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1. Opep>kaHHS BOJHIO 3 LIEJI0JI030BMiCHOI CUPDOBUHU

2. Obtaining hydrogen from cellulose-containing raw materials

Pedepar:

1. Inceprarlist pUCBAY€HA HAYKOBO-TEXHIYHMM OCHOBAM TE€XHOJIOTii (pepMeHTali CiZIbChKOTOCMOAAPChKUX BiIXOiB

3 OTPUMAHHSIM BOJIHIO. B nuceprauiiiHiii po6oTi 6ys10 BunieHo epeKTUBHY acoliallilo MiKpoOpraHi3miB-
IeCTPYKTOPIB 11€JII0JIO3U Ta IPOAYLEHTIB BOJHIO. 32 OCHOBY B3SITO IPUPOJHY aCOLliallif0o MiKpDOOPraHi3MiB 3 I'PYHTY,
1110 3MEHIIye BMICT B acoljalii KOHCYMEHTIiB BOJHIO — CyJb(paTpeayKylounx MiKpoopraHiaMiB, B IOPiBHSIHHI 3
IPUPOJHMMU ACOLiaLiIMU 3 MYJly Ta IPOTOYHUX BOJOMM. B po6OTi €KCIEPUMEHTAILHO BU3HAUEHO, IO AJIS
3HEIIKOKEHHS METaHOYTBOPIOIOYNX MIKPOOPraHi3MiB HEOOXiIHO IPOBOIUTY TEMIIEPATypHY OOPOOKY iHOKYJIATY
npu t = 90°C nporsarom 1 ropuHu. 3a jaHoi 06po6ku MikpoopraHizmu pogis Clostridium ta Bacillus yrBoprotoTh
CIIOpPH, 110 IPOPOCTAIOTh BXKe 32 2 [AHi 3a CIIPUSTINBUX YMOB. Bu3HaueHo, o foJaTKOBe 36aradyeHHs acoujallii
mikpoopranizmamu pogis Clostridiut Ta Bacillus npusBoguTh 10 36iyblI€HHS] BUXO[ly BOJHIO B IOPiBHSIHHI 3

BUXiJJHOIO acouiauieto. [Ipy yoMy BMiCT BOIHIO B 6iorasi 3aj1e>XXKUTh Bif KiJIbKOCTI Ta CIIiBBiZIHOLIEHHS



MiKpOOPraHi3MiB, O JOJAI0ThCS. BCTaHOBIEHO, IO 306arayeHHs acouialii KyJIbTypamMu MiKpPOOPraHi3miB pomiB
Clostridium Ta Bacillus y cniBBigHOmeHHi 1:2,5 ae MOXUINBICTD 3611bIINTY BUXIiL BOAHIO B 2,3 pa3u. BusHaueHo
pauioHasbHUI METOJ NonepesHboi 00podku cupoBuHH (3 rog, 20% NaOH) 1m0 103BoJIsI€ MiJBUIIUTY BUXIJ, BOJHIO Y
3 pa3su. JIyr e(peKTUBHO BUAAJISE JIirHiH 3 6ioMacy, IOKpallye AOCTYIHICTb LeJII0JI03H1 Ta 30i/bliye IOy afcopoLis
cy6cTpaTy 1151 MiKpOOpraHi3miB. B nucepraliiiniii po60Ti HaBeJleHO MaTeMAaTUYHUI OMKC NIPOAYKyBaHHS 6iorady
3aJIe>XKHO Bif 3HaueHHs pH Ta KoHLeHTpallii cyocTparty, 1o J03B0JIsiE MOZEI0BATH LOBIIbHUI XapaKTep NpoLecy i
BU3HAYaTH ONTHMAaJIbHI YMOBU NPOYKYBaHHS BOLHIO B 3aJIEXKHOCTI Bifi BMiHHUX ITapaMeTpiB Ipoliecy. BuzHayeHo
OCHOBHi T€XHOJIOTIYHI IapaMeTpu IIpoLecy GpepMeHTallii LeI10JI030BMiCHOI CHPOBUHU 3 IPOYyKYBAaHHSM BOJHIO:
Temrepatypa npouecy - 35°C, pH - 7 - 7,5, koHieHTpaLisi cupoBuHH - 50 + 5 r/nM3, CIiBBiIHOLIEHHS {HOKYJISATY 1O
cy6cTpary 1:4, nocTiiiHe BifjBe[leHHs BOJHIO 3 30HU (pepMeHTallii, 1110 103BOJIsSI€ Ofep>KaTu 6ioras 3 BMiCTOM BOJHIO
87,5+4,2%.

2. Thesis are devoted to scientific and technical bases of fermentation agricultural waste with obtaining hydrogen.
In the research an effective association of microorganisms - cellulose destructors and hydrogen producers has
been isolated. Natural microbial association from the soil has been taken as a basis, as it contains a reduced
amount of hydrogen consumers - sulfate-reducing microorganisms, compared to natural associations from the silt
and from the flowing body of water. It has been experimentally determined that to neutralize methane-producing
microorganisms it is necessary to carry out heat treatment of the inoculum at t = 90°C for 1 hour. Under this
treatment, microorganisms of the genera Clostridium and Bacillus form spores that germinate in 2 days under
favorable conditions. It has been determined that additional enrichment of the microbial association of
Clostridium and Bacillus genera leads to an increase in hydrogen yield compared to the original association.
Moreover, hydrogen content in biogas depends on the number and ratio of microorganisms added. It has been
established that enrichment of the microbial association by the microbial culture of Clostridium and Bacillus
genera at the ratio 1:2.5 increases hydrogen yield by 2.3 times. This is due to the fact that for the optimal viability of
the microorganisms of Clostridium genus, a completely anaerobic environment is required. And the
microorganisms of Bacillus genus require presence of a certain amount of oxygen. If the number of
microorganisms of Bacillus genus is insufficient, a certain amount of oxygen remains in the gas phase and the
optimal environmental conditions for the development of Clostridium are not be reached. This in turn reduces
their enzymatic activity, which leads to a reduction in hydrogen yield. A rational method of raw materials pre-
treatment has been determined (3h, 20% NaOH); it allows to increase hydrogen yield by 3 times. The alkali
effectively removes lignin from biomass, improves cellulose availability and increases the adsorption area of
substrate for the microorganisms. The thesis proposes a mathematical description of biogas production depending
on the pH value and substrate concentration; it allows to model an arbitrary nature of the process and determine
the optimal conditions for hydrogen production depending on the variable parameters of the process. The main
technological parameters of cellulose-containing raw materials fermentation process with hydrogen production
have been determined: process temperature - 35°C, pH - 7-7.5, raw material concentration - 50 + 5 g / dm3,
inoculum to substrate ratio - 1:4, constant removal of hydrogen from the fermentation zone. This allows to obtain
biogas with hydrogen content of 87.5 + 4.2%.
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