpaguyeckue
nporiecchl. 2024, Ne 1. C. 44 — 55,

3. Assoc. Ph.D., Nistratov A.V., Prof. Dr., Klushin V.N. Preparation and properties of carbon adsorbents based
on plant raw materials and polymeric wast // International scientific journal "machines. technologies. materials.
2019. P. 166 — 170.

4. Oasmaa A., Lehto J., Solantausta Y., Kallio S. Historical review on VTT fast pyrolysis Bio-oil production
and upgrading // Journal of Siberian Federal University. Chemistry 2021 P. 489 — 501.

5. Xie Q., Peng P., Liu S., Min M., Cheng Y., Wan Y., Li Y., Lin X,, Liu Y., Chen P., Ruan R. Fast microwave-
assisted catalytic pyrolysis of sewage sludge for bio-oil production // Bioresource Technology 2014. Vol. 172. P.
162 — 168.

7



Chemical Bulletin 2025, Tom 8, Ne3 /2025, Vol. 8, Iss. 3
ISSN 2619-0575 https://cb-journal.ru/

6. Myxun B.M. AKTHBHBIE yIJIM U3 YIJEpOAOCOJEPKAUIMX OTX0JA0B // DU3NKO-XUMUYECKHE MPOOJIEMBbI af-
copOuum, CTPYKTYPbl 1 XUMHUH IOBEPXHOCTH HAHOMOPHUCTHIX MaTepuaoB: COOpPHUK TPYIOB BCEPOCCHHCKOTO CUM-
MO3MyMa C MEXAYHApOAHBIM ydacTHeM, MOCBsIIeHHb 150-nmetnto poccuiickoro ¢msukoxmmuka H.A. Illumosa,
Mocksa, 16-20 oxTs6ps 2023 roma. Mocksa: MHCTUTYT dm3ndeckoit XuMun 1 dnekTpoxumun uM. A.H. @pymiuHa
PAH, 2023. C. 29 - 31.

7. Hryer JI.T. AncopOeHThI U3 OTXOM0B CaxapHOTO MPOM3BOACTBA // IHHOBAIMOHHBIE MaTepHAIIBI U TEXHOJIO-
run — 2020: mMaTepuaibl MexIyHapoJHON HAayYHO-TEXHUYECKOH KOH(EepeHIur MOJIOABIX YIeHbIX, MuHck, 09-10
suBaps 2020 roxa / benopycckuii rocy1apcTBEeHHBIN TEXHOJIOTHYECKUH YHUBepcuTeT. MuHCK: benopycckuit rocy-
JApCTBEHHBIN TeXHOJIIOTHUECKUH yHuBepeuTeT, 2020. C. 461 — 463.

8. Epemun U.C. Pa3pabotka copOupyromero Marepraia Ha OCHOBE CaXapHOTO TPOCTHUKA // DKOIOTHS U TIPO-
MbIIUIEHHOCTh Poccuu. 2017. T. 21. Ne 10. C. 14 - 17.

9. Zhang L., Sosa A.C., Walters K.B. Impacts of thermal processing on the physical and chemical properties of
pyrolysis oil produced by a modified fluid catalytic cracking pyrolysis process // Energy and Fuels 2016. Vol. 30.
P. 7367 — 7378.

10. Mortensena P.M., Grunwaldt J.D., Jensena P.A., Knudsenc K.G., Jensen A.D. A review of catalytic upgrad-
ing of bio-oil to engine fuels // Applied Catalysis A: General 2011. Vol. 407. P. 1 - 19.

11. Epemuna A.O., 'onoBuna B.B., Yecnokos H.B., Ky3nenioB b.H. Yrieponusie ancopOeHThI U3 THIPOIH3HO-
ro JIMTHUHA ]Il OYMCTKH CTOYHBIX BOJ OT opranuueckux npumeceit // Journal of Siberian Federal University. C.
100 - 107.

