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OCOBJIMBOCTI TEXHOJIOTII BAPOBHUIITBA MAJIMBHUX MEJET
I3 JEPEBUHMU JTUCTAHUX ITOPIJ

Anomayis. Y ctarTi po3misiHyTO (hi3MKO-MEXaHIYHI BIACTUBOCTI MAJMBHUX IEJeT, BUTOTOBICHUX 13 JIEPEBUHU
JIMCTSHUX TOPiJl. YCTaHOBIIEHO, IO 3aCTOCYBAaHHS Takol CHPOBUHH 0e3 H0AaTKOBOi 00poOKH € Manoe(eKTHBHUM,
OCKIJTbKM OTPUMAaHI TPaHyIH XapaKTepH3yIOThCS HENOCTaTHBOIO MIIHICTIO. [ yCyHEHHS BOTO HEOMIKY BHKO-
PHCTaHO ToTIepeiHe 00pOOIIeHHS MOAPiIOHEHOT AepeBUHN HacCH4IEHO0 naporo. [IpoBeneHi mpomMucioBi BUpOOyBaH-
HSI ITLITBEP/IMIIN, 110 TaKa aKTHBAllis 3a0e3reuye OTpUMAaHHS MeJIeT, SIK1 BiINOBIIal0Th BUMOTAM CTaHJIAPTIB SIKOCTI.
TexHoMOTri4HOI0 0COONMBICTIO MPOLIECY € BUKOPUCTAHHS MATPHUIIL 3 JOBKHUHOIO IPECYBAIBHOTO KaHamy 33 MM.

Knrouosi cnoga: menety, ManuBHi TPaHyIly, AEPEBUHA, IPaHYIIOBaHHS, MATPHULIS, IPECYBAIbHUN KaHal, yIIilb-
HEHHSI, T1apa.

Ilocmanoska npobnemu. 11lanuBHI MeIeTH — 1€ €KOJIOTIYHO YKCTe 010MaJMBO Y BUIVIII IIMIIIH-
JIPUYHUX TPaHyJl, BUTOTOBJICHHX 13 MOAPIOHEHUX EPEBHUX BiAXoAiB. BupoOHUITBO mener i3 aepe-
BHHU JIMCTSHUX TIOPi Ma€e CBOT 0COOIMBOCTI, SIKi BIUTMBAIOTh HA SIKICTh KIHI[EBOTO MIPOIYKTY, CHEPTO-
e(heKTUBHICTh MPOIIECY Ta HOr0 EKOHOMIYHY BUTOAy. Hukue ommcaHo KIIFOYOB1 aCTIEKTH TEXHOJOTI]
BUPOOHUIITBA TEJIET 13 JIUCTSAHUX MOPiJT JCPEBUHU.

[Ipouiec rpanymroBaHHS 0a3y€eThCS HA MOEMHAHHI (DI3MKO-XIMIYHMX SIBHII, IO BiIOYyBalOTHCS
B MopiOHEHIH nepeBuHi miJ 4ac npecyBaHHs. OCHOBHY pOJb BiAIrpalOTh TaKi YNHHUKH: BOJOTICTh
CHPOBHHH, TEMIIEPATypa TPaHyIIOBaHH, TUCK Y 30HI IPECYBaHHS Ta TPUBAIICTH 0OPOOKH.

KitouoBrM KOMIIOHEHTOM JIEPEBHHHU € JIITHIH, SIKUH Mif J1€0 BUCOKOI TEeMIIEpaTypH Ta TUCKY
PO3M’SIKIIYETHCS Ta BUKOHYE (YHKIIIO MPUPOIHOTO KIICKO, 32a0€3MeUyrouu aare3iiftHi 3B’ sI3KH Mk
JacTHHKaMH. | eMilemntonosu mia yac HarpiBanHs 10 temneparypu 100-120°C yTBOpIOIOTH BHCO-
KOMOJICKYJISIPHI 3’ €THaHHSA, SIKI TOJATKOBO 3MIIHIOIOTH CTPYKTYPY TpaHyll. BonoricTs € KpuTHYHO
BOXJIMBUM MapaMETPOM: 32 HaJMIPHOI BOJIOTH TpaHyNM BTpadaroTh Gopmy, a 3a ii gediuuty morip-
HIYEThCA TUIACTHYHICTh MaTepiany. OnTUManbHUAN piBeHb CTAaHOBUTH 8—12%.

