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AHHoTanusa. AKmyabHOCM®b KccieloBaHUsA 00yC/I0BJIeHa He06X0AUMOCTbIO YBeJTMYEHHs UCI0/Ib30BaHU BO30GHOBJISIEMbBIX
HCTOYHHKOB 3HEPTUH B IKOHOMHMKE [IJIs CHIPKEHMsI BPeJIHOTO BO3/IeMCTBUA Ha OKpy»Katollyto cpesy. IJesb: onleHKa BO3MOXKHO-
CTH NOJIy4YeHUs] TEpPMOXUMHYECKUM METO/I0M BBICOKOKA4eCTBEHHBIX YTJIEPOJUCTbIX a/ICOPOEHTOB U3 IPAHYJIMPOBAaHHOM CMeCH
Pa3JIMYHBIX OTXO/I0B PAaCTUTEJBHOr0 MPOUCXOXJeHHUA. 06seKkmbl: 06pa3lbl HEJHKBUAHOM KyCKOBOW JpeBeCHHbl Gepesbl,
CKOPJIYIIBI TPENKOTO OPeXa, JIy3Td CEMSIH MO/ICOTHEUHHUKA, KOCTPHI JIbHA, KAMEHHBIN yToJib-aHTpanuT. Memodsi: usnyeckue
3KCIEPUMEHTBI: KOHJYKTHBHOTO MMPOJIM3a, BOAONAPOBOM aKTHUBALUU U AuddepeHIHalIbHO-TEPMUYECKOTO aHaIM3a. 30/1b-
HOCTb ¥ BJIQXKHOCTb 06pa3ioB onpezeseHbl coryacHo 'OCT P 56881-2016 u 'OCT 33503-2015. U3MepeHue usotepM afcop6-
LM 110 a30Ty NPOBOoAW/IM Ha aHanu3aTope N OVA-1200e. PaBHOBecHast akTUBHOCTB 110 TOJIyOJ1y onpeeJsieHa corjacHo 'OCT
8703-74, ancopbuoHHAs aKTUBHOCTBb 1o Hoay - corsacHo ['OCT 6217-74. OnpenesieHre MJIOTHOCTH IPAHYJ OCYLECTBJISA-
sock o 'OCT 15139-69. Pe3yibmambl. YCTaHOBJIEHBI pallMOHAJIbHbIE TApaMeTPhl NOJYyYeHNs YIIepOAUCThIX aicop6eH-
TOB W3 I'PAHYJ1 PACTUTEJIBHOI'O CbIPbA. Onpeaeneﬂ yﬂe.}lebIﬁ BBIXOZ MMPOAYKTOB IMMHUPOJIM3a CMECH PACTHUTEJILHOTO ChIPbA C
NUPOJU3HON CMOJION. Y 1e/IbHbIN BBIXOJ NIPOJYKTOB Kap6OHU3aLUM IPaHy IMPOBAHHOMN YIJIOTHEHHOM Macchl oKasaJj pocT B
25 % B cpaBHEHHHU C HEYIJIOTHEHHOM CMeChbl0 PaCTUTE/bHOTO ChIpbsl. [Ioka3aHo, 4To Haubo/lee 3HAYMMbIMU NTapaMeTpaMy,
BJIMSIIOIIMMHY Ha Pa3BUTHE MUKPOMOPHUCTON CTPYKTYPHI YIJIEPOAHBIX IPAHyJ U3 YIJIOTHEHHOM MacChl pacCTUTENBHOIO Chl-
pbsl, SIBASIOTCSA MJIOTHOCTb UCXO/HBIX TPAHyJl PACTUTENBHOIO ChIpbSl U CTENeHb BbIFOPAHUSI aKTUBUPYEMbIX KapOOHU3ATOB.
PanpoHa/bHBIMU NTapaMeTpaMHU AJis M0JIydeHHs aKkTUBUPOBAHHOIO YTJIsl ¢ HauboJiee BbICOKHUMHU aiCOPOIIMOHHBIMU CIIOCO6-
HOCTSIMU SIBJISIFOTCSL TPaHyJibl MJIOTHOCTBI0 1200 Kr/M3 npu cTeneHU BbIOpaHUs NPoAyKTa kapboHusanuu 70 %. YcTaHoB-
JIEHO, YTO MOJIy4yeHHble 06pa3lbl aicOP6EHTOB U3 I'PaHyJ/l PaCTUTEJbHOTO ChIpbsi HUMEIOT BbICOKHE a/icOPOIMOHHbIE XapaK-
TEPUCTUKH, CPABHUMBIE C aKTUBUPOBAHHBIMH YTJISIMH, IOJIyY€HHBIMU U3 UCKONIAEMOTO ChIPbS.
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Abstract. Relevance. The need to increase the use of renewable energy sources in the economy to reduce the harmful effects
on the environment. Aim. To assess the possibility of obtaining by the thermochemical method high-quality carbon adsor-
bents from a granular mixture of various wastes of plant origin. Objects. Samples of illiquid lumpy birch wood, walnut shells,
sunflower seed husk, flax fires, anthracite coal. Methods. Physical experiments: conductive pyrolysis, water-steam activation
and differential thermal analysis. The ash content and moisture content of the samples were determined according to SS R
56881-2016 and SS 33503-2015. Nitrogen adsorption isotherms were measured using a NOVA-1200e analyzer. The equilib-
rium activity for toluene was determined according to SS 8703-74, the adsorption activity for iodine was determined accord-
ing to SS 6217-74. The determination of the density of the granules was carried out according to SS 15139-69. Results. The
authors have established rational parameters for obtaining carbon adsorbents from granules of vegetable raw materials. The
specific yield of pyrolysis products of a mixture of vegetable raw materials with pyrolysis resin was determined. The specific
yield of carbonization products of the granular compacted mass showed an increase of 25% in comparison with the non-
compacted mixture of vegetable raw materials. Rational parameters for obtaining activated carbon with the highest adsorp-
tion capacity are granules with a density of 1200 kg/m3 with a degree of burnout of the carbonization product of 70%. It was
established that the obtained samples of adsorbents from granules of plant raw materials have high adsorption characteris-
tics comparable to activated carbons obtained from fossil raw materials.
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BBeaeHnue

