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BOAOKHI/ICTE/II‘;I AKTUBOBAHUMH
BYTAELIEBUM MATEPIAA
BATATOILIIABOBOTO ITPU3HAYEHHS

Ilpedcmasneno HOBUL 6OIOKHUCMUL AKMUBOBAHULL By2lleyesuti mamepiai, AKuil
Xapaxkmepuzyemuvcs BUCOKOK COPOYIUHO EMHICMIO NO OeH3eHy ma 06a2amoyiibosum
npuzHaueHHsaM. 30Kkpema, il Modice 6ymu GUKOPUCHAHUL NIO YAC OYULEHHSL PIOKUX | 2430~
noOdibHUX cepedosuly 8i0 HeDANCAHUX OOMIUUOK, OJisl BUKOPUCIANHS 8 eNeKIMPOMeEeXHIUHill
NPOMUCTIOBOCTHI, A MAKONIC OJI8 MEOUYUHUX Yinel.

Knwuoei crosea: BOJOKHO, BYTJIClb, aKTHBAIIisI, COPOIIisl.

Kyopauenuko B., Konocoe A., Mazyp JI. Bonoknucmulii aKmueupoeanHlil
Y2elepoonblil Mamepuai MHO20UeNe6020 HazHauenus. [Ipedcmaesien HOBbIL B0IOKHUCMbILL
AKMUBUPOBAHHDIL Y2TIepOOHDILL MAMEPUAT, KOMOPBIU XAPAKMePU3yemcsi 8bICOKOU COpOYUOH-
HOU eMKOCIbIO N0 OEH301Y U MHO20YeNe8bIM HA3HAUeHueM. B yacmnocmu, on mooicem 6vimo
UCNONb3068AH NPU OYUCTKE HCUOKUX U 2A3000PA3HBIX CPEO OM HeXHCENAMENbHbIX npumecell,
8 27IeKMPOMEXHU4ECKOU NPOMbBIUAECHHOCMU U O MEOUYUHCKUX Yeell.

Knwuesvle crnosa: BOHOKHO,yrHepOH,aKTHBaHHH,COp6HHH.

IlocTanoBka npod6Jemu. Byrienesi copOeHTH, 30KkpeMa BOJIOKHUCTI
aKTUBOBaHI ByTJeneBi matepianu (BAYM), maroTh Benuke 3HAYEHHS SIK
3an00KHHUKHY 3a0py THCHHS HABKOJIUIITHLOTO cepeoBuia. He MeHII Baxm-
BHM € IXHE 3aCTOCYBAaHHSI JJIS MiIBUIIICHHS PIBHSA OXOPOHH 37I0POB’ S, YIOCKO-
HAJICHHS] €HEePreTUYHOI rayy3i, BITHOBJICHHS 1 TOBTOPHOTO BUKOPUCTAHHS
CTIYHUX BOJ Ta OOPOTHOU 3 HASBHUMH 3a0pyTHCHHSIMHU.

Byrnenesi copOeHTH XapaKTepU3YIOThCS BHUCOKHM BIIHOIICHHSIM
MOBEpPXHI 10 Macu (MUTOMOIO TOBEpPXHEI0). BHacnigok I1b0ro BOHHM 3a
e()EeKTUBHICTIO 3HAYHO MEPEBUIIYIOTh TPAIUIIiHE aKTUBOBAaHE BYTLILJIS.

Came TOMy akTyanbHUM € po3pobieHHs iHHOBauiiHuX BAYM, mo
BUKOPUCTOBYIOTHCSI TICPEBAKHO SIK COPOCHTH JUISl BUAAJICHHS HeOaKaHHMX
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JOMIIIIOK 3 PIAKOTO 1/ab0 Ta30BOr0 CEPeJOBHINA, SIKI MOXYTh 3HAWTH
nuBepcu(iKOBaHE 3aCTOCYBaHHS JJI OYMINEHHS MUTHOI W CTIYHUX BOJ,
ra3oBUX BUKHU[IB y XIMIYHIA, MEIUYHIHN, €NEKTPOTEXHIUHIHM, BIHCHKOBI,
TIAPOMETANYPriiHIA U IHIINX Tally3gX IPOMHUCIOBOCTI.