[IpomnaproBaHHs epEBUHH TIEPE TPAHYITIOBAHHIM MOCHIIIOE AKTHBHICTh XIMIYHUX KOMITOHEHTIB,
CTBOPIOE HOBI (PYHKIIOHAIBHI TPYIIU Ta CIpHUs€ PIBHOMIpHOMY po3nofiry Bonoru. Lle 3abe3neuye
YTBOPEHHS OLIBII MIIJTFHUX Ta MEXaHIYHO CTIHKUX TPaHYN HABITh 13 JINCTSIHOT CHPOBUHH, sSIKa Y TPH-
POIHOMY CTaHI Ma€ HIDKYY 3[aTHICTH JIO MPECyBaHHs. 3a JaHUMU €BpOIEHChKol 0i0eHepreTHYHOT
acoriarii, ume B kpaiHax €C mopiune BUpoOHUIITBO menet nepepuirye 20 MiaH T. HaliGinpmmmu
BupoOHuKaMu € Himeuuuna, [lIBenis, [Tonbmia, ABcTpis Ta kpainu banTtii. ¥ mux gep:kaBax meietu
IIMPOKO BUKOPUCTOBYIOTHCS HE JIUILIE Y TPOMHCIIOBOCTI, a i y TOOYTOBOMY CEKTOP1, OCKUIbKHY Cy4acHi
KOTJIM Ha TpaHysiax 3a0e3neuyroTh BUCOKUN Koe(illieHT KOPUCHOT J1ii Ta HU3bKHH PIBEHb HIKiITUBUX
BHUKH/IIB.

Oco0nuBy yBary B €BpOIEHCHKIN MPAKTUI MPUAUISIOTh BUKOPUCTAHHIO JIEPEBHHU JHCTSIHUX
MOpi1, a/pKe 3aracy XBOHHMX JTiciB 00MeKeH1 i HoTpeOyIoTh pallioHaIbHOrO BUKOprcTaHHs. Y CkaH-
JMHABIT MOIIUPEHOIO € TEXHOJIOT1sI MPONAPIOBAHHS ACPEBUHH IS MiABUILEHHS 11 MJIACTUYHUX BIIAC-
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TUBOCTEH, 1110 Ja€ 3MOT'Y BUTOTOBJISITH IpaHyiu 3 Oepe3u Ta ocuku. Y ABcTpii Ta HiMequnHi akTUBHO
JOCIIDKYIOTh 3MilIaH1 BUIU Ol0nanuBa, /1€ JIUCTSAHA IePEBUHA MMOETHYETHCS 3 arpoBLIXoaamMu (JTyI-
MUHHSAM COHSILIHUKY, COJIOMOIO, JYIIIMUHHSAM 3€PHOBUX KYJIbTYyp). Takuil miaxix Aa€e MOXIHUBICTbH
OTPUMATH TPAHYJIH 3 MOJIMIICHAMH BIACTHBOCTSIMH Ta 3MEHIIUTH COO1BapTICTh X BUPOOHHIITBA.

CyuacHuil po3BUTOK NMaJTUBHO-EHEPTETUYHOTO KOMILJIEKCY YKpaiHU TICHO MOB’sI3aHUM 13 BUKOPHC-
TaHHSM B1JIHOBJIIOBaHUX Ta €KOJIOT1YHO Oe3neyHuX pecypciB. OQHUM 13 HAWOUIbII JOCTYIHUX JIXKe-
pen € BIIXoau JepeBooOpOOKU Ta JIICO3aroTiBil, SIKI XapaKTepU3yIOThCS BHCOKOIO TEIIOTBOPHOIO
3JaTHICTIO.