AKTHUBHPOBAaHHBIH yroib — aACOpOEHT yIriIeponau-
CTOTO THIIAa, MMEIOIIUI pa3BUTYI0 MHKPOIIOPHCTYIO
CTPYKTYpy. sl MPOMBINUICHHOTO HPOU3BOJACTBA aK-
TUBHBIX YIJIeH dalle BCEro MCIHONb3YIOT APEBECUHY,
KaMEHHBIA YToJib, OypbIid Yrojb, TOP), CKOPIYIY KO-
KOCOBBIX opexoB, npudeM 10 70 % ceipbeBoil 0a3bl
COCTABJISIFOT MCKOIAEMBbIC YTIM, MPEeHMYIEecTBA KOTO-
PBIX 3aKIIOYAIOTCS B BHICOKOW MOPHCTOCTH W OTHOCH-
TENBFHO HU3KOH cTomMocTh. OmHaKo HoOBIYa UCKOMae-
MOTO YIJISI HAHOCHT BpeJ] SKOJIOTHH, TAKXe HCKOIae-
MO€ TOIUIMBO MMEET OTPaHUYEHHBIH pecypc, KOTOPbI
B CKOpPOM BpeMmeHHu Oyner mcuepmnaH. B kadectse mep-
CIIEKTUBHOHN albTEPHATHBBI HCKOIAEMOMY CBIPbIO IS
MOJIyYEHUs] aKTHBHBIX yTJIeil MOTYT OBITH paccMoTpe-
HBI Pa3IMYHBIE OTXOIBI PACTUTEIHHOTO MPOUCXOXKIE-
uus [1-10].

IlepepaboTka pacTUTENBHBIX OTXOJOB SIBIISETCS
Ba)XHBIM 3TallOM YJIYYIICHHUS XU3HM UYEIIOBEKa, KaK C
9KOJIOTMYECKOH, Tak U C TEXHUYECKOH cTOpoHbI. Llene-
coobpa3HoCTh TMepepaboTku 00yCIOBIeHa Majod WH-
TCHCUBHOCTBIO NepepabOTKK JaHHOTO CBHIPhS M OOJb-
OIMMH  TPEANOCHUTKAMH  TIOJTyYeHHsT KadyeCTBEHHBIX
MaTepHaloB U HOBBIX HCTOYHHUKOB »>Hepruu. Ilepepa-
00TKa BTOPUYHOTO PACTUTEIBHOTO CHIPBSI CIIOCOOCTBY-
€T Ppa3BUTHIO SKOHOMHKH CTpaHBl. JTOMY CII0CO0-
CTBYIOT TaK)X€ SKOJOIMYECKHE MPEANOCBUIKU. 3eMIIs
CEeTOIHS SIBISIETCSI OTPOMHBIM PE3CpPBYapOM IUISI CKOII-
JCHUST OOJIBIIOTO KOJMYECTBA CEIBCKOXO3SHCTBEHHBIX
OTXOZI0B, KOTOpbIE NaryOHO BIUSIOT HAa COCTOSHUE
OKpy>karomeil cpenbl. OJHAKO OHM SBIIIOTCS XOPO-
IOIUM CBHIPEEM IS TIONyYCHUS ICHHBIX MaTepHaloB.
OIHMM M3 TaKMX MaTepHajioB, MOJTyYaeMbIX IPH KOH-

BEPCUN PACTUTCIIBHOTO CbIPbA, ABIACTCA AKTUBUPO-
BaHHBIN yroyb. [[pon3BOACTBO aKTUBHBIX YITIEH MOYKET
BECTUCHh MEJUICHHBIM KOHIYKTUBHBIM IHPOJIM30M C
MOCJIEYIOIeH BOJOMAapOBON akTuBanuen. JlaHHBIN
METOJ] TpeHIojiaraeT HaJIW4Yhe OOJBIIOW CHIPhEBOM
6a3pl. [Ipu opueHTalK HAa OAWH WIX J1BA BUIA PacTH-
TCJIBHOT'O CBIPbSA IMPOU3BOJCTBO MOXKET UMCTh HHU3KYIO
s¢dextuBHOCTL. Mcxonms W3 3Toro, meiecooOpasHeit
OynmeT mepepaboTka cMeceil pa3UYHBIX BHIIOB PacTH-
TCJIBHOT'O CBIPbA. U3BecTHO TAaKXE, 4TO OOJIBITMHCTBO
PacTUTENBHBIX OTXOJOB MMEIOT JIOBOJBHO HU3KYIO
IUIOTHOCTh ¥ NIPU TEPMHUYECKOU nepepaboTKe CTPYKTY-
pa yacTuil TpeAcTaBiseT cOOOW KPYMHOIUCIEPCHYIO
meUTb. [loaToMy mpm mepepaloTKe pacTHUTENbHBIX OT-
XOZOB B aKTUBHPOBAaHHEBIM yrojb LEIECO00pa3HO MO-
Ny4YeHHe TPaHYJIUPOBAHHBIX aJCOPOCHTOB, KOTOpHIE
TaK)K€ HMCIOT MNPEUMYIIECTBa IIPpU PETreHEpAlUU
BCJIEICTBUE OTCYTCTBUS IbuIeBblAENeHUsA. [Ipouecc
IpaHyJUpOBaHUsA 00ecreunBaeT TaKkKe CTaOUJIbHbIE
MPOYHOCTHBIE U TEOMETPUUYCCKHUE XAPAKTCPUCTHUKHU
[11-26].

Lenbto paHHON paboTHl SBIAETCS HCCIEIOBaHHE
a7COPOLMOHHBIX U (PU3UKO-MEXaHHUECKUX XapaKTepH-
CTHK TpaHyJIHPOBAaHHBIX aICOPOCHTOB, OTYIECHHBIX U3
CMECH PacTUTEIBHBIX OTXOJOB METOAOM MEIJIEHHOTO
KOHAYKTUBHOIO IMPOJIU3a ¢ MOCIEAYIOUIEH BOIOMNapo-
BOM aKTHBAIIMEH.