AHaNi3 ocTaHHIX gochaimxkeHb i myOuaikamii. Po3poOkoro BAYM
y4€HIi 3aiiMarOThCsl BXKE JaBHO 1 AOCATIIH y Wil cdepi neBHUX ycmixis. Jis
CHUHTE3Y BYTJICLIEBUX COPOCHTIB BUKOPUCTOBYIOTH LM CIEKTP MPUPOTHUX
KOMITOHEHTIB, SK-OT: HadToOBa CMoOJjia, JEPEeBHHA, TOPIXOBa IIKapayIa,
Top(, 3epHa KyKypY/I34, JHUCTS, TPaHyIbOBaHA KaBa, COJIOMa TOIIIO.

JlocmiKeHHsT YKpaiHChKUX YYEHHUX Y Ii raiy3i HaBEJACHO B Mpalsix
rpynu aBTopis: B. ['aymm, b. [Tacanbcskoro, H. YukyH Ta 1H., sIKi IPOMOHY-
I0Th BUCOKOE(EKTHUBHI COPOCHTH 3 MPOAYKTIB MEPEPOOKH CLIbCHKOTOCIIO-
Iapcbkoi cUpoBUHU, (PochHOpoBMICHI BYTJeleBi COPOCHTH ISl OUMILEHHS
BOJiu To1I1O [1-6].

Yuenumu Y. Zhai, Y. Dou, D. Zhao Ta iH. [7] BUBYEHO oJiepKaHUN
BHACITII0K KapOoHizallii nmpupoaHoi cupoBruHd BAYM, sikuii Mae HeOCTaTHBO
BUCOKHUI 00’€M MOp 1 HU3bKY MUTOMY NoBepxHIO. /[t ctBopenns BAYM
3 IMBEPCH(PIKOBAHOIO MEPEKEI0 MIKPOIIOP 13 A1aMETPOM MEHIII HiXK 2 HM HOTo
MOBEPXHIO JIOJATKOBO aKTHBYIOTh. 30KpEMa, i€ MOJsrae y mpoxaproBaHH1
MaTepiairly B arMocdepi BOASHOI mapu abo BYTJIIEKUCIOrO ra3y 3a BUCOKOT
temnepatypu 600—1000 °C. IIpote mst peanizanii HIbOro METOAY HEOOXiTHE
creriaigbHe TEXHOJIOT1YHE 00JIaHAHHS.

[Tin yac aktuBamii BAYM y mipy 3pocTaHHs TOPUCTOCTI 301IbIIIY-
€THCS CTYIIHB HOT0 0OropaHHs. 3a BECh MPOIIEC aKTUBAIII1 MaTepian BTpavae
40-70 % cBoei macu. BAYM, oneprkanuii 13 O1TyMHOT CMOJIM Ta aKTUBOBAHUIMA
3a BUCOKHX TEMIIEPATYP MapOk0 BOM, Ma€ MUTOMY MoBepxHio 880 m>17! [8].

Takoxx mpoBeZeHO aHaJi3 MaTeHTIB, 3asIBJICHUX MepeBaXHO B SNoHi],
Himeuunni ta Pocii, 070 BOJOKHUCTHX BYTJIEEBUX MaTepiajiB, IXHIX
HEJI0JIIKIB, TIepeBar, OCOOJMBOCTEN TEXHOJOTIi TOIIo, W OIMyOJIKOBaHHUX
y 1983-1991 pp.

TexHIYHUME HEIOJIIKaMU BiJIOMUX 3TrajlaHX BUIIE aKTUBOBAHUX BYTJIC-
LIEBUX MaTepiaiiB € iXHI MOPIBHSIHO HEBHUCOKA COpOILiiiHa €MHICTh (TOOTO
rpaHUYHA MOXJIMBA KUTBKICTh COPOYEMUX JOMIIIIOK) 1 HEIOCTATHS TIMOMHA
OuuIIeHHS (TOOTO MOBHOTA BUJANICHHS HEOAKaHUX JOMIIIOK), 1[0 OOMEXKY-
I0Th MOXKJIUBICTh OTPUMAaHHs Ha iXHIM OCHOBI BHCOKOOYHILIEHUX PEYOBHH
Ta MaTepiaiB.