12. Maxkapesuu E.A., [Tanuna A.B., Uepkacosoii E.B., Urnatosoii A.}O. IlpumeHenne TBEPAOro yriepoaHoro
ocTaTKa MMUPOJIK3a aBTOIIMH B KayecTBE aJicOpOCHTa Uil OYUCTKH BOJ OT Oprannieckux Bemects // BectHuk Ky3s-
0acckoro rocyapcTBEeHHOTO TeXHUYecKoro yauBepcutera. 2019. Ne 2 (132). C. 96 — 100.

13. Tomuna E.B., XomocoBa H.A., Teen H.A., Manykosckas B.E., Xait H.X. OcobeHHOCTH copOmin MeTHIIe-
HOBOT'O TOJTy0OT0 OHOYTIISIMU Ha OCHOBE KapOOHHM3aTOB COCHBI U Oepe3bl // CopOIMOHHBIE U XpOMAaTOTpauIecKre
nporieccel. 2024, T. 24. Ne 1. C. 44 — 55.

14. KoweneBa A.B., CrosnoBa A./l., Myxun B.M. U3BnedyeHne HEOPraHMYECKUX 3arpsi3HUTENECH U3 BOIHBIX
pactBopoB Ha MoaupunupoBanHoM yrie MeKC // Ycnexu B xumun u xumudeckoi TexHomoruu. 2023. T. 37. Ne
14. C. 26 — 28.

15. ApoGsimieB B.M., Jlsmienko C.E., Cobonesa U.B. NM3yyenne 3aBUCUMOCTH CBOHCTB YTJIEPOIHBIX BOJOKHU-
CTBIX a7ICOPOSHTOB OT YCJIOBUH WX TMONydeHUs // YCIexu B XUMUHU U XuMHdeckoit texnomoruu. 2013. T. 27. Ne 1.
C. 102 —-109.

16. Vezentsev A.l., Sevastyanov V.S., Yapryntsev M.N., Razdobarin A.E. Study of the material composition of
carbon black obtained as a result of MSW thermolysis // Innovations in life sciences. Digital Technologies in Con-
struction Engineering. Selected Papers. Cep. "Lecture Notes in Civil Engineering". 2022.C. 375 — 376.

References

1. Muradov |., Toshmamatov B.M., Kurbanova N.M., Baratova S.R., Temirova L. Development of a Scheme
for the Thermal Processing of Solid Household. International Journal of Advanced Research in Science, Engineer-
ing and Technology. 2019. Vol. 6. P. 10784 — 10787.

2. Tomina E.V., Khodosova N.A., Tien N.A., Manukovskaya V.E., Hai N.Kh. Features of Methylene Blue
Sorption by Biochars Based on Pine and Birch Carbonates. Sorption and Chromatographic Processes. 2024. No. 1.
P. 44 — 55,

3. Assoc. Ph.D., Nistratov A.V., Prof. Dr., Klushin V.N. Preparation and properties of carbon adsorbents based
on plant raw materials and polymeric waste. International scientific journal "machines. technologies. materials.
2019. P. 166 — 170.

4. Oasmaa A., Lehto J., Solantausta Y., Kallio S. Historical review on VTT fast pyrolysis Bio-oil production
and upgrading. Journal of Siberian Federal University. Chemistry 2021 P. 489 — 501.

5. Xie Q., Peng P., Liu S., Min M., Cheng Y., Wan Y, Li Y., Lin X,, Liu Y., Chen P., Ruan R. Fast microwave-
assisted catalytic pyrolysis of sewage sludge for bio-oil production. Bioresource Technology 2014. Vol. 172. P. 162
—168.



Chemical Bulletin 2025, Tom 8, Ne3 /2025, Vol. 8, Iss. 3
ISSN 2619-0575 https://cb-journal.ru/

6. Mukhin V.M. Activated carbons from carbon-containing waste. Physicochemical problems of adsorption,
structure and surface chemistry of nanoporous materials: Collection of papers of the All-Russian symposium with
international participation dedicated to the 150th anniversary of the Russian physical chemist N.A. Shilov, Mos-
cow, October 16-20, 2023. Moscow: A.N. Frumkin Institute of Physical Chemistry and Electrochemistry, Russian
Academy of Sciences, 2023. P. 29 — 31.