MeTo/ bl U MaTEpPHAIbI

B xauecTBe CHIpBS U TOMydYeHHST 00pa3IoOB aKTHU-
BUPOBAHHOI'O YN HCIOJNB30BATUCE: HEIUKBUIHASL
KyCKOBasl IpeBecHHa Oepe3bl, CKOPITyIa TPELKOTo ope-
Xa, JIy3ra CeMsiH IOJICOTHEYHHKA, KOCTpa JbHA. Taxke
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ObUT MCIIONIB30BAaH KaMEHHBII yrojb B KayecTBE CpaB-
HUTENBLHOTO 00pa3ia. XapaKTepUCTHKU OOpasloB HC-
CJICZIOBAHEI TIOCIIC JAOCTIKECHHS BO3IYIIHO-CYXOTO CO-
CTOSHHS B ITa0OpPATOPHBIX YCIOBHAX. 30JBHOCTH U
BIIQXKHOCTh 00pasioB ompenenensl cornacio [OCT P
56881-2016 u 'OCT 33503-2015.

[ MOATOTOBKU K CEPHH SKCIEPUMEHTOB CHIPhE
ObUIO M3MeTbueHO a0 pa3mepoB 0,1 MM U BbICYIIEHO
JI0 JOCTHXKEHUS BO3IYIIHO-CYXOTO COCTOSIHUS, 3aTeM 4
BHJA CBHIPbS B PABHBIX KOJMYECTBAX CMEIIUBAIICH C
MUPONN3HOI cMonoil B cooTHomenun 10:1. I'otoByto
CMECh IUTaCTU(HUIUPOBATN B SKCTPYyJepe W I'paHyJIHU-
poBaNMHM B IWJIMHJPHI TUAMETPOM 2,8 MM W JJTHMHHOU
4...6 MM. JlaBneHue BapbUpPOBATIOCH B Ipeaenax
20...80 MIla. I11OTHOCTE MOJYYEHHBIX TPaHYI HAaXO-
qutack B penaenax 600...1500 KT/

TepmorpaBuMeTprYeCKUd aHaIH3 OBUT MIPOBEICH C
nomMotuipio aepuBatorpada TepmockaH-2 B HHEPTHOM
cpeme Tenus Uil WCKIIOYCHUS OKHCICHHUS 00pasIioB.
[Ipu 5TOM BBICYIICHHBIC M3MEIBYCHHBIE 00Pa3IBl ChI-
pest Maccoit 0,3+0,03 r momemanu B KepaMHUCCKHUN
Turens BeicoToll 10 MM, nuamerpom 5 mMm. HarpeBanue
npou3Boauiu ¢ 30 1o 650 °C co CKOPOCTBIO TTOABEMA
TEeMIIEPaTypbl 5 Ipaf/MuH. DK30TCPMUUECCKUN TeMIIe-
paTypHBIi Juama3oH o6pas3noB ompenensiii Ha TI-
JICK-anamm3arope ZCT-1.

MenneHHbli KOHIYKTHBHBIM NHUPOIU3 PaCTUTEIb-
HOTO CBHIPBSI MIPOBOJMIIM Ha YCTAaHOBKE, IPEICTABIICH-
HOU Ha puc. 1, mpu Ttemmneparypaom pexume 530 °C
JUIA pacTUTeNbHOro chipbsi U 650 °C ams KaMeHHOTo
YIJIsl cO CKOpOCThEO mporpesBa 5 °C/muH. [Ipouecc nu-

poiu3a AJWICSA A0 3aBEPIICHHS BBIXOJA MHUPOJI3HBIX
ra3oB, KOHTPOJb BBIXOJA MPOUCXOAMI C TOMOIIBIO
3aMepOB JIaHHBIX C MEPHHKA TUCTHIUIATA U COOpPHHKA
ra3oB. YCTaHOBKa COCTOMUT M3 My(eNbHON meun — 2, B
KOTOPYIO IoMelnaeTcst kamepa nupoiusza — 1. Kongen-
caIrys MUPOJIU3HBIX Ta30B MPOUCXOINT B CEmapaTrope —
3. Kunakass Gpakuus cTeKaeT B MEPHHK JUCTHILIATA —
4, a ra3 yepe3 THIPO3aTBOp — 5 oTOUpaeTcs B COOPHUK
raza — 6.

AKTHBanus KapOOHHU3aTOB W3  PACTUTEIBHBIX
MPEIIECTBEHHUKOB MPOTEKAeT MPH TeMIepaType BO-
nsHoTO Napa B quanaszone 800-900 °C [24], akTuBanus
KapOOHHM3aTOB M3 KAMEHHOYTOJIBHBIX TPEANIECTBCHHU-
KOB TpoTekaeT mpu Temneparype 800-1000 °C [25].
Ucxons u3 paHee NpOBEAECHHBIX HCCieqoBaHui [7],
OblTa BBEIOpaHa TemrepaTypa BojasHoro mapa 900 °C.
YTOoNbHBIE TPaHYJIbI MOJBEPran MPOIECCy BOIOMAPO-
BOM akTuBanuu B Teuenue 15—70 mun [7, 13] ¢ uensio
oIpezesieHus CTeNeHu Briropanus Y, %, koropas 1mo-
JydeHa Kak oOpaTHas BEJIMYUHA JUIS yJETbHON MacChl
TBEPAOTO IPOIYKTa KapOOHU3alMK B YCTaHOBKE,
Mpe/ICTaBICHHON Ha pHC. 2.

KapOonuszaTsl momemaim B CPEAHIOK YacTh y3Jia
akTUBau — 1, B KOTOPOM UMeRTCA: neppopupoBan-
Has KpbIKa — 3, TpyOOIIPOBOIBI MOIBO/IA TIEPErpeTo-
ro mapa — 6 ¥ 0TBOJa ra30B aKTHUBAIUU — 5. Y3eIl ak-
THUBAIlMU TIOMENIATN B My(EIbHYIO TIedb — 7, KOTOPYIO
pazorpeBanu ao temmeparypsl 870 °C. Ilogaua mapa
OCYNIECTBJISIACh M3 MaporeHepaTopa — 8 B 3MEEBHK —
4, KOTOPBIN MeperpeBaj nap 1 nojgaBall ero B y3ei ak-
THUBALAH.

Puc. 1.

Cxema (A) u eHewHuli eud (5) skcnepumenmasavHOl ycmaHosKu 0451 nupozeHemuyeckoli hepepabomku

pacmumesnsHblx omxodos: 1 — kamepa nupoausa; 2 - mygeavHas neuv; 3 - cenapamop; 4 - mMepHuUK ducmuaiama;

5 - 2udpozameop; 6 - c6opHUK 2aza
Fig. 1.