Pe3ynpTaTi aHAMITHYHUX JOCHIHKEHb SBIISUTH CO00K0 0a3y I po3-
poOieHHs yaockoHaneHoro BAYM, 1o He Mae BKa3aHUX HEIOIKIB.

Mema pobomu — po3pobka TexHozorii onepxanust BAYM 13 Buco-
KOO COPOIIIITHOI €MHICTIO TI0O OCH3EHY 3a TEXHIYHO JOMYCTUMOIO CTYTECHS
o0rapy akTHBOBAaHHX TOJIMEPHUX BOJOKOH.

Marepiaau Tta meronu. BAYM Burorosieno Ha 6a3i moyioTHa
BYIJIELIEBOTO JIMCTOBOrO0 HeTKaHoro mapku YHII 3a TY 14-147-40-91. Sk
n00aBKy HJisi TMPOCOYEHHSI BYTJICIIEBUX BOJIOKOH BUKOPUCTAHO PO3YMHH,
nepeBaxHo opranivuHi (cymimi NaOH i rigpa3zuny, KpeMHifopraHiusi).
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[Ipocouene BOIOKHO micysi akTUBYBaHHs 3a Temmnepatypu 750—1000 °C
OXOJIOJKYBaJIM Ha MOBITp1. [Iporec B kamepi akTUBYBaHHS PETYIIIOIOTH TaK,
mo6 BTpaTa MacH MOYAaTKOBOTO BOJIOKHA (CTYyHiHb OOrapy) 3HaxXoauiiacs
B Mexxax 50-70 %. BcranoBieno, 1o mpu MepeBUINEHHI IOTO 3HAYECHHS
MEXaHIYHa MIIHICTh AKTUBOBAHOTO Marepiay pi3Ko TMaja€ i BiH CTae He-
MPHUIATHUAM JJIS OAAIIBIIOT IEPEPOOKH.

Buxignoro cupoBunoro aiss AYBM MenuuHoro npusHaueHHs MapKu
"ITaenp"-MH (porotun BAYM), 1110 BUTTyCKa€ThCSI TPOMHUCTIOBICTIO, Oy1a
TkannHa TexHiuHa YYT-2 3a TY 6-06-178-85 abo TkaHWHA TeXHIYHA
"HNECHA" 3a TY 6-12-4691259-38-90.

OpneprkaHe ByTJICIIEBE AaKTUBOBAHE BOJIOKHO JTOCTIIKEHO Ha COpPOIiiHY
akTuBHICTh TI0 OenzeHy [9]. [lopucrticTh MaTepiamy BU3HAYEHO €JIEKTPOH-
HOIO MIKPOCKOITI€I0, MaJIOKYTOBUM PEHTTEHIBCHKUM PO3CISIHHSM, 3aralbHAN
00’eM TOp — 130MIECTUYHUM METOAOM (i30T€PMIYHOI TEPETrOHKHU) IO BO/II,
eTUIOBOMY CIHPTY 1 OeH3eHy [9]. OKuCHIOBaHICTh MaTepiay BCTAHOBJIEHO 32
KUJTBKICTIO BiTHOBJICHOTO KaJIif0 TIEpMaHraHary B HelTparsHOMY po3uuHi [10].
[ToBepXHEBY WIUIBHICTH MOJIMEPHMX BOJOKOH (I/cM?) Ta iXHIO NUTOMY
nosepxuio (M*r) —3a TOCT P 58062-2018 [11].

Hocnimxenass po3podienoro BAYM mpoBeneHo y BHpoOOHUUIM
naboparopii [epkaBHoro mignmpueMcTBa "3aBoj MOPOIIKOBOI MeTamyprii”
(M. BpoBapu KwuiBchkoi 00iacTi), 3a 10 aBTOPH BHUCIOBIIOIOTH BISYHICTH
KEPIBHUIITBY MiANPUEMCTBA.