7. Nguyen D.T. Adsorbents from sugar production waste. Innovative materials and technologies — 2020: pro-
ceedings of the International scientific and technical conference of young scientists, Minsk, January 9-10, 2020.
Belarusian State Technological University. Minsk: Belarusian State Technological University, 2020. P. 461 — 463.

8. Eremin 1.S. Development of a sorbing material on based on sugarcane. Ecology and Industry of Russia. 2017.
Vol. 21. No. 10. P. 14 - 17.

9. Zhang L., Sosa A.C., Walters K.B. Impacts of thermal processing on the physical and chemical properties of
pyrolysis oil produced by a modified fluid catalytic cracking pyrolysis process. Energy and Fuels 2016. Vol. 30. P.
7367 — 7378.

10. Mortensena P.M., Grunwaldt J.D., Jensena P.A., Knudsenc K.G., Jensen A.D. A review of catalytic upgrad-
ing of bio-oil to engine fuels. Applied Catalysis A: General 2011. Vol. 407. P. 1 — 19.

11. Eremina A.O., Golovina V.V., Chesnokov N.V., Kuznetsov B.N. Carbon adsorbents from hydrolytic lignin
for wastewater treatment from organic impurities. Journal of Siberian Federal University. P. 100 — 107.

12. Makarevich E.A., Papina A.V., Cherkassovoy E.V., Ignatova A.Yu. Use of solid carbon residue from tire
pyrolysis as an adsorbent for water treatment from organic substances. Bulletin of Kuzbass State Technical Univer-
sity. 2019. No. 2 (132). P. 96 — 100.

13. Tomina E.V., Khodosova N.A., Tien N.A., Manukovskaya V.E., Hai N.Kh. Features of methylene blue
sorption by biochars based on pine and birch carbonates. Sorption and Chromatographic processes. 2024. Vol. 24.
No. 1. P. 44 — 55.

14. Kosheleva A.V., Stoyanova A.D., Mukhin V.M. Extraction of inorganic pollutants from aqueous solutions
on modified MeCS carbon. Advances in Chemistry and Chemical Technology. 2023. VVol. 37. No. 14. P. 26 — 28.

15. Drobyshev V.M., Lyashenko S.E., Soboleva I.V. Study of the dependence of the properties of carbon fi-
brous adsorbents on the conditions of their preparation. Advances in Chemistry and Chemical Technology. 2013.
Vol. 27. No. 1. P. 102 - 1009.

16. Vezentsev A.l., Sevastyanov V.S., Yapryntsev M.N., Razdobarin A.E. Study of the material composition of
carbon black obtained as a result of MSW thermolysis. Innovations in life sciences. Digital Technologies in Con-
struction Engineering. Selected Papers. Series: "Lecture Notes in Civil Engineering". 2022. P. 375 — 376.

Hnghopmayua 06 aemopax

BesennieB A.I., 1oKTOp TEXHHYECKHUX HAYK, Ipodeccop, benropoackuii rocyapcTBeHHBIN HAIIMOHATIBHBIN HCCIIe-
JIOBATEJIbCKUI YHUBEPCUTET, vesentsev@bsu.edu.ru

Paznob6apun A.E., acnupant, benropoackuii rocyiapcTBEHHBIM HAIIMOHAIBHBIN UCCIIC0BATEIbCKUI YHUBEPCUTET,
1046335@bsuedu.ru

Tpydanos I.A., Hayusslii corpyanuk, OO0 «HccnenoBatens KMA», trufanovda@gmail.com

© Besennes A.U., Paznobapun A.E., Tpydanos J[.A., 2025



Chemical Bulletin 2025, Tom 8, Ne3 /2025, Vol. 8, Iss. 3
ISSN 2619-0575 https://cb-journal.ru/

Information about the authors

Vezentsev A.l., Doctor of Engineering Sciences, Professor, Belgorod State National Research University,
vesentsev@bsu.edu.ru

Razdobarin A.E., Postgraduate Student, Belgorod State National Research University, 1046335@bsuedu.ru
Trufanov D.A., Researcher, Researcher KMA LLC, trufanovda@gmail.com

© Vezentsev A.L,, Razdobarin A.E., Trufanov D.A., 2025

10