Scheme (A) and external view (F) of the experimental setup for pyrogenetic processing of plant waste: 1 - pyrolysis

chamber; 2 - muffle furnace; 3 - separator; 4 - distillate dipstick; 5 - water seal; 6 — gas collector
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Cxema sKchepuMeHMabHOU ycmaHosku 04151 akmusayuu meepdo2o ocmamka (A) u eHewHull sud y3aa akmueayuu

(B): 1 - cpedHsisi wacmo y31a akmusayuu; 2 - 8epxHss 4acms y3aa akmusayuu; 3 — nep@opuposaHHas Kpvlwka; 4 -
3Meesuk; 5 - mpybonposod omeoda 2a308 akmusayuu; 6 — nampy6ok nodeoda nepezpemozo napa; 7 - MygdenvHas

neuwb; 8 - napoeeHepamop; 9 - cenapamop
Fig. 2.

Scheme of the experimental setup for solid residue activation (A) and the appearance of the activation unit (5): 1 -

middle part of the activation unit; 2 - upper part of the activation node; 3 - perforated cover; 4 - coil; 5 - pipeline for
removal of activation gases; 6 — branch pipe for supplying superheated steam; 7 — muffle furnace; 8 - steam generator;

9 - separator

[ap ¢unsTpoBasCs Yepe3 yroib, B Pe3yibTaTre H3
HEro BBIACISUIUCH ra3bl aKTUBAIMH, KOTOPble BMECTE C
OCTaTKOM BOJIAHOTO Mapa BBIBOAWJIUCH U3 Yy3Jia aKTU-
BaIuM B cenaparop — 9. Ha maHHO# ycTaHOBKe dKCIIe-
PUMEHTAJIBHBIM IyTEM OMpeeNsiiach CTENeHb BbITO-
paHns KapOOHM3MPOBAHHOTO NpoxaykTa. llpomomku-
TENFHOCTh aKTHBAIMH IS TPeOYyeMBIX 3HAYEHUH BBI-
ropaHusd ONpeAciidjiaCh aHATIUTUYICCKUM ITYyTEM, METO-
JIMKa pacyeTa mpejcTaBieHa B padore [7].

OmnpeneneHne yIeIbHBIX MacC MPOTYKTOB MTHPOIH-
3a OCYLIECTBISUIOCH METOJIOM MPSIMOTO B3BEILIMBAHUS
KapOOHU3aTOB W MUPOJIM3HOTO AUCTHIUISATA, Macca ra3a
MOJIyYeHa CONOCTABICHUEM €TO INIOTHOCTH C 00HEMOM
BBITECHEHHOW >KUAKOCTU. Takxe ObUla mpoBeaeHa
mpsMasl KaJdbKyJISLUs MPOAYKTOB MHPOJIN3A. AHAIU3
[apaMeTpoB MOPUCTOW CTPYKTYpPbI YIJIEPOAHBIX COp-
OEHTOB MPOBOAMJICS C HCIOJIB30BaHUEM OBICTPOIEH-
CTBYIOILIIETO aHanmu3aTopa copOuun TazoB NOVA-
1200e MeTOJIOM CHATHS H30TEPMBI aJICOPOLMU a30Ta
npu temreparype 77 K. PaBHoBecHast akTUBHOCTH TIO
Tonyony onpezaensuiack cornacio ['OCT 8703-74. An-
COpOLIMOHHAsT aKTUBHOCTB 10 HOIy Ompesensiach co-
rmacao ['OCT 6217-74. Onpenenenue mIOTHOCTH T'pa-
Hyn ocymectBisuiocs mo [OCT 15139-69.

06cyxaeHue pe3yIbTaTOB

Ha puc. 3 npencraBieHsl pe3yiabTaThl UCCIEIOBA-
HUS TI0 YIJIOTHEHHIO CMECH PACTUTEIIBHOM OMOMACChI B
TPaHybI.

W3 xpuBOil BUAHO, YTO CO3[IaHUE TPaHYJ] BBHICOKOH
IJIOTHOCTH TpeOyeT 3HAYMTENbHBIX JaBICHUI, a COOT-
BETCTBEHHO, M 3aTpaT Ha CO3/IaHHE amnmnapaTypHOTO
oopmIIeHHS.

1500+
1200 e
p,Kr/M3 /

900 '

600

| |
20 L0 60 80

P, MIIa

Puc. 3. 3asucumocmb n1omHocmu 2paHy1 pacmumeabHo20
Cblpbsl 0m das/1eHUs1 npu 2paHyAayuu
Fig. 3. Dependence of the density of plant raw material

granules on pressure during granulation

Ha puc. 4 npenctaBneHbl 3aBHCUMOCTH CTETICHU
BBIT'OPaHUsA OT IMPOJOJLKUTCIBHOCTH BOJIOHapOBOﬁ aK-
THUBAILMM HCCIEAYEMBbIX O0pa3lOB IIPU Pa3IMYHBIX
IUIOTHOCTSIX MCXOITHOTO CHIPBSI.

Ilo KPUBBIM 3aME€THO 3HAYUTEIIbHOC BJIUAHUEC IIJIOT-
HOCTH PACTHTEILHOTO ChIPbS HAa HAYAIbHOM JTale aK-
TUBalMK. B mpolecce akTuBanuu 0ojiee IUIOTHOE ChI-
pbE BBITOPACT ¢ MEHbBINECH CKOPOCTHIO, B PE3yJbTare
yero oOpasyercsi OoJiee pa3BuUTasi CTPYKTypa IMOp, 4eM
Yy MEHee IUIOTHOTO CHIPhs. Takke 3HAUUTETBHYIO POJIb
WTpaeT CTPYKTypa ChIPbs, YTO BUIHO Ha NPHUMEDPE aK-
TUBAILMM KaMEHHOTO YIJIsl, TPOLECC BBHITOPAHHS KOTO-
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pOro 3aHMMaeT Tropa3fo Oojee NPOJOIKUTENBHOE
BpeMSI.
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3asucumocms cmeneHu 8bl20paHusl om
npodocumeabHOCMU aKkmusayuu npu pasauyHbIX
NJI0MHOCMSIX 2paHy coulpbs, ke/m3: 1 - 600; 2 - 900;
3 - 1200; 4 - KameHHblll yz204b (aHmpayum)
naomtHocmoio 1600 kz2/m3

Burnout degree dependence on activation duration
at different densities of raw material granules,
kg/m3: 1 - 600; 2 - 900; 3 - 1200; 4 - hard coal (an-
thracite) with a density of 1600 kg/m3

Puc. 4.