Pe3yabraTu nociaimkenns. O6poOKy CTBOPEHOTO MaTepiary POBEICHO
0e3 100aBKM a30TOBMICHHX U 1HIIMX PO3YMHIB, 110 3/CHIEBIIIOE TEXHOIOTIIO
Ta MIJABUIILY€ HOTO SIKICTb.

[{i 0co6MMBOCTI B CyKYyIHOCTI 3 BUKOPUCTOBYBAaHUMH pEXKUMAMU Ta
pO3po0JIEHUM TPHUCTPOEM IS AKTHBAIIMHOI OOpPOOKH YMOIKIUBIIOIOTH
HaOyTTs HEOOX1ITHUX 3HAUYEHb COPOIIITHOT aKTUBHOCTI 10 OE€H3€EHY, 110 TIepe-
BEPIIYIOTh aHAJIOTT4YHI 3HAYEHHS BIIOMUX COPOIIHHO-aKTUBHUX BYTJICLIEBUX
MaTepialliB 3a TEXHIYHO JOMYCTUMOTO CTYNeHs 00rapy akTUBOBaHHUX MOJIi-
MEPHHUX BOJIOKOH.

J1ist miaATBEpPKEHHS MOKIIMBOCTI IPOMHUCIIOBOTO BUKOPUCTAHHSI PO3-
poOJIeHOr0 MaTepially MPOBEACHO MOPIBHSAHHS BIACTUBOCTEH BiIOMUX COpO-
IAHUX BOJIOKHUCTUX BYTJIEHEBUX MaTepialliB 1 MaTepially M0 BUHAXOY,
0JIep>KaHOr0 3a PI3HUX BapiaHTIB HOTo peanizaiii (madauys).

Cepen BiloMuX akTMBOBaHUX ByTJielieBux Matepiaiis AYBM"[nenp"-MH
MIEPEBUIIYE 32 BIAMOBITHUMU MOKa3HUKaMK TKaHuHy Y Y T-2. 31 cBoro 60Ky,
po3pobnenuii BAYM mnepeBakae Bimomi marepianu B 2.0-2.2 paza 3a
copOLiliHOoK eMHicTI0 mo Oenseny ta Ha 200-700 M*r 3a 3HaYEHHAMHU
MUTOMOI TTOBEPXHI.

ITix gac mocimipKeHHS BUSBIICHO, 10 HAWBHUIIINA TeMIIEpaTypi 00poOKH
1000°C mpu npurotyBanHi po3podbirenoro BAYM BinnoBigaoTe HalOLIbIII
3Ha4yeHHs copOuiiinoi emuocti (2.4 c¢M’/r), muromoi mosepxui (3000 M?/r),
a CTYIiHb 00rapy akTMBOBaHHMX MOJIIMEPHUX BOJIOKOH JOPIBHIOE 55 %o.

Jlo Toro » moBepXHEeBa MIUTLHICTh MOJIMEPHUX BOJIOKOH PO3POOJIEHOTO
BAVYM ¢ naithmx4ow Ta B 1.8—4.2 paza MEHIIIOI MOMIX MPEICTAaBICHUX
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AaKTUBOBAHMX BYIJEleBUX MaTepiainiB. BogHouac 11 po3pobienoro BAYM
171 HaMEHIIOl MOBEPXHEBOI MILUILHOCTI momiMepHux BOJoKOH (50 r/cm?)
IPUTAMAHHE MAKCHMAIbHE 3HAY€HHs TUTOMOI oBepxHi (3000 m2/r).

BiacTHBOCTI BOJIOKHHCTHX aKTHBOBAHHUX BYIJIelleBUX MaTepiajiB

(o] om
: 50 | ££3 . | x23|FEEs
s 2 e s 2R g g £33 -|CEE
5 BosnokaucTuit s 5 2 E | 22=| 5 = 2|2 g sz
& | Byryeuesuii Matepian 2% TS| 52| 2E8|E&8z28
s S 8 - =N = 5 | EEE 5
o o Q o8 E = SO NN =Y 2 22
T = © 25 2 RolS® =
= g E
T - 750 300 2300 09 50
o | AVBM Mlwenp™MH g, 250 2000 11 60
3  BAYM ™ maGasi 750 180 2500 12 50
4 = nonorna Byrmenesoro 1000 50 3000 @ 2.4 55
5 . JIMCTOBOTO HETKAHOTO 900 70 2600 2.1 60
6 Mapku YHII .. 850 85 2500 2.0 70
7 - 750 210 1500 0.6 30
8 . 900 . 230 . 1800 - 09 35
g  Twammia¥yT-2 800 330 1600 075 32
10 850 290 1700 . 0.80 33