[lepcieKTUBHMM HaNpsSMOM iX 3aCTOCYBAaHHS € BUPOOHUIITBO MPECOBAHUX O10MaIMBHUX Marepi-
aiiB, 30Kpema meneT. PUHOK 11bOro BUy MasliBa aKTUBHO 3POCTAE, a MOMUT 30UIbIIY€ETHCS B KUTbKA
pa3ziB mopoky. TpaauiiiHO y TEXHOJIOTISIX BUTOTOBJIEHHS I€JI€T BUKOPUCTOBYIOTh I€PEBUHY XBOM-
HUX TOPIJ, IO € IIIHHOO Ta Ae(IIUTHOI CHPOBUHOIO TSI IEPEBOOOPOOHOT MPOMHUCIOBOCTI. YHACII-
JIOK LIOTO 11 3aI1acy HEBIMHHO CKOPOUYIOTHCS, 110 CTUMYJIIOE MOIIYK ajnbTepHaTuB. OHUM 13 pillIeHb
€ 3aJy4YeHHs] MaJIOBapTICHOI Ta HEOCTaTHbO 3aTpeOyBaHOl y MPOMUCIOBOCTI JEPEBUHU JTUCTSIHUX
MOPII.

Oco0nuBOCTI NENET 13 TUCTIHUX MOPIA:

— BHCOKa TEIUIOTBOPHA 3[aTHICTh: MEJIETH 3 JIUCTAHUX MOPiA (Hampukiaj, 1yda uyu Oyka) MaroTh
TEIUIOTBOPHICTH 5,4 KBT roa/Kr, 1110 MOPIBHIHO 3 BYT'ULJISM MEPEBUIIYE MOKa3HUKU XBOMHUX MOPiA
(4,5-5 xBT'ron/kr);

— KOJIIp 1 30BHILIHIN BUIVISL: MEJETH 3 JINCTIHUX MOP1JT MOXKYTh OyTH TEMHIIIMMHU (KaBOBUI a0
KOPUYHEBHH BIATIHOK) Uyepe3 3MillyBaHHS MOpiJ ad0 3aIMILIKOBY KOpY, 110 1HOA1 BUKIIMKAE yIepea-
YKEHHsI y CIIOKMBAYiB, X04a He BIUIMBAE Ha SKICTh 3a HassBHOCTI cepTudikariB (ENplus A1/A2);

— EKOJIOT1YHICTh: MEeJIeTH 3 JIUCTSIHUX MOP1J HE MICTATh XIMIYHUX JOOABOK, MalOTh HU3bKY EMICIIO
CO: 1 BBaXKalOThCSl BYIVIELIEBO HEHUTPAJIbHUM MaJIMBOM; NMPoOIeMHU BUPOOHHUIITBA: Yepe3 TBEPHIICTh
JIEPEBUHHU Ta HIKYMH YMICT JIITHIHY MEJIETH 3 JTUCTSIHUX MOP1A CKIAJHIIIE IPeCcyBaTH, 10 MiABUILYE
BUTpaTU Ha oONaJHaHHS Ta eHeprito. YacTo BUKOPUCTOBYIOTH cyMimn XBOHHUX (70%) 1 1uCTAHUX
MOP1J AJIsl TIOJIETHICHHSI TPAHYIIOBAHHS.

Amnanis ocmannix 0ocniodxcens. Y CBITOBIM MPAKTHII TPUBAIOTH IHTEHCUBHI MOLITYKH TEXHOJOTIH,
K1 3a0€31e4yI0Th OJIepKaHHs SKICHOTO, €KOJIOTTYHOTO Ta BIIHOCHO JemieBoro naiusa. [lepepoOka
B1JIXO/IIB Ma€ 3[1HCHIOBATHUCS 3 ypaxyBaHHSIM KOMIUIEKCHOTO BUKOPUCTAHHSI CHPOBHHH Ta BUMOT €KO-
JoriyHoi 6e3nexu. biomanuBo, oTpuMaHe NUISIXOM T'paHY/IIOBaHHS YM OpUKETYBaHHS BIIXOMIB, Bij-
MoBiAae UM Kputepism. s bOTro 3aCTOCOBYIOTH MOMEPEIHE COPTYBAHHS, NOAPIOHEHHS Ta MiAro-
TOBKY MaTepiajly Ha CTeIiali30BaHUX CMITTECOPTYBAITBHUX KOMIUIEKCAX.

Dopmyniosanun memu cmammi (nocmanoska 3ae0anisi). OCKITbKH (PI3UKO-MEXaHIuHI BIACTH-
BOCTI JIEPEBHOI CHPOBUHU 3HAYHOIO MIPOI0 BHU3HAYAIOTH SIKICTH TOTOBOTO OiOmainBa, JOIUIBHUM
€ JIOCIIKEHHS MapaMeTpiB HMaJMBHUX TPaHyJ, BUTOTOBJIEHUX 13 I€PEBUHM JIMCTIHUX MOPIJ, Ta iX
MOPIBHSIHHS 3 MEJIeTaMHU 13 XBOMHUX HOP1J, 30KkpeMa cocHU. JliTepaTypHi JKepena MiATBEPIKYIOTb,
110 MOP(QOJIOTIYHI Ta CTPYKTYPHI XapaKTEPUCTUKU JIEPEBUHH CYTTEBO BIAPI3HAIOTHCS HE JIMIIE MK
JUCTSHUMH 1 XBOWHUMU TIOPOJIaMHU, a 1 y MekKaX OKPEeMHX BUIB.

OcHnosna yacmuna. JIna excrnepuMmeHTy Oyiau BUTOTOBJICHI ManuBHI menetu 3 Oepesu (Betula
verrucosa Ehrh), Binbxu (Alnus glutinosa (L.) Gaertn) ta cocan (Pinus silvestris L.). [Ipormec rpany-
JOBaHHS 311KcHIOBaBCs 3a Temrneparypu 110°C 1 TpuBanocti npecyBaHHs 15 xB. Bonoricts BUXigHOi
cupoBuHU ctaHoBuia 8—11%, BukopucroByBanacs gpakiis 1,0-3,0 mm. OX0n01KeHHS TpaHyI Mpo-
Boamiocs no remneparypu 20°C. Byno Bu3Ha4eHO 0CHOBHI (Pi3UKO-MEXaHIuHI XapaKTePUCTUKH: BOJIO-
TICTbh, 30JIbHICTb, IIUJIBHICTh, HH)KUY TEIUIOTY 3TOPSIHHS Ta MIIHICTh Ha CTUCK. OTpHUMaH1 pe3y/lbTaTH
CBIJI4aTh, 1110 TEIJIOTA 3TOPSHHS HEJET 13 PI3HUX MOP1A KONMBaeThes B Mexax 17,49-18,43 MJDx/kr,
TOOTO € IUJTKOM CITBCTaBHOI0. OIHAK 30JIBHICTB JIUCTSHOI IEPEBUHU B CEPEAHHOMY B 3,5 pa3u BUIIIa,
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HIXK Y XBoiHOI. He3Baxatouu Ha 11e, yTBOpeHa 30J1a MoXke OyTH BUKOpUCTaHa sIK J00pHuBO. MIilHICTh
TeJseT 13 BUIbXU Ta Oepes3u BUsBUIIAacsS HUK4O0I0 Ha 11-18% mopiBHAHO 3 aHAJIOraMH 13 COCHHU.

[I{o6 migBUIIWTH MEXaHIYHY CTIWKICTh, 3aCTOCYBajud OOpOOKY JEpPEBMHU HACHUUYEHOIO Mapolo.
Takuil miaxig 1aB 3MOTy aKTUBYBAaTH XIMI4HI KOMIIOHEHTH KJIITHMHHOI CTPYKTYPH, MOCHUIUTH ajre-
31iH1 3B’SI3KM W 30UTBIIMTH KUTBKICTh BHCOKOMOJIEKYJIIPHUX CITOJIYK, HacamIepea TeMillelTomo3.
VY pe3ynbrari TpaHyiiv 3 TUCTSHOI CHPOBUHU 32 MIITHICTIO CTAJIA CIIBCTABHUMU 3 TIEJIETAMU 13 COCHH.
['panynu BUTOTOBIISIIN Y BUDTISAL HMTIHAPIB AoBkHHOKO 10-30 MM Ta giamerpom 6 MMm. OnTuMaiibHa
KoMITO3HIis BKItowana 35% Oepesu, 20% Bimbxu, 40% ocuku ta 5% cocHu. [ToBHMIT BUpOOHUIHIA
[UKJI BKJTIOYAE: pyOanbHy MallIuHy, TOApIOHIOBaY, MITMH, CYIIWILHY YCTAaHOBKY, TPEC-TPAHYIISATOD 13
M0JJau€0 HACMYEHO1 Mapu, OXOJIOKYBAJIbHY KOJIOHKY Ta 00JaJHaHHA JUIsl NMaKyBaHHS. Baxinporo
TEXHIYHOIO OCOOJIMBICTIO € BUKOPHUCTAHHS MAaTPHIIl 3 TPECYyBATBHUM KaHAJIOM 33 MM, 110 Ja€ 3MOTY
3MEHIIUTH €HEPrOCHOXKUBaHHS Ta 3a0e3neuye ONTUMAIbHUN PEKUM IPaHYIIOBAHHS Ul JTUCTSIHOI
nepeBuHU. J{ocimKkeHHs ToKas3alid, Mo OTPUMaHi MeJeTH BIAMOBIIaI0Th BUMOTaM 3a MOKa3HUKAMHU
TETJIOTBOPHOCTI, ITIJILHOCTI Ta MIITHOCTI. J{e1110 miiBHIIIeHa 30JIbHICTh 3AJIUIIAETHCS Y MEKaX J0ITyC-
TUMUX HOPM.

OpnHUM 13 TOJIOBHUX YMHHMKIB PO3BUTKY PUHKY IEJET € IX eKOHOMIYHa MpUBa0JIMBICTh. 3a po3-
paxyHKamH, TEeIJIoTa 3ropsiHHs 1 T mesieT cTaHoBUTH y cepeauboMy 17,5—18,5 MJx/Kr, 1m0 ekBiBa-
neHTHo npubauzHo 500-550 kr kam’stHOrO Byruwis. [Ipu iboMy co6iBapTiCTh BUPOOHMIITBA MENET 13
JUCTSHUX TIOP1JI € 3HAYHO HMKIO0, OCKUTBKY TaKa JIEPeBMHA MEHIII I[IHHA HA PUHKY J1€pPEBOOOPOOKH.

Hanpuxian, cobiBapTicTs BUTOTOBIIEHHS 1 T rpaHyin 13 cocHU Moke OyTu Ha 15-20% BuILIOI0, HIXK
13 6epesu a0o BUIbXU. J|01aTKOBUM YMHHUKOM €KOHOMIi € CKOPOUEHHS BUTPAT Ha yTHJII3a1lii0 BIAXO-
JiB 1€peBOOOPOOHMX MIANPUEMCTB, aJ[’KE BOHU MEPETBOPIOIOTHCS HA IIIHHUI €HePreTUYHMI pecypc.

Excnopt nener g0 kpain €C € nepceKTUBHUM HanpsMoM JUIsl YKpaiHH, OCKUTBKU MOIUT Ha 010-
MaJMBO TaM CTabUIbHO 3pocTae. 3a yMOBH MPaBUIILHOI OpraHi3aliii BUpOOHUIITBA YKPATHCHKI MiAMPH-
€MCTBAa MOXKYTh OTPUMATH 3Ha4HI €EKOHOMIYH1 BUTOJY, OTHOYACHO CIIPHUSIOUN €HEepreTUUHIN Oe3mneri
JepKaBU.

Takum 4YMHOM, TEXHOJIOT1sI BUPOOHUIITBA MENET 13 IePEeBUHH JUCTIHUX MOPI1J] € MEPCIEKTUBHOIO
SIK 3 €KOHOMIYHOTO, TaK 1 3 €KOJIOTIYHOTO MOMISAY, a 11 BOPOBaPKEHHS BIJIOB1/Ia€ CBITOBUM TE€H/ICH-
LISIM PO3BUTKY B1JIHOBJIIOBAHOI €HEPTETHKHU.

Cepenns Terora 3ropsiHHs nenet ctaHoBuTh QH = 18,0 MJIx/kr. ¥V mepepaxynky Ha kBT rox:
1 MJIx = 0,2778 kBr'romr — Qu = 18,0 - 0,2778 = 5,0 kBt ron/kr. O1xe, 1 T meneT mae GIM3BKO
5000 kBt Tron eneprii.

ExBiBasnieHT kam’siHOro Byrumis. CepeaHsl TeIIOTa 3rOpsHHS KaM’ sHOTO BYTUJUIS CTaHOBUTH
25 M]JIx/kr. Otpumani 18 MJx/kr nenet ekBiBaneHnTH1 ~ 0,72 kr Byruuisa. Takum ynHOM, | T menet
3aMiHIO€ TPUOIN3HO 720 KT BYTrULIs.

[inbHicTh Ta MiHICTE. CepeHs HacUITHA MIUIBHICTH nieneT — p = 1200 kr/m>. O6’em 1 T mener
ctaHoBuTh V =m/p = 1000 / 1200 = 0,83 m>. MiUHICTh NeNET Micis MPONapIOBaHHS IMiJIBULY€THCS
Ha ~15-20% mopiBHSHO 3 HEOOPOOIEHOIO CHPOBUHOIO.

Exonomiunuii po3paxyHok. CoGiBapticTs 1 T nenet 13 cocHu ymMmoBHO ctaHoBUTH 120 €. CobiBap-
TICTh 13 Oepe3u uu BUIbXxH Ha 15% Huxua, T00TO Gnn3bko 102 €. O1xe, eKkOHOMIsI CTAaHOBUTD ~18 €
Ha KOKHIM TOHHI.

VY nporeci nociiikeHb 0ylI0 TaKOXK PO3MISHYTO BIUIMB KOHCTPYKTUBHHX Ta TEXHOJIOTTYHHUX Mapa-
METPIB TPaHyIIOBaHHS Ha SKICTb OTPUMAHUX IEJIET.

1. BruB piametpa marpuii. 31 30UIbIIEHHSIM JlaMeTpa TpaHyl i3 6 MM 10 8 MM LIIIBHICTh 3MEH-
uryeThest Ha 5—7%, OCKUIBKH 3pOCTa€e 00’ €MHA MOPUCTICTh Marepiainy. ONTUMaIbHUM JJIS JINCTSHUX
MOP1J] 3aJIMIIAETHCS AlaMeTp 6 MM, 1110 3a0e3redye HauOIbIly MEXaHIYHY MIIHICTh Ta CTa0UIbHICTD
poLecy.
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2. BruiuB TpuBanocTi mpecyBaHHs. 30UlbleHHS yacy mnpecyBaHHS 3 10 1o 20 XB mpu3BOAUTH
JI0 TMIABUIICHHS MIHOCTI meneT Ha 8—10%, ane mpu mboMy 3pOCTae €eHEepPrOBUTPATHICTH MPOIIECY.
ExkcriepuMeHTanbHO MiATBEPAKEHO, IO ONTUMAJIBLHUM € Yac IpecyBaHHS 15 xB, sxkuii 3abe3neuye
JOCTATHIO SIKICTh IPAaHyJ 32 MiHIMaJIbHUX BUTpAT.

3. IopiBHsiHHS 3 arpoBiaxoaamu. JIMCTAHA nepeBHMHA Ma€ HUKYUI YMICT JITHIHY, HDK XBOMHA,
MIPOTE BUTIJHO BIJIPI3HAETHCS B arpoBiAXOAIB (COJIOMM, JIYHIMUHHA COHAIIHUKY). Hanmpuknan,
TEIJIOTA 3TOPSIHHS COJIOMH CTAaHOBUTD OMM3bKO 14—15 MJIx/KT, Tomi sk menetr 3 6epesn ab0 BIITbXH —
17-18 MJx/kr. Lle poOuTh AepeBUHY TUCTIHUX MOP1J] OLIBII MPUAATHOO AJIi BAKOPUCTAHHS Y 100Y-
TOBUX KOTJIaxX 0€3 JOAAaTKOBUX MOIU(DIKAITIH.

4. EnepreTuuHuil po3paxyHOK i onajieHHs OyauHKy. CepeaHe CIOKMBaHHS Teruia OyIuHKOM
wioniero 100 mM? y 3umoBwHit niepiog ctraHoBuThH Onu3pko 15 000 kBT1-roa. 3a yMOBU BUKOPHCTAHHS
meseT 13 TerIoToro 3ropstHHs 5,0 kBT rog/kr motpioHo: m = 15000/ 5,0 =3000 kr = 3 T nenet. Takum
YUHOM, BUKOPUCTAHHS TIEJIET 13 JUCTSIHUX TOPIJ € €KOHOMIYHO JOUUIBHUM 1 Ja€ 3MOTY MOBHICTIO
3a0e3meunTH MoTpedn TOMOTOCTIOAApCTBA B TETLII.

Bucnoexu. IlpoBeneHi €KCIIEPUMEHTH MiJATBEPAMIN MOXIIMUBICTh MPAKTUYHOI 3aMIHU JOPOTHUX
1 1e(IUUTHUX XBOMHUX MOPiA Yy BUPOOHULTBI MENEeT ACIIEBIIUMH JIUCTIHUMU BHIaMu. Buxopuc-
TaHHS MONEePeaHbOI 00POOKM HACHYEHOIO Maporo 3a0e3neuye aKTHBYBaHHSI KOMIIOHEHTIB KJIITHHHOI
CTPYKTYPH, 3aBJSIKH YOMY TPaHyJIU 3 JIUCTSIHOI I€PEBUHU BIAMOBIAAIOTH CTAHAAPTHUM BUMOTaM J10
MIITHOCTI Ta TETJIOTBOPHOCTI. TakuM YMHOM, TEXHOJIOTIS 13 3aCTOCYBAHHIM JIMCTSHHUX TOP1J y TIOE-
HaHHI 3 MPOMAPIOBAHHSAM € MEPCIEKTUBHUM Ta €Heproe(eKTHUBHUM DIIIEHHSM JJis BUPOOHMIITBA
SKICHOTO O1l0manuBa.
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FEATURES OF THE TECHNOLOGY OF PRODUCTION OF FUEL PELLETS
FROM HARDWOOD

Summary

The article investigates the production technology of fuel pellets from hardwood, focusing on the physical and
mechanical properties of the resulting pellets. Hardwood species, such as oak, beech, birch, and ash, are widely used
as raw materials due to their availability as by-products of woodworking industries (sawdust, shavings, and chips)
and their high calorific value. However, the study reveals that producing pellets from hardwood without additional
processing is inefficient, as the pellets often exhibit insufficient mechanical strength and durability. This is primarily
due to the lower lignin content in hardwood (19-28% compared to 26-30% in softwood), which acts as a natural
binding agent during pelletization, and the higher hardness of hardwood, which complicates the pressing process.

To address these challenges, the proposed technology incorporates pre-treatment of the crushed hardwood with
saturated steam. This activation process enhances the plasticity of the wood particles, facilitating better bonding
during pelletization and improving the structural integrity of the pellets. Industrial tests have demonstrated that steam
pre-treatment enables the production of pellets that comply with international quality standards, such as ENplus A1l
and A2, which specify requirements for low ash content (0.3-0.5% for debarked hardwood), high calorific value
(approximately 5.4 kW-h/kg), and mechanical durability.

A key technological feature of the process is the use of a pelletizing matrix with a pressing channel length of
33 mm. This specific matrix design optimizes the compression process, ensuring uniform density and strength of
the pellets while minimizing energy consumption and equipment wear. The article also highlights the importance of
precise control over the moisture content of the raw material (8—12%) and the removal of bark to reduce ash content,
which is critical for producing high-quality pellets suitable for residential and industrial heating systems.

The production process involves several stages: sorting and cleaning the raw material to remove impurities,
grinding the wood to a fraction of 1-4 mm, drying to achieve optimal moisture levels, steam activation, pelletizing,
and cooling. Each stage is tailored to account for the specific properties of hardwood, such as its higher density and
hardness compared to softwood. The use of steam activation not only improves pellet quality but also reduces the
need for additional binding agents, maintaining the ecological purity of the final product.

The resulting pellets are characterized by high energy efficiency, low ash content, and carbon-neutral combustion,
making them an environmentally friendly alternative to fossil fuels. They are suitable for use in automated solid-fuel
boilers and bioenergy power plants. However, challenges such as higher energy consumption during grinding and
pressing, as well as the need for specialized equipment due to the hardness of hardwood, increase production costs
compared to pellets made from agricultural residues or softwood.
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In conclusion, the technology of producing fuel pellets from hardwood, enhanced by steam pre-treatment and
optimized matrix design, allows for the creation of high-quality, durable, and efficient biofuel. This approach addresses
the inherent limitations of hardwood as a raw material, ensuring compliance with stringent quality standards and
supporting sustainable energy production. The findings underscore the potential of hardwood pellets in meeting the
growing demand for renewable energy sources while promoting the efficient use of woodworking by-products.

Keywords: pellets, fuel pellets, wood, pelletizing, matrix, pressing channel, sealing, steam.
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