Fig. 4.

B Tabn. 1 mpexacraBieHbl AaHHBIE MO YAEIBHOMY
BBIXO/Iy MPOJYKTOB MHPOIN3a CMECH PACTHTEIHHOTO
CBhIPbsl, I'PAHYJIUPOBAHHOIO gaCTI/ITeHBHOFO CBIpBI C
IJIOTHOCTRIO Tpanyst 900 Kr/M™ 1 KaMEHHOTO YIJIS.

Ta6auya 1. YoenvHblii 861X00 npodyKkmos nupoausa

Table 1. Specific yield of pyrolysis products

AHanm3 TabJIHIIBI TOKA3BIBACT, YTO PACTHTENNBHBIC OT-
XOZOB UMEIOT Oolee HU3KUE 3HAYCHMS 30JIBHOCTH IIO
CPaBHEHHIO C KaMEHHBIM yrieM. IIpenBapureinsHoe
CMEIIICHHE C TMPOJIM3HON CMOJIOH, YIIOTHEHHE OHoMac-
CBI U TIOCTIE/YIONIAsi TPAHyJIALMS MOJIOKUTEIFHO CKa3bl-
BAalOTCS Ha YHENBHOM BBHIXOZE OCHOBHOTO IPOIYKTa —
TBEPIOTO YINIEPOIUCTOrO OCTATKA, MPUPOCT COCTABUI
9 %. D10 OOBSICHSAETCSA TeM, YTO JIETy4He IPOAYKTHI B
YIUIOTHCHHOH OHOMacce BCTPEUaroT COIPOTHBIICHUE IIPU
¢unbTpanmn yepe3 duomaccy, bonee TSIKENbIE COCAMHE-
HHS JIMTHHHA HE MOTYT IOKMHYTh CHIPbE U aJCOpOUpY-
I0TCS YTJIEPOAUCTBHIM OCTaTKOM. CBSI3yIOIIee BEIECTBO —
NMPOJIM3HAS CMOJIA, TAKKE IIOJOXKHUTENBHO BIUSET Ha
BBIXOJI KapOOHM3UPOBAHHBIX IPOYKTOB, TaK KaK B CBOSH
OCHOBE MMECT BBICOKUE YCIbHBIC MACChI JIMTHHUHA, KO-
TOPBIH SBIISIETCS OCHOBHBIM CTPYKTYPHBIM KOMITOHEHTOM
11t oOpazoBanus yris. OHAKO, B CBOIO O4epenb, ode-
BUJEH OOJNIBIIMI BBIXOJ HPOJIYKTOB KapOOHU3AlMM Ka-
MEHHOTO YIJISl B CPAaBHEHUH C PACTHTENIBHBIM ChIPHEM.

Pe3ynbTaTel TEPMOTPaBUMETPUYECKOTO HCCIEH0-
BaHMS IIpEACTaBIeHbl B Taba. 2. DOHUKCHPOBAINCEH:
Ha4daJibHas TEMIICpaTypa yAaJICHUA JICTYUYUX BCLICCTB,
TEeMIIEPAaTypHBIl HAana30H MAKCHMAaIbHOW MOTEpH
Macchl HCXOJHOTO CBIPBS, KOHEYHas TeMIeparypa
yAAIEHUsS JIETYIHUX BemecTB. [lapaMeTpsl chIphbs ObUIH
QHAJIOTUYHBI IIPEICTABICHHBIM B Ta0M. 1.

Ta6auya 2. Tepmoxumuveckue napamempsl MmepMuyecko2o

pasoxceHus
Table 2. Thermochemical parameters of thermal decom-
position
T
=
Ceippe | % _‘E"’ gmsm 3
; 0 © SN 2o
Raw material § w BT E 3w g 58
= 4 > Slg3z> 8 = O
E 2w T | a0y s A
o489 E |4 o =) =i
T O O - 8 o ©
[MapameTpbl 2 £2l59<2 ==
o s ZE|ETEE :
Parameters, °C 8 X = = <
s = a £ =
S O]
HauanbHas TeMnepatypa yjane-
HUSA JIETYYUX KOMIIOHEHTOB
i ey 192 215 416
Initial temperature for removal of
volatile components
IJK30TepMHUYECKUH TeMIlepaTyp-
HbIM AMana3oH 297-398 | 305-403 | 489-565
Exothermic temperature range
KoneuHnas TemnepaTypa yzaaje-
HUSI JIETYYUX KOMIIOHEHTOB
: yARX KoMt 415 418 643
Final devolatilization
temperature

A galiwgel o2
Coipbe | & 2e| S 40w 5
. gw Bo| b 2og e
Rawmaterial | £ 2 & 3| § 3 ¢ o 5w
=~ - =
ExZ el 2o w| =8
Q = O o E _
g © © E - o]
Lo w3 5 o 8 2 -
a [ = > = = o
[lapameTpbl SEECIN= A AT = LT
P 0, S TX o 83 g %
arameters, % 5 So| = F 58| =
3osbHOCTB/Ash content 0,4 0,5 3,8
BbIx0/1 KOH/IEHCUPYEMbIX
MPOAYKTOB 50,0 44,0 4,0
Yield of condensed products
BbIX0/1 HEKOH/IEHCUPYEMBIX
MPOAYKTOB 15,0 12,0 14,0
Yield of non-condensed products
YryiepoiucTbli TBEPAbIH OCTAaTOK
POAHCTBIH TBEPA 35 44 82
Carbon solid residue

CMelieHue ¢ TMPONU3HON CMOIOi U mocaeyromas
IPaHyJISILMs ChIPbS HE CHJIBHO TOBBINIAIOT €0 TEPMHU-
4EeCKyl0 YCTOMYMBOCTb M TEMIEPATypHBIE PEKUMBI
nporecca nuponusa. KameHHslil yroas obnanaer 3Ha-
YUTENFHO OOJNBIICH TepMHUYECKON yCTOWYHMBOCTEIO,
MOATOMY TPeOYIOTCS 3HAUNTEIbHBIC TETIIOBBIE 3aTPATHI
Ha MOJIHYI0 KapOOHM3aIUsI KAMEHHOTO YTJIS.
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Pe3ynbraThl aHanmmM3a MOPUCTON CTPYKTYphI KapOo-
HU3aTa U aJICOPOCHTOB, TIOJIYYCHHBIX U3 PACTUTECIBHBIX
OTXOJIOB, TIPEJCTaBlIeHBI B Tabn. 3. JlaHHBIC MpuBee-
HBI JUIsI 00pa31[0B aKTUBUPOBAHHOT'O YIJISI CO CTCIICHBIO
BbIropanus B ~50 % u miaotHocThi0 900 Kr/M°.

Ta6auya 3. O6sem nop kap6oxusama (K) u akmueupogaH-

Hozo yaas (AY)
Table 3. Pore volume of carbonizate (C) and activated
carbon (AC)
Coipbe| Cyech pactu- | Tpanysbl
Raw material|  reypmoro | pacruresnsio- .
KameHHBIN
ChIpbSI O ChIpbsi -
Mixture of Granules of y
Hard coal
vegetable raw | vegetable raw
materials materials
[TapameTpsl,
cm3/r
Parameters, K/C |Av/ac| K/C |Av/ac| K/c | Av/Ac
cm3/g
OBmem rop 143 | 1,56 | 1,48 | 1,73 | 121 | 1,23
Pore volume
OBmem Makpomop | 4 o5 | 107 | 1,14 | 1,14 | 078 | 078
Macropore volume
OBBeM Me30Mop | 59 | 023 | 023 | 021 | 024 | 0,19
Mesopore volume
OBmem MUKPONOP | 45 | o319 | 011 | 038 | 019 | 026
Micropore volume

Ananu3 Tabia. 3 mokasai, 4To o0pa3oBaHUE MHKPO-
HOp MpPU aKTUBAIMM YaCTUYHO NMPOUCXOIMUT HU3-3a pa3-
pylIeHuss Me30mI0p. YIUIOTHEHHAs IpaHyJIMpPOBAaHHAs
Macca IOKa3bIBaeT JIyULIHe Pe3ysIbTaThl 0 MHUKpPOIO-
PHUCTOH CTPYKType IO CPaBHEHMIO C HEYIUIOTHEHHOM.
AKTUBUPOBaHHBIN yIoJlb U3 KAMEHHOIO YIS IOKa3all
XYJIIUH pe3ysnbTaT [0 MHUKPOIOPHUCTOM CTpyKType
BCJIEJCTBUE HEJOCTATOYHOI CTENEHU BHITOpaHUsl. AB-
TOpB! paboThl [26] MPOBOIUIN HCCIIEAOBAHUE IO MO-
JMYYCHUIO IMIMHIPUYCCKUX AaKTHBHPOBAHHBIX YIJICH
METOJIOM XUMHUYECKOW aktuBauuu. llomydueHHsle pe-
3yJIbTaThl UCCIEIOBAHUS KOPPEIUPYIOTCS C JaHHBIMU
u3 Tabu. 3.

Ha puc. 5 mpencraBieHa auHamMuka oOpa3oBaHUs
MUKpPOIOP B AaKTUBUPOBAHHBIX YIISIX U3 00pas3LoB
YIUIOTHEHHOU I'PaHyJIUPOBAaHHOM Macchl U KaMEHHOI'O
YISl B 3aBUCUMOCTH OT UX CTENEHU BBITOPAHUS.

W3 mnpencraBaeHHBIX 3aBUCUMOCTEH BHJIHO, 4YTO
JUHAMHKa 0Opa30BaHMs MHKPOINOp y ABYX 00pas3loB
pasnmuuHa. OO6pa3oBaHIe MUKPOIIOPHCTON CTPYKTYPHI Y
PACTUTEIBHOTO ChIPbs MPOUCXOJAUT PaBHOMEPHO. Mak-
CHMaJIbHBIC 3HAUEHMS MPUPOCTa MHUKPONOp y YILIOT-
HEHHOTO PACTUTEIBHOTO CHIPhSI IMPOUCXOIAT B AUAIa-
30He 30-70 % BBIrOpaHHS HCXOIHOTO KapOOHH3aTa.
Bonee BbICOKas INIOTHOCTh KAMEHHOIO YIS IIPEATIOIIa-
raer OOJIbIINE YCHIIUS JJISI CO3IaHUS MHUKPOIIOPHCTON
CTPYKTYpbl. BbIropanue NOJOBHUHBI YIENBHOW MacChl
yIis OPUBOAMT K OOPa30BaHUIO ME30- M MAakpoIop,
KOTOpBIC NIPU JAJIBHEHIIIEM BBITOPAHUHU CBHIPbSI Paspy-

MIAIOTCS U Pa3BUBAIOT MUKPOMOPHI. AKTUBHPOBAHHBIN
YToJIb U3 KAaMEHHOTO YTJIsi UMeeT OOJNbIIUi YIeTbHbIN
BBIXOJ 110 CPaBHEHHUIO C AKTUBHUPOBAaHHBIM YIJIEM W3
TpaHyJ PACTHTEIHHOTO CHIPhs, HO YCTYHAEeT 10 00BeMy
MHUKPOIIOP.

08—
0.6

"

V,ﬂ,, CMB/Z D.l&*
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JuHamuka 06pa3osanusi MUKponop 8 akmueupo-
BAHHbIX Y2/I5IX 8 3A8UCUMOCMU OM CMmeneHu 8bl20-
paHUsi  UCXOOHbIX npodykmos  KapboHusayuu:
1 - ynaomHeHHoe 2paHy/AuUpos8aHHoe pacmumess-
Hoe cbIpbe; 2 — KAMEHHbLU y201b

Dynamics of formation of micropores in activated
carbons depending on the degree of burnout of the
initial carbonization products: 1 - compacted granu-
lar plant material; 2 - hard coal

Puc. 5.

Fig. 5.

[Nonmy4eHnHbIe TaHHBIE CBUAETEIBCTBYIOT O TOM, UTO
yIaepoaocoepikaiiee Chlpb€ BBICOKOH IJIOTHOCTH
MO3BOJISIET TMMONy4YaTh OoJiee Pa3BUTYIO TOPHUCTYIO
CcTpyKTypy. [LMOTHOCTH HCchemyeMbix 00pas3loB CO-
cTaBigeT I 00pas3noB: OHOMaccel B CpelHEM
350 kr/m°, rpaHyl W3 YIJIOTHEHHOH OHOMAacchl
900 kr/m°, KamMeHHOrO yras (aHTpanura) 1600 kr/v’.
Hcxonst U3 3TOr0 MOKHO CHENATh BBIBOZ, YTO IIOBBI-
UIeHHUEe YIJIOTHEHHUS UCXOAHOW OMOMacChl MOXKET IpHU-
BECTH K YIYUIICHUIO Ka4eCTBa aKTUBUPOBAHHOTO YIS
Ha puc. 6 mpencraneHa 3aBHCHMOCTh 00beMa MHKPO-
MOp aKTUBUPOBAHHOTO YIJIS OT IUNIOTHOCTH MCXOAHOTO
PACTHUTENBHOTO CHIPbS MPH PA3IMYHBIX CTEMEHSIX 00-
TOpaHUsL.

W3 mpencraBieHHBIX KpPUBBIX BUAHO, YTO IUIOT-
HOCTh CBHIPhSl CHJIBHO BJIMSAET Ha XapakTep MOPUCTOMH
CTPYKTYpHI. [Ipy 3TOM CTETICHb YIIJIOTHEHHS CHIPhS IS
JIOCTHKEHUsI Haubojee pa3BUTOH CTPYKTYpPbl MHKPO-
Mop JAOJDKHA OBITH 3HAYMTENBbHOH. Tak, yIuIoTHEHHE
HCXOTHOHN pacTUTENFHONH OMOMAacChHl IIOTHOCTHIO 350
KI/M> 1o riotHoctu 600 KI/M He 1aJI0 3HAYUTEIHLHOIO
npupocTta B 00beMe Mukpomnop. Hanbonee parpoHab-
HO YIUIOTHHUTH PaCTUTEIBHYIO OMOMaccy 10 INIOTHOCTH
1200 xr/m®. JlanpHeiiiee yIuiOTHEHUE BBI3BIBACT HeE-
3HaYUTETIbHOE YBEIHUeHHe 00beMa MUKPOIIOP.
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Puc. 6. 3asucumocmb 065eMa MUKpONOp AKMu8UpPOBAHHO-
20 ye/151 0om NJA0OMHOCMU UCXOOH020 2PAHYAUPOBAH-
HO20 pacmume/ibHO20 Cblpbsi NPU cmeneHu 0620pa-
Hus: 1-50%;2-70 %

Fig. 6. Dependence of the volume of activated carbon mi-

cropores on the density of the initial granular plant
material at burning degree of> 1 - 50%; 2 - 70%

MaxkcumalnbHbie 3HaYeHUsI 00beMa MUKPOTIOpP y 00-
pasua mwioTHocTbio 1200 KI/M® H CTENIeHBIO BBITOpaHUs
70 % He MPEeBBICWIH 3HAYCHHS 00beMa MUKPOIIOp Ka-
MEHHOYTOJILHOTO aKTHMBUPOBAHHOTO YTJISl C aHAJIOTH4-
HOHM CTEMNEeHBI0 BHITOpaHus. MaKcHUMallbHbIE 3HAYEHUS
00beMa MHUKPOIIOP Y aKTHBHPOBAHHOTO YIJIS U3 TpaHy-
JUPOBAaHHOTO  PACTUTENBHOTO  CBHIPbS  COCTaBHIIM:
0,61 cM>/r, @ y AKTHBUPOBAHHOTO YIJIs M3 AHTPALIATA —
0,68 CM3/F, YTO B IIEJIOM ITO3BOJISET MCIIOJIB30BaTh Pac-
TUTENbHBIA aKTHUBUPOBAHHBIA YroJib BMECTO HCKOIae-
MOTO aHajora B KadeCTBE BBICOKOKAUECTBEHHOTO aj-
copbenta. B Tabn. 4 mpeacraBieHbl OCHOBHBIC al-
COpOLIMOHHBIE XapaKTEPUCTUKH MOJIyYEHHBIX 00pa3oB
AKTUBUPOBAHHOTO YIJIS.

W3 Tabn. 4 BUIHO, 4TO MOJyYSHHBIE 00pa3Ibl HMe-
10T COMOCTAaBUMBIE Y/AETIbHbIE ITOBEPXHOCTH U aJcopO-
LIMOHHBIE XapaKTEPUCTHKH MO aKTUBHOCTH. llomydeH-
HbIC aKTUBUPOBAHHBIE YT MMEIOT BBICOKHE ITOKa3a-
TEJIU UCCIEAYEMbIX aJCOPOLMOHHBIX CBOMCTB, 3HA4M-
TenbHO mpeBocxoxasmme 3HaueHus ['OCT 6217-74 u
I'OCT 8703-74. ABTOpEI paboThl [27] mpoBeIH Uccie-
JOBaHHE TI0 CPABHEHHIO aJICOPOIMIOHHON aKTHBHOCTH
AKTUBUPOBAHHBIX yIJIel U3 IPEBECHBIX MaTEpPHAOB

Ha puc. 7 npeacraBieHbl 3aBUCUMOCTH aJICOPOIIH-
OHHOH CHOCOOHOCTH aKTHBHPOBAHHOTO YTJIS OT CTerie-
HU OOTOpaHus MpH BOI[OHa]gOBOP'I aKTUBAIlUK IS Tpa-
HYJ mIoTHOCTHI0 1200 Kr/M”.

Ta6auya 4. Adcop6yuoHHble Xapakmepucmuku akmugupo-

B8AHHO020 y2/15
Table 4. Adsorption characteristics of activated carbon
Raw m?tjf[zl;ibai = ME @
°T<c%| 855
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SEL2 B2
[MapamMeTphI S ars| AP S
3 2
Parameters 3] 3
YnenbHasi JI011a/[b TOBEPXHOCTH,
MZ/T 1654 1764 1632
Specific area surface, m?/g
Ajncop6uoHHast aKTUBHOCTb
o “ony, %, TOCT 6217-74 BAY-A,
He MeHee 60 %
Adsorption activity for iodine, %, 108 122 131
SS 6217-74 BAU-A, not less than
60%
PaBHOBecHas1 akTUBHOCThb
no ToayoJy, TOCT 8703-74,
He MeHee 145 r/nm3 238 276 297
Equilibrium activity in toluene, SS
8703-74, not less than 145 g/dm3

Kak BUTHO U3 KPHBBIX, JUISl TIOCTHXXEHHS PaBHOBEC-
HOU aKTHBHOCTH 110 Toyoiy 3HaueHuit ['OCT 8703-74
s mMapku AP-A  BomomapoByrO aKTHBAIMIO YIS
HEOOXOIUMO MPOBOAUTH 10 CTENICHU BBITOPAHUS aKTH-
BupoBanHoro yris 32-37 %. Jns mocTmkeHHs an-
copOmoHHol aktuBHOCTH 3HaueHwid ['OCT 6217-74
Mapku BAY-A BozonapoByro akTHUBAaLMIO yIisl HE0O-
XOJUMO HPOBOJMTH A0 CTEHECHH 00rOopaHHsi aKTHBUPO-
BaHHOTO yrius 28-32 %. Takum oOpa3om, mpoBeneH-
HBIE MCCIIEJOBaHUS TTOKa3bIBAIOT BBICOKYIO aJICOPOLIH-
OHHYIO 3()(h)eKTHBHOCTh I'PaHyJIUPOBAHHBIX AJCOPOCH-
TOB, TIOJIYUYEHHBIX M3 CMECH PaCTUTEIBHOTO CHIPHS, HE
yCTyHamomux aacopOeHTaM U3 HCKOIAeMOTO CBHIPBSL.
ABTOpPBI paboTHI [27] mpoBenu UcCIeI0BaHHE MO CPAB-
HEHHIO aJICOPOLIMOHHON aKTUBHOCTH aKTHBHPOBAHHBIX
yriael W3 JAPEeBECHBIX MAaTepHaNoB 0e3 IpenBapUTelhb-
HOTO YIJIOTHEHUS, 3HAYCHUE aJCOPOIOHHOM aKTHUB-
HOCTH TI0 1Oy COOTHOCHMO C IPUBEICHHBIMU PE3YIIb-
TaTaMH JaHHOTO HcciiefnoBanus. Hambompimee 3Haue-
HHE ancopOIMOHHOM aKTUBHOCTH IO HOIy ITOKazaia
IUTOTHAS IpeBeCHHA Oepesbl, MPH aKTUBALINU KOTOPOH
oOpasyercst OoJiee pa3BUTas MHUKPOIIOPHUCTast CTPYKTY-
pa, MeHee IUIOTHBIE JpeBecHHa SIOJOHM M COCHOBEIE
IIMIIKKA UMEIOT MEHbIINE 3HaYeHUs] HOJHOTO Yucliia U
00BbeM TOp, YTO MONTBEP)KIAET Pe3yIbTaTHl AaHHOTO
MCCIIEIOBAHMS O TOM, YTO YIUIOTHEHHE CHIPbsI BENET K
YIIyUIICHUIO IOPUCTOH CTPYKTYpHI aficopOeHTa.
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Puc. 7. /JluHamuka u3MeHeHUsl N02/10MUMeabHOU CNOCOGHOCMU Om cmeneHu 0620paHUs aKMUGUPOBAHHO20 YaAs:
A) pasHogecHasi akmugHOCMb N0 MoJyo0y, 2/0m3; B) adcopbyuoHHas akmusHocms no tiody, %. 1 - akmueupo8aHHbwlil
Y2016 U3 2PAHYAUPOBAHHO20 PACMUMEALHO20 CbIPbS; 2 — AKMUBUPOBAHHBII Y2016 U3 pACMUMENbHO20 CblPbs]
Fig. 7. Dynamics of changes in absorbing capacity depending on the degree of burning of activated carbon: A) equilibrium
activity for toluene, g/dm3; B) adsorption activity for iodine, %. 1 - activated carbon from granulated vegetable raw
materials; 2 - activated carbon from vegetable raw materials

3aksl0ueHune PACTUTENBHOTO CBHIPbSI CO CBSI3YIOLIMM  Belle-
Ilo pesympTaTaM MpPOBEJCHHBIX HCCIECIOBAHUI CTBOM — ITUPOJIU3HON CMOJIOM.

MO>KHO CIeJIaTh CJIeIyIONIIE BBIBOIBL: 2. KimoueBbiMu mapaMeTpamMu TpU (GOPMUPOBAHUH

1. JlaGoparopHble 00pa3mbl NPOIEMOHCTPHPOBAIIH MHKPOIIOPUCTOH CTPYKTYpBl y TPaHyl U3 CMECU
BBICOKHE 3HAYEHUS! PABHOBECHON aKTHBHOCTHU MO PaCTUTEIBHOTO CBHIPHS SIBISIFOTCS CTEIICHb BBITO-
TOJYOJy M aICOPOIIMOHHOM aKTHBHOCTS 110 Hoxy, paHMs yIJIs OpU aKTUBALMM U IJIOTHOCTh UCXO.-
CpaBHHUMBbIE C aKTHBUPOBAHHBIM YIJIEM, I1OJIyY€H- HOT'O CBHIPBSL.
HbIM M3 HCKOIIAEMOrO AaHTpalUTa, 4TO MOXKET 3. AKTHBHPOBAHHBIC YIJIM M3 CMECH YIUIOTHEHHOU
CBUJICTENILCTBOBATE O BO3MOXHOCTH TIOJTyUCHHUS PacTUTENIBHOM Macchl, JAEMOHCTPUPYIOT JIy4IIHe
IpaHyJUPOBAHHOTO aKTUBUPOBAHHOIO YINIA C a7IcCOpOLIMOHHbIE TOKAa3aTeNd OTHOCUTEIBHO 00-
Pa3sBUTOM MUKPONOPUCTOH CTPYKTypo# U3 cmecu pas3IoB aKTHBHPOBAHHOIO YU 0e€3 IpeIBapu-

TEJIBHOI'O YINIOTHCHHUA paCTHTeHLHOfI MacCcCHI.
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