* AYBM — akTHBOBaHHUH BOJOKHUCTHI ByTJIeeBUii MaTepian [12];

“BAYM — po3po0IIeHHI BONOKHUCTHH aKTUBOBAHMI BYTJIEIEBHI MaTepial.

3a3HaueHl CTPYKTYpPHO-TEXHOJIOTIYHI MapaMeTpu Ta IXHIH B3a€MO-

3B’S30K JIAlOTh MIJCTaBU [UJIS MOJAJBIIOTO YIOCKOHAJICHHS TEXHOJOTIi
oaepxxanHa BAYM.

BucHoBku. Po3po0i1eHO HOBUIT BOJIOKHUCTHI aKTUBOBAHHM ByTJelle-

BUI MaTepiall i3 BUCOKOIO COpOILIHOI0 €MHICTIO MO OEH3EHY 3a TEXHIYHO
JIOITyCTUMOT'O CTYIIEHs] 00rapy akTMBOBAHUX MOJIMEPHUX BOJIOKOH. Marepian
MOke OyTHM BUKOPUCTaHHUH MiJ 4ac OYMIIEHHS PIAKUX 1 Ta30MOIOHHUX ce-
pEeIOBUII BiJl HEOAXKAHUX JOMIIIOK, JI1 BAKOPUCTAHHS B €JIEKTPOTEXHIUHIN
MIPOMUCIIOBOCTI, & TAKOX ISl MEJUYHUX IIUICH.
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Kudriachenko V., Kolosov O., Mazur L. Fiber activated carbon multipurpose material.

Background. Carbon sorbents, in particular fibrous activated carbon materials (FACM),
play an important role for the prevention of environmental pollution. Their use is equally
important to enhance health care, improve the energy sector, recover and reuse wastewater
and combat existing pollution. Carbon sorbents are characterized by a high surface to mass
ratio (specific surface area). Due to this, they are much higher than traditional activated
carbon by efficiency.

The aim of the work is to develop a technology for obtaining FACM with high
sorption capacity for benzene at technically permissible degree of combustion of activated
polymer fibers.

Materials and methods. The obtained carbon activated fiber was investigated
for sorption activity on benzene, its porosity was determined by electron microscopy, low-
angle X-ray scattering, total pore volume by isopyestric method (isothermal distillation) in
water, ethyl alcohol and benzene. The oxidation of the material is determined by the amount
of potassium permanganate recovered in the neutral solution. The surface density of
polymer fibers (g/cm?) and their specific surface area (m?/g) was determined according
to GOST R 58062-2018.

Results. To prove the possibility of industrial use of the developed material,
a comparison of the properties of known sorption fibrous carbon materials and the material
according to the invention obtained in various variants of its implementation.

The developed FACM exceeds the known materials by 2.0-2.2 times the sorption
capacity for benzene and by 200—-700 m?*/g by the values of the specific surface. The study
revealed that the highest treatment temperature of 1000 °C in the preparation of developed
FACM complies with the highest values of sorption capacity (2.4 cm®/g) and specific
surface area (3000 m?/g), and the degree of burning of activated polymer fibers is 55 %.
At the same time, the surface density of the polymer fibers of the developed FACM is
the lowest and 1.8—4.2 times lower among the presented activated carbon materials. At the
same time, for the developed FACM for the lowest surface density of polymer fibers
(50 g/cm?), the maximum specific surface area (3000 m?/g) is inherent.
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Conclusion. A new fibrous activated carbon material with high sorption capacity for

benzene at technically permissible degree of combustion of activated polymer fibers has been
developed. The material can be used in the purification of liquid and gaseous media from
unwanted impurities, for use in the electrical industry, as well as for medical purposes.

10.

11.

12.

Keywords: fiber, carbon, activation, sorption
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