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The biohydrogen produced by dark fermentation generates a gaseous
mixture consisting mainly of H, (hydrogen) and CO, (carbon dioxide) and liquid
wastewater with significant amounts of volatile fatty acids. Therefore, subsequent
methods after the production stage should have at least two goals:

—hydrogen gas must be purified to be an effective feedstock in fuel cells;

— Effluent needs further treatment or use due to its residual and usable
organic matter, In fact, in order to improve the quality of biohydrogen, CO, must
be removed and converted into other bioproducts.

That is why the topic of dissertation work on obtaining environmentally
friendly and cheap hydrogen is definitely relevant.

The study aims to develop a model of hydrodynamics and mass transfer of
the gas separation process in integrated membrane bioreactors to provide thermal
power plants with environmentally friendly and high-calorie fuel.

In the thesis work of Kalassov Nurdaulet, the main hydrodynamic model of
horizontal flow of hydrogen and carbon dioxide mixtures through a porous
membrane in laminar mode was