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M DHEPreTHKH, B YaCTHOCTH K CIOCoOy BIaXKHOH Toppedukamuu (kapOoHHM3annuu) OMOMACCHI IS
TTONTyYCHHST THAPOKOKCA, BKITIOYAONIEMY (a) BRICYIIHBaHUE OMoMacchr; (0) n3MensueHne Onomaccsl; (B)
00pabOTKy BBICYIICHHOW M W3MEIBYCHHOW OMOMACCHI MEPErPEThIM BOISHBIM IMAPOM C U30BITOUYHBIM
JaBJICHHEM B PEakTOpe C KHILIIMM CJIOEM C MOJIyYEeHHEM TepMOooOpabOTaHHBIX YacCTHI OMOMAcCCHl H
0TpaboTaHHOTO BOASIHOTO Mapa, TAe TepMooOpadoTaHHBIE YaCTHIIEI OMOMACCHI HETIPEPBIBHO BEIHOCATCS U3
peaKTopa BMECTE C MOTOKOM OTPabOTaHHOTO BOSIHOTO mMapa; (T) pas3iesicHue TePMOOOPaOOTaAHHBIX YACTHII
O6momaccel 1 0TpabOTaHHOTO BOISHOTO IMapa; MpUYeM OHoMaccy 3arpy’kalT B PeaKkTOp HEIpEephIBHO;
00paboTKy OMOMAacChl OCYIIECTBILIIOT Tpu Temmeparype He Beimie 300°C; BBICyIIMBaHHE OHOMACCHI
OCYIIECTBIISIOT 3a CUET TEIUIa OTPaOOTAHHOTO BOASIHOTO Mapa, MOJIYYCHHOTO Ha CTauH (T); U3MEITBUCHHE
OmoMacchl OCYIIECTBISIIOT 10 YACTHI[ TAKOTO pa3Mepa, YTOObI MX CKOPOCTh BHUTAHMA IIOCIE IMOTEpU
gactunamu 40-50% maccel Obuta B 2-3 pasa O0IbIle MUHIMATBHON CKOPOCTH TICEBIOOKMKSHUS YACTHIT
OMOMacChI; MeperpeThiil BOASHON Map MOAAIOT B PEAKTOP C TAKHMM PACXOIOM, YTOOBI CKOPOCTh TMapa B
peaxTope, OTHECEHHAs K CeUEHHIO ITyCTOTro peakropa, He 6onee ueM B 1,5 pasa Oblia BhIIlle MUHUMAIBHOM
CKOPOCTH IICEBIOOKIKECHHUS YACTHI] OMOMACCHI.
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CNOCOB BNIAXHOW TOPPE®UKALIUU (KAPEOHU3ALIUWU) BUOMACCHI

OBJIACTb TEXHUKU

M3obpeTteHune OTHOCUTCA K obniactu KOMMYHarbHOro X03A1CTBA,
CEeNbCKOXO3ANCTBEHHOrO NPOU3BOACTBA W 3HEPreTWKW, B YaCTHOCTM K cnocoby BnaxHo
Toppedukauuu (kapboHusauum) Guomaccel AnA NONYYEHUA MTMAPOKOKCa.

YPOBEHb TEXHUKU

buomMacca WMPOKO MUCNONb3yeTcA Kak NPOAYKT MUTaHUS WNU Kak Bo30oOHOBNsemoe
Cbipb€ [N1I8 MPOM3BOACTBA 3HEPruu, a TaKKe KaK Cbipbe ANA NPOU3BOACTBA PasfIMYHbIX
XUMUYECKUX BELLECTB U aKTUBMPOBaHHLIX yrnen. B nocnegHue roabl Takon metoq 06pabotku
Guomacchl, Kak rugpotepManbHas  kapGoHM3auus, CTan  NpuBMeKaTb  BHUMaHue
uccnenosarenen, 6narogaps BO3MOXHOCTM MOMy4YeHUs TBEPAOro MNpoAyKTa, KOTOPbIN
Ha3sbiBaloT rugpokoke [Z. Liu, F.S. Zhang, Removal of lead from water using biochars prepared
from hydrothermal liquefaction of biomass, J. Hazard. Mater. 167 (2009) 933-939, Z. Liu, F.S.
Zhang, J. Wu, Characterization and application of chars produced from pinewood pyrolysis and
hydrothermal treatment, Fuel 89 (2010) 510 514].

Mocneaxuint moxet GbiTb B AanbHeAeM UCNONb30BaH ANA CUHTE3a aKTUBUPOBAHHOTO
yrna [M. Sevilla, A. Fuertes, R. Mokaya, High density hydrogen storage in superactivated
carbons from hydrothermally carbonized renewable organic materials, Energy Environ. Sci. 4
(2011) 1400-1410, M. Sevilla, A.B. Fuertes, Sustainable porous carbons with a superior
performance for CO2 capture, Energy Environ. Sci. 4 (2011) 1765-1771. 802 A. Jain et al. /
Chemical Engineering Journal 283 (2016) 789-805, Sevilla, J.A. Macia-Agulié, A.B. Fuertes,
Hydrothermal carbonization of biomass as a route for the sequestration of CO2: chemical and
structural properties of the carbonized products, Biomass Bioenergy 35 (2011) 3152— 3159).

OTMevaeTcs, 4TO ruapoTepmanbHas kapboHusauusi Guomacchl MO3BOMSAET MONMYYUTb
TMAPOKOKC € Gornee BbICOKON KOHLUEHTpaUuuen KUCNOPOAHbIX (PYHKUMOHAMNLHLIX FPYnn U HU3KOIA
CTeNneHblo apoMarusauun, 4TO JenaeT MOMyYeHHbI TMAPOKOKC Gonee npurogHbLIM ANA
AanbHenwen xummyeckon aktusauum [M. Sevilla, A. Fuertes, R. Mokaya, High density hydrogen
storage in superactivated carbons from hydrothermally carbonized renewable organic materials,
Energy Environ. Sci. 4 (2011) 1400-1410, M. Sevilla, A. Fuertes, The production of carbon
materials by hydrothermal carbonization of celiulose, Carbon 47 (2009) 2281-2289].

MOpOKOKC pekoMeHOyeTCs Takke K MCMONb30BaHWUIO Kak YMCTOe TBepaoe TOMMBO
[Zhao P, Shen Y, Ge S, Chen Z, Yoshikawa K. Clean solid biofuel production from high
moisture content waste biomass employing hydrothermal treatment. Appl Energy
2014;131:345-67, Bach Q-V, Skreiberg @. Upgrading biomass fuels via wet torrefaction: a
review and comparison with dry torrefaction. Renew Sustain Energy Rev 2016;54:665-577,
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Nizamuddin S, Baloch HA, Griffin GJ, Mubarak NM, Bhutto AW, Abro R, et al. An overview of
effect of process parameters on hydrothermal carbonization of biomass. Renew Sustain Energy
Rev 2017;73: 1289-1299, Volpe M, Fiori L. From olive waste to solid biofuel through
hydrothermal carbonization: the role of temperature and solid load on secondary char formation
and hydrochar energy properties. J Anal Appl Pyrolysis 2017; 124:63-72], 6narogaps
CHUXEHWIO BRIAXHOCTU NONMYYEeHHOro GUOTONNMMBA, CHUXKEHUIO COAEPXKaHUS B HEM COoeaVHEeHUN
Xfopa u asoTa, YTO ymeHbluaeT BpegHbie Bbibpockl nNpu cxuraduu [Zhao P, Shen Y, Ge S,
Chen Z, Yoshikawa K. Clean solid biofuel production from high moisture content waste biomass
employing hydrothermal treatment. Appl Energy 2014;131: 345-367].

Mpouecc BnaxHon ToppecdukauMm paccMaTpUBaeTCs Kak MNPOLECC, aHanorvyHbii
npoueccy ruapoTepmanbHol kapGoHu3aumm.

MNpouecc BnaxHon Toppedukauumn nporekaeT B BOAHOW cpepe npu Temnepatype 180 —
260 °C [Yan W, Acharjee TC, Coronella CJ, Vasquez VR. Thermal pretreatment of
lignocellulosic biomass. Environ Progress Sustain Energy 2009;28,:435-440, Chen W-H, Ye S-
C, Sheen H-K. Hydrothermal carbonization of sugarcane bagasse via wet torrefaction in
association with microwave heating. Bioresour Technol 2012;118:195-203, Yan W, Hastings
JT, Acharjee TC, Coronella CJ, V& squez VR. Mass and energy balances of wet torrefaction of
lignocellulosic biomass. Energy Fuels 2010;24:4738-4742, Runge T, Wipperfurth P, Zhang C.
Improving biomass combustion quality using a liquid hot water treatment. Biofuels 2013;4:73~
83, Bach Q-V, Tran K-Q, Khalil RA, Skreiberg &, Seisenbaeva G. Comparative assessment of
wet torrefaction. Energy Fuels 2013;27:6743-6753, Yang W, Shimanouchi T, Iwamura M,
Takahashi Y, Mano R, Takashima K, et al. Elevating the fuel properties of Humulus lupulus,
Plumeria alba and Calophyllum inophyllum L. through wet torrefaction. Fuel 2015;146 :88-94,
Bach Q-V, Tran K-Q, Khalil RA, Skreiberg @. Wet torrefaction of forest residues. Energy
Procedia 2014;61: 1196—1199].

MNpouecc BnaxHoi ToppeduKaumm peanMsoBaH B peakTopax Nepuoauveckoro A4eicTemus
n BknoyaeT cneaylowme cragun [Chen W-H, Ye S-C, Sheen H-K. Hydrothermal carbonization
of sugarcane bagasse via wet torrefaction in association with microwave heating. Bioresour
Technol 2012;118: 195-203, Bach Q-V, Tran K-Q, Khalil RA, Skreiberg &, Seisenbaeva G.
Comparative assessment of wet torrefaction. Energy Fuels 2013;27: 6743-6753]:

- 3arpyska Boabl 1 6Guomacchl B peakTop B He06X0AMMOM COOTHOLLUEHUMW,

- HarpeB peakTop A0 HeobGXoauMmoM TemnepaTypbl C NOALEMOM [ABNEHUS BHYTPU
peakTopa Ans UCKNIOYEHUs BCKUMaHUA BOAbI,

- NPOLLECC BNIaXXHOM ToppeduKaLuun GuoMaccht B Te4eHWe 3a4aHHOro BpeMeHm,

- GbiCcTpoOe oxnaxgeHvue peakTopa,
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- pooc AasrneHua U BbIrpy3ka ruapokokca C nocnenywmeﬁ CYLUKOM.

M3 M3NOXEHHOro Bbitle OveBUAHLI HEeAOCTaTKU TEeXHONOrUKM BRaXHOW Toppedukauum
npu ee peannsauum U3BECTHLIM CNOCOGOM:

- NepUoAUYHOCTb NpoLiecca,
- HeO6GXOAMMOCTb NPUMEHEHUSA peakTopos, paboTalowiMx NoA BbICOKUM AaBneHneMm,
- Gonbloit 06bvem 3arpasHeHHoN BoAbl, koTopas TpebyeT aanbHenwen nepepaboTku.

N3secteH cnoco6 kapbGoHusaumn 6Ouomacchl, COrmacHO KOTOPOMYy B peakTop,
cofepxaluin Guomaccy, NnoaaeTcs BOAAHOW HACbILEHHbI nap NoA U3ObLITOYHLIM AaBneHem
2,3 - 2,5 MINa u TemnepaTtypoint o 225 °C n 6uomacca nogsepraeTcs BO3AeWCTBUIO Napa B
TEeYeHMUe HEeCKOSbKUX 4acoB, Nocne Yero AaBfeHWe YMeHbLIalTCsl A0 aTMocdepHoro, a nap
UCNonb3yloT ANA HarpeBa CBeXewW nopuumu Guomaccel, nocrie 4ero oTpaboTaHHbin nap
cOpacbiBaloT B pacwmpuTenbHbii 6ak, rae ero oxnaxaaloT Ao koHaeHcauwun [Peter Quicker,
Kathrin Weber Biokohle Herstellung, Eigenschaften und Verwendung von
Biomassekarbonisaten Springer Vieweg, 2016, pp. 128 — 131].

Hepnocratkamu npouecca ABSIIOTCS:
- NepuoANYHOCTL npouecca kap6oHM3auum,

- HeoBX0AUMOCTb NMPUMEHEHUS pPeaKkTopoB, pa60‘ra|ou.mx noA BbICOKUM AaBneHnem, 4To
yaopoxaet oﬁopyp,osaﬂne N YCNOXHAET ero akcnnyarayuto,

- Gonblas ANMTEeNbLHOCTL Npolecca kapboHn3auum (HECKONbKO Yacos).

TexHu4yeckon 3apadvein nlobpeteHus senseTca obecneueHne HenpepbIBHOCTU npouecca
KapﬁonsauMM C MNOBbIWEHNEM 3HeproapdeKTMBHOCTU MNpouecca, yBenuyeHuem crefeHu
OoAHOPOAHOCTH Kap60HVI38UMM 6uomaccbt M NOBbILEHWE HaAeXHOCTU fnpouecca, a TaKkke
COoKpallueHne anutenbHOCTU Npouecca Kap60HM36LlMM.

CYWHOCTb USOBPETEHUA

[ns pelwenns NOCTaBNEHHON 3afjaun npeanoxeH crnocob BnaxHoW ToppedukaLum
(xap6oHusauum) Gromaccsl, CorfiacHO KOTOPOMY NPOBOAAT:

(a) BbicywmBaHue 6uomaccsi;
(6) namenbueHne 6momaccsi;

(8) 06paboTKy BbICYLUEHHOW U M3Menb4eHHON GMoMacchl neperpeTbiM BOAAHbLIM NapoMm C
n36bITOYHLIM AABMNEHWEM B pPeakTope C KUMSLWMWM Croem C nonyvyeHneM tepMoobpaboTaHHbIX
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yactuy Guomaccbl U otpaboTaHHOro BOASHOrO napa, roe TepMmoobpaboTaHHble 4YacTUubl
Guomacchl HenpepbIBHO BLIHOCATCS U3 peaKkTopa BMeCTe C NOTOKOM oTpaboTaHHOro BOAAHOrO
napa;

(r) pasneneHue TepMooBpaBoTaHHbIX YacTULbl BUOMAcChl U OTPaBOTaHHOrO BOASHOrO
napa; npu4em

- BMomaccy 3arpyxaloT B peaktop HenpepbiBHO;
- 06paboTKy Guomacchl OCyLECTBNAIOT Npu TemnepaType He Bhiwe 300 °C;

- BbICYLUMBaH1e GMoMacchl OCYLWECTBRAIOT 3a CHeT Tenna oTpaboTaHHOro BOAAHOro napa,
NoNy4YeHHOro Ha craauu (r);

- uaMmenbveHMe 6uoMacchl OCYLEeCTBNAIT A0 4acTul Takoro pasmepa, 4ToObl uX
CKOPOCTb BUTaHUst mocne notepu 4actuuamm 40-50 % maccet 6bina B 2-3 pasa Gonble
MMHUMAIIbHON CKOPOCTU NCEBAOOXMKEHUA UCXOAHBIX YacTul buomaccel;

- neperpeTbiil BOAAHOIN Nap NoaaloT B peakTop C TakuM pacxoaom, 4yToObl CKOPOCTL Napa
B peaxKTope, OTHeCeHHasa K Ce4eHUI0 NyCToro peakropa, He Gonee, yem B 1,5 pasa 6bina Bblwe
MWUHMManNbHON CKOPOCTU NCEBA0OKMKEHUA UCXOAHBIX YacTuUL 6uomaccei.

KPATKOE ONMUCAHUE YEPTEXEN

Ha dwurype 1 npeactaBneHa cxema YCTAHOBKM ANs  BRaxHoi Toppedukaumm
(kapGoHuM3aaLmn) Guomaccel, peanuayiowien NPeANoXeHHbIN cnocob.

Ha c¢urype 2 npeacrasneHa cxema peakrtopa Co B3BELEHHbIM CII0eM.

Ha courype 3 npounnioCTpUpoBaH BHEWHUI BUL UCXOAQHOW GUoMacchl (CMecu KypuHoro
nomeTa W COMOMbI B NpPUMEpe peanu3auuMM npeanoxeHHoro cnocoba kapGoHusauum
(Toppedukauun) Guomaccsi.

Ha ¢urype 4 npounnioctpupoBaHo uameHeHue koHueHtpauuu CO, COz, Hz u CHy B
ra3oo6pasHblX HEKOHAEHCUPYIOLWMXCS NpoaykTax Toppedukauum cMecyu nomeTta u ApeBecHbIX
ONWUNOK B cpefie neperpeToro BoAsIHOro napa.

OMNMUCAHUE N3OBPETEHUA

Ha cdurype 1 npepcraeneHa cxema OQHOrO U3 BapuaHTOB YCTaHOBKW ANs NpoOBEAEHWUA
Toppedukauun (kap6oHmsauum) Guomaccel CornacHo HacTosweMmy usobpeTeHuio, KoTopas
COCTOWUT W3 CYWMWNKW ucxogHon 6uomaccel 1, ApoGunku Guomaccel 2, naposoro Kotna 3,
naponeperpesaTtens 4, peakropa Ans BNaxHoi Toppedukauumn (kapboHusaumm) 6uoMaccel Bo
B3BELWEHHOM (KunsiweM) crioe 5, uuknoHa 6 ans ovaeneHus TepmoobpaboraHHbIX YacTuy
Guomacchb! OT NaporasoBoro NOTOKa.
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YcraHoBka pabotaeT crieayowmm o6pas3om.
WUcxoaHyro Guomaccy noasepraioT cyluke B cylumnke 1 u namernbueHunio B apobunke 2.

B kayectBe wucxogHoM 6uomaccbl MoxeT ObiTb MCnonb3oBaHa npakTuyecku niobas
6uomacca pacTUTEnbHOro WNN XUBOTHOIO TMPOUCXOXAEHUS, KOTOpasi NpUMeHsieTcs Ans
BblpaboTku Tonnuea. Haubonee npegnoyTUTenbHbIM BUAOM GUuoMacchl cornacHo nsobpeTeHuto
ABNSIOTCA OMOOTXOALI C BLICOKO UCXO4HOM BNaXKHOCTLIO: NTUYUIA NMOMET UK CMEeCb NTUYLErO
nometa M OMUNOK WU COMOMbI, UN OYUCTHbLIX COOPYXEHWA U T.N.. Talke BO3IMOXHO
NPUMEHEHWe pasfUYHbIX APEeBECHbIX OTXOAOB, pacTUTESNbHbIX MaTepuarnos, Takux Kak, nysra
npoca, NOACONHEYHUK, pUC.

B kauectse cywwunku 1 MoxeT 6GbiTb UCMONb30BaHa, HanpuMmep, BakyyMHasi Cyluunka, B
pybaluky KOTOpon noaaeTcs oTpaboTaHHbi B AaHHOM npouecce neperpeTbii nap. YkasaHHbIi
nap KOHAEHCUPYETCH, 3a CYeT Yero NPOUCXOAMT Cyllka UCXOAHOW BMomacchl A0 BRNaXHOCTU
meHee 20 %. Takum obpasoMm, BNaXHOCTb BbICyLEHHOW GUMOMacChl COrMacHo U3obpeTeHuo
MoxeT coctaenaTtb oT 0% fo 20%, npeanoytutenbHo ot 10% Ao 20%. CornacHo n3obpeTenuio
BNaXKHOCTb BMomacchl nocne cywku He npesbiwaeT 20 %, nockonbky npu 6onee BbICOKON
BNaXHOCTM, KaK MOKasbiBalOT 3JKCNEPUMEHTb!, BO3HWKAIOT NPOGNeMbl C  U3MeNbyYeHWeM
6uomacchbl U ee NceBAOOXUKEHUEM B peakTope.

BbicyweHHylo 6uomaccy nopaloT w3 cywunkv 1 B ApoGunky 2, rae NpoOUCXoAWT ee
naMenbYeHue.

B kavdecTse Apobunku 2 MOXHO UCNONbL30BaTh APOGUNKY N0GON N3BECTHOW KOHCTPYKLIUM,
Hanpumep, MONOTKOBYIO APOBUAKY.

B napoBom kotne 3 3a cuYeT CXWraHus OpraHU4Yeckoro TonmMBa WMAU 3a cuet
3NEKTPO3HEPrMN reHepupyeTcs BOASHON Nap ¢ u3bbITouHLIM AaBneHWeMm He Bolwe 0,1 Mla,
Hanpumep, ¢ M36bITOYHLIM gaeneHnem ot 0,05 go 0,1 MlMa, KOTOpLIN 3aTemM HanpaBnsieTca B
naponeperpesartenb 4. NMpou3BoacTBO napa ¢ 6ornee BbICOKUM U3OLITOYHLIM AaBMEHUEM, Kak
NpaBuno, He UMeEeT CMbICIA, MOCKONbKY CYLLECTBEHHO YCNOXHAET KOHCTPYKLMIO YCTAHOBKU W,
criegosaTenbHO, CTOUMOCTb U3rOTOBIEHUA U SKCTINyaTaLumn napoBoro KoTna.

B naponeperpesatene 4, KOTOpbii MOXET MMETb KOHCTPYKUMIO B Buae TpyGHOro
3MeeBWKa, HanpuMep, 3a CYEeT UCMONIb30BaHMA TENna YXOAALUMX AbIMOBbIX ra3oB KOTna Unu 3a

CYeT ANEKTPO3IHEePrun OCYLLECTBNAIOT Neperpes BOAAHOrO napa 4o Temnepartypbl oT 275 no
300 °C.

MeperpeTolit BOAAHOK Nap NoAalT B peakTop C B3BElLeHHbIM (KkunsiwmM) cnoem 5. Cxema
peakTopa 5 noapo6Ho npeacTasneHa Ha durype 2. Kak nsobpaxeHo Ha durype 2 peaktop 5
nMeeT Kopnyc 1, B KOTOPOM pasMmelleH Kunswunh cnoi 2 Yactuy 6uomaccbl. JTOT cnowi
onupaetcsi Ha peiueTky 3, Noa KOTOPOM pacrnonoXxeH npueMHUK napa 4. Peaktop cHabxeH
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y3noM BbiBoga 5 otpabortaHHoro napa v Tepmoo6paboTaHHbIX yacTuy Guomacchl, TO ecTb
rMApoKokea, a Takke GyHkepom 6 Ans sarpyskn yacTul Guomacckl B peaktop. Kopnyc peaktopa
5 MoxeT GbITb Taloke CHabxeH HarpeBaloLUM YCTPOWCTBOM, AN NOAAEPKaHUA HeoBXOaUMON
TemnepaTypsl. B Luenom, B peaktope noaaepkuBaloT TeMneparypy He eoiwe 300 °C.

CornacHo npoueccy B peaktop 5 nopaloT Guomaccy, NOABEPrHyTYIO WU3MENbYEeHUIO B
Apobunke 2.

CornacHo npeanoxeHHOMy cnocoby uaMens4eHne GUoMacchl OCYLLECTBASIOT 40 YacTuL
Takoro pasmepa, 4Tobbl UX CKOPOCTL BUTAHUS nocre notepu yactuuamm 40-50 % maccsl 6bina
B 2-3 pasa 60rbLue MUHUMANbHOW CKOPOCTM NCEBAOCOXMKEHUA YacTul, Guomacchi.

Moa MUHMMAanNLHOM CKOPOCTBLIO NCEBAOOKMKEHUS, TAIOKE HA3LIBAEMOW CKOPOCTLIO Hayana
NCeBAOOXKKEHMS, NOHUMaETCs Ta CKOPOCTb ra3a, TO CTb B Cly4ae HacTosLero u3obpeTenus
CKOpPOCTb NeperpeToro BOAAHOrO napa, NMpu KOTOPOI CMOW 4acTuy 6MoMacchl NONMHOCTbIO
nepexoauT B NCEBAOOXKNKEHHOE COCTOsIHUE.

fMon CKOPOCTbI0O BWUTaHWUsA, TaKKe Ha3blBaEMOW CKOPOCTBLIO YHOCa, noHWMaeTca Ta
CKOpPOCTb rasa, To eCTb B Cny4vae Hacroswero usobpereHus CKOpPOCTb neperpetoro BOAAHOro
napa, Npu KOTOPOI YacTULbl BLIHOCATCA U3 B3BELWEHHOrO CNOs C NOTOKOM rasa.

MuHumansHas CKopoCTb NCEBAOOXKMKEHUS N CKOPOCTb BUTAHUA ANS KOHKPETHOro Buaa
yacTuy Gruomacchl MoxeT GbiTb onpeaeneHa cneuuanucToM NobbIM NOAXOAALLMM CNOcoGOM,
U3BECTHbIM B AaHHOW obnactu TexHuku. Moaxoasiyme cnocobbl BecbMa pa3HooGpasHbl U
WWPOKO onucaHbl B NpodunbHON nutepartype, Hanpumep B [Backakos A. . CkopocTHOW
GesokucnmTensHLIM Harpes n Tepmuydeckan o6paboTka 8 kunswem cnoe. M.: «<MeTannyprusy,
1968, c. 16, ¢.18],

CornacHo ogHOMY M3 BapuaHTOB peanu3auun usMenbueHue Guomacchl OCyLLecTBASIOT
Ao Yactuy pasmepom 0,4 - 1,1 Mm.

MeperpeTbii BOASHOW Nap NPOXOAUT Yepes pelueTKy C peaktopa 5 u nepesoauTt croi
yacTuy 6Guomacchl BO B3BELUEHHOE COCTOsiHMe. Bnarogapsi BbICOKMM CKOPOCTSM Tenno- u
MaccoobMeHa BO B3BELUEHHOM Crioe NPOUCXOAUT WHTEHCUBHAA Tepmuyeckas o6paboTtka
yacTuy Guomaccel B peaktope 5. MeperpeTsiit BoASHOW nap NoAaloT B peakTop C TakuM
pacxoaoMm, 4Tobul ero cKOpoCTb, OTHECEHHas K CeYEHUIO NYCTOro peakTopa, He Gonee, Yem B
nontopa pasa Obina Bblle MWHUMANBHOW CKOPOCTU MCEBAOOXKWKEHUS] UCXOAHBLIX 4YacTuy,
6uomacch!.

3aecb nog CKOPOCTbIO Napa NOHUMAaeTCA UMEeHHO CKOPOCTb BOAAHOrO napa, OTHECEHHas! K
CE4EeHUlo nycToro peakropa, MOCKOMbKY eCnu U3MEepPsATb CKOPOCTbI0 Napa B peakTope,
3anofTHeHHOM CJlI0eM YacTul, TO CKOPOCTbIO Napa byaeT SiBNATLCA CKOPOCTb napa B npocsetax
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Mexay YacTuuamu u, npu OaHOM U TOM e pacxope napa Yepes peakTop, oHa 6yaeT MeHsTbCS
B 32aBUCUMOCTM OT Pa3mMepoB YacTuL,.

Takvum oGpasom, B xone Tepmoo6paboTku B peaktope 5 Guomacca Tepsiet Ao 40 - 50 %
CO6CTBEHHOM Macchl, CKOPOCTb BUTaHMA YacTUL Guomacchl B ABa — TPU pasa NpeBOCXOAUT
MUHUMasIbHYIO CKOPOCTb NCEBAOOXKWMKEHUS MCXOAHbIX YacTul, U neperpeTbiit BOAAHOW nap
NnoAaeTcs B peakTop C TakuM pacxoaoM, YTobbl ero CKOpoCTb, OTHECEHHas K CEYEHUIO MYCTOro
peaktopa, He 6onee, uyem B nonTtopa pasa 6bina BbiWE MWUHUMANbLHOW CKOPOCTU
NCeBAOOXKWKEHUA  UCXOAHbIX vacTtuy 6uomacchl. CooTBeTcTBeHHO, 6Gornee nerkue
TepMoobpaboTaHHble uYacTuubl Guomacchl (4acTuubi MAPOKOKCA) BbLIHOCATCA C MOTOKOM
otpaboTaHHOro napa W rasos, BbAENUBLIMXCA B Npouecce Toppedukaumn. ITOT MOTOK
oTpaboTaHHOro napa, rasa 1 YacTuL rMapPOKOKCa HaNpaBnsoT B UUKIOH 6, B KOTOPOM YacTuubl
TepmoobpaboTaHHble YacTuubl Guomacchl OTAENSIOT OT NOTOKa napa U rasa W HanpasnsioT
notpebutento (oMU MoOryT GbiTe MCNONb30BaHbl kak GMOTONNMBO, YNyYWMUTENb NOYBLI UMM
opraHudeckoe yaobpeHue; Take 4acTuubl rmapokokca MoryT 6biTb nepepaboTtaHbl B COpBGeHT
3a CYeT aKTuBauum, Hanpumep, XMMU4YECKUM METOLO0M).

YBenuueHue CKOpoCcTV BOASHOTO Napa, NoJaBaeMoro B peakTop Ans KapBoHwsauun u
OTHECEHHOI K CEeYEHUIO MyCTOro peakTopa, A0 3HadeHui Gonee, Yem B nonTopa pasa no
CPaBHEHWI0O C MWHUMAnbHOM CKOPOCTM NCEBOOOXWMKEHWS 4acTuy OuoMacchbl, He
Lenecoobpa3Ho, MOCKONbKY NPUBOAWT K YBENUYEHUIO pacxoda napa W AOMNONMHUTENbHbIM
aHeprosartpaTtam Ha npouecc kap6oHu3aLmn.

B Buay Toro, 4to CKOpOCTb BUTaHMA 4acTuy GuMomacchl nocne saseplueHusi npouecca
kapboHusauuu u notepu uvactuuamm Guomaccel 40 — 50 % B ABa — TpU pasa Bbile
MUHUMAnNbHON CKOPOCTU MNCEBAOOXMKEHUS] UCXOOHBIX 4acTuy Guomacckt, To npu paboueit
CKOpPOCTH napa, NpeBOCXoAsLLe MUHUMarbHYI0 CKOPOCTb NCEBAOOXKWKEHUst B NONTopa pasa,
NPOUCXOAWUT rapaHTUPOBaHHbIN BLIHOC U3 KUNSLWeEro cnos 4vactuy Guomacchl, kapboHusaums
KOTOpbIX 3aBeplLueHa.

Takum obpasom, obecneunsaercs HenpepbiBHbIA BBOA YacTuL GuoMaccel B peaktop Ans
kap6oHusauum, aHeproaddekTusHas Tepmudeckas o6paboTka u BbIBOA TepmMooBpaboTaHHbIx
yactuy 6uomaccel (HacTuy ruapokokca) U3 peaktopa Ans ToppedurKaumu.

Kak nokasbiBaloT 3KCNEpUMEHTbl MO BNaXHOW ToppeduKkauuy, Hanpumep, NTUYLEro
noMeTta MPOAOSKMTENBLHOCTL Npouecca kapboHM3aUMM NO NPEAniOKEeHHON TEeXHOMoruu He
npesbiwaeT 10 MUHYT, a XapakTepucTMK1 NOMy4YEHHOTO MMAPOKOKCA BO MHOTOM COOTBETCTBYET
XapaKTepucTMKaM TUAPOKOKCA, MOJSTYYEHHOrO METOAOM  MApoTepManbHol  kapBGoHU3auwm
U3BECTHLIMU METOAAMU.

OtpaboTaHHbI Nap HanpaBnsaeTcs B CYLUUITKY A5 UCXOAHOM Buomacchl 1.
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PacueTbl NoKasbiBaloT, YTO AN1S CYLIKM UCXOAHOM GMOMAcCh! B KonuyecTse 1 T G ncxoaHom
BnaxHocTn 40 % fo snaxHoctv 20 % TpebyeTcs NPUMEPHO CTONBKO Xe TEensoBoiA 3Hepruum,
CKOMbKO MOXHO MONy4UTb MPU KOHAEHCaUWW OTpaboTaHHOro neperpeToro BOASHOTO napa,
Tpebytowerocs Ans Toppedukauum BICYLLEHHON G1UoMacchl.

Ans noaTeepxaeHus 3hHEKTUBHOCTM NPeANONKEHHON TEXHONOrMM Bbinu npoBefeHbI
9KCnepuMeHTbl no BnaxHoW kapboHusauun (Toppedukauun) CMecH KypuHOro nometa M
COMOMbI.  OKCMEPUMEHTLI NPOBOAWNUCL Ha YCTaHOBKe, KOTopas BKMovana napoBoi
SNEeKTPUYECKUA KOTen, 3MIeKTPUYECKMiA naponeperpesatenb, pPeakTop ANS WUCCHeaoBaHWs
npouecca Toppedukauuu yvacTuy Guomacchl B kunsiwem cnoe. asooGpasHbie nNpoAyKTbI
ToppedukauMu BMecTe C OTpaGoTaHHbIM BOASHBIM MApPOM NOCTYNanM B XOMOAWUMBHMUK.
HekoHaeHcupyemble rasbl nocTynanu B rasronbgep, 3a KOTOPbIM YCTaHOBMEH rasoaHanusarop
«VarioPlus SinGaz» gns HenpepbIBHOrO aHanMsa XMMUYECKOro CoCTapa HEKOHAEHCUpYyeMbiX
razaoo6pasHbix NPoAYKTOB TOppeduKkaLmum.

Peaktop ans ToppecduKkaLMn BLINONHEH U3 HepXaBelowWen CTanm u uMeer Anametp 80
MM U BbicoTy 800 mMm. CreHku peakTopa TennousonuposaHbl. Konuyecteo nomera,
sarpyxaemoro B peaktop, coctaensno 20 — 23 r. MNpu ToppecukaLm HenpepLIBHO N3MEPANOChH
copepxaHue B rasax 3a XONoAWUNbHUKOM COAEpXaHue ABYOKWUCW Yrriepoaa, OKUCH yrnepoga,
CHs4, BOAopoaa ¢ nomouwybio rasoaHanusatopa «VarioPlus SynGaz». OnbIT npekpatiancs koraa
rasoaHanusartop nepecrasan (hUKCUpPOBaTh BbieneHue ykasaHHbIX rasos. Mocne 3aBeplueHus
OonbiTa peakTop NpoaysBancs B TeyeHWe 2 4acoB XONOAHLIM a30TOM, NOCAE Yero M3 Hero
BbIFPY>Kancsa ruipoKoKC.

WcxopHas 6Guomacca umena BnaxHocTs 18 %. [pyrMe XapakTepUCTUKU MCXOAHOI
Gromacchl, a Taloke rMapOKoOKca npuseaeHsl B Tabnuue 1.

Tabnuua 1. XapakTepucTuku cMecu noMeTa ¢ CONoMOi A0 M nocne ToppedurKaymn

MaTtepuan CopnepxaHue KOMNOHEHTOB

C, % H, % N, % S, % 02, % 3ona, Hu3swa
% f
Tennor
a
cropaH
us
MDx/

Kr




NcxogHas 41,4 57 4,8 0,8 30,7 16,6 16,7
buomacca

Fmapokokc 48,2 3,63 4,65 0,9 12,48 30,1 18,8
nocne
TepmoobpaboTtk
M B KUMNSLEM
cnoe

MokasaHHyto Ha curype 3 Guomaccy usmensyanu Ao YacTuu, 06bEMHO-NOBEPXHOCTHBIN
AvameTp 6bin paseH 0,232 MM. MuHUManbHas CKOPOCTb NCEBAOOXKWKEHUS TaKUX HacTuu
napom npu Temnepatype 300 °C coctasuna 0,6 m/c. CKOPOCTb BUTAHUSA TaKnUX YacTUL, NPy Tex
Xe ycnosuax u nocne notepu umu 40 % maccel coctasuna 1,8 M/c, T.e. B Tpu pasa
MPEBOCXOAUT MUHUMANbHYIO CKOPOCTb MCEBAOOXKWKEHUA WCXOAHbIX YacTuy 6uomaccsl.
MpopomkuTensHOCTL Npouecca ToppecthukaLumu B KUNSILEM Crioe COCTaBnAna npumepHo 600
cekyHA.

B Tabnuue 2 npuBeaeHb! AaHHbIE MO XUMMYECKOMY COCTaBy WCXOAHOWM CMECH NoMeTa u
TMOPOKOKCa, MOMyHeHHOro METOAOM  Kraccuueckon ruapoTepmansHoi kapBoHusaumn npu
Temnepatype 300 °C B TeueHue 480 muHyT [Bashir M. Ghanim, Daya Shankar Pandey, Witold
Kwapinski, James J. Leahy Hydrothermal carbonisation of poultry litter: Effects of
treatmenttemperature and residence time on yields and chemical propertiesof hydrochars //
Bioresource Technology, 216, (2016), 373-380].

Tabnuua 2. XapakTepucTuku cMecu noMeTa 40 1 Nocne rapoTepManbHoi kapGoHU3aLmm

Matepuan CopaepxaHue KOMNOHEHTOB

C, % H, % N, % S, % 02, % | 3ona, | Huswa

% A

Tennor
a

cropas
us

MOx/

Kr

UcxoaHan 42,22 5,59 - - 30,96 16,37 17,18
6uomacca
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Mapokoke 49,83 4,45 - - 3,22 37,69 22,46
nocrie
rmapoTepMarnbsH
o
kapboHu3auuu
npu
Temneparype
480 °C B
Tevyenne 300
MWUHYT

ConocTaBneHue AaHHbIX, NPeACTaBNeHHbIX B Tabnuuax 1 v 2, No3BoMseT yTeepKaaTs,
4TO npensioxeHHbI MeToa o6paboTkv Guomacchl B KUNSLWEM Crioe B cpeae Neperperoro
BOASHOrO napa MosBONAT NOMYYNTL MMAPOKOKC MPUMEPHO TaKoro Xe KayecTsa, kak U npu
TepMUieckoi obpaboTke METOAOM rvapoTepManbHONl KapGoHU3aLmMM, NP 3TOM YCKOPUTH
npouecc B 30 pa3 no CPaBHEHWMIO W3BECTHLIM BAPWUAHTOM PEanu3aLuMu rUAPOTEPMAnbHON
kapGoHusaumen, ¢ obecneueHneM HenpepbIBHOCTM Npouecca KapGoHM3auUMU W NOBLILIEHUEM
3HeproappekTUBHOCTH 3a CHET MCNONbL3OBaHUA OTPaBOTaHHOrO BOASHOTO Napa.
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®OPMYJIA UBOEPETEHUSA
1. Cnocob BnaxHomn ToppecukaLum (xapBoHusauunm) Guomaccsl, BKIIOYAIOLWIA
(a) BbICyLlUMBaHUE BroMacchl;
(6) nsmensyeHune Guomaccs!;

(B) 0OpaboTky BbLICYWIEHHOW U W3MEnbYyeHHON GUoMAaCcCh neperpeTbiM BOASHLIM NapoM C
WU36bITOYHBIM [aBNEeHEM B PeakTope C KUNSILLMM CHOEM C nony4yeHvem TepmMoobpaboTaHHbIX
4acTuL Buomaccel U OTpaboTaHHOTO BOASHOTO Napa, fae TepMooGpaGoTaHHbie YacTULbI
Gromacchl HenpepbIBHO BBIHOCATCA M3 peakTopa BMECTe ¢ NOTOKOM oTpaboTaHHOro BOASHOro
napa;

(r) paspeneHne TepmoobpaboTaHHbIX yacTuubl Guomaccel u oTpaboTaHHOro BOASIHOMO napa;
npuyem

- Guomaccy sarpyxaioT B peaktop HenpepbIBHO;
- o6pabotky Guomacchl ocylecTensoT npu Temneparype He Bbiwe 300 °C;

- BbICyllMBaHWe GMoMacchl OCYLIEeCTBAAIOT 3a cYeT Tenna 0oTpaboTaHHOro BOASIHOrO
napa, OTAeneHHoro Ha craguu (r);

- U3MernbyeHne GuOMacchl OCYWECTBASIOT A0 YacTUL TaKoro pasmepa, 4Tobbl ux
CKOPOCTb BUTaHUst nocne notepu yactuuamu 40-50 % maccul 6bina B 2-3 pasa 6Gonbiue
MWUHUManNbHON CKOPOCTM NCEBAOOKMKEHNUA YaCTUL GUOMACCH!;

- neperpeTbii BOASHOW Nap NOAAT B peakTop C Takum pacxoAoM, 4To6bl CKOPOCTb
napa B peakTope, OTHECEHHasi K Ce4YeHUIo NyCToro peaktopa, Gbina He 6onee Yem B 1,5 pasa
BbilLE MUHUManNbHOW CKOPOCTU NCEBAOOXKMKEHUS YacTUL GMOMAacCh.

2. Cnoco6 no n. 1, OTANYAIOWMINCA TeM, YTO BOASHOM Nap ¢ U3bbLITOYHLIM AaBnexnem ot 0,05
Ao 0,1 MMa nepep nopayeit B peaktop neperpesaloT 4o TeMnepaTypbl oT 275 go 300 °C.

3. Cnoco6 no n. 1, oTAMYaIOWKIACA TeM, YTO Gromaccy BLICYLIMBAIOT 40 BNAXHOCTU He Bonee
20%, BbicywuvBaHue 6Guomacchi OCYWeCTBNAIOT B BaKyyMHOW CYWWUNKE U WU3MeNnbuyeHue
Bruomaccel ocyuwiecTensior go yactuy pasmepom 0,4 — 1,1 mm.

4. Cnoco6 no n. 1, oTnMYalOWMWIACA TeM, YTO ucxopHas Guomacca BbiGpaHa M3 rpynnbl,
BKITIOYAIOWEN NTUYUIA NOMET, CMeCh MTUYLErO NOMETa U OMMMOK, CMECh NTUYBLEro NoMeTa W
CONOMbI, UN OYUCTHBIX COOPYXEHWI, APEBECHbIE OTXO/bI, NMY3ry NPOCa, MOACONHEYHUK, puc.

5. Cnoco6 no n. 1, oTnUvalOWMItCA TeM, YTo NpoAoMKUTENbHOCTL 06paboTkn GuoMaceel Ha
CTagum (B) He npesbiwaeT 10 MUH.
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durypa 3. BHelHui BUA ncxogHoi 6uomaces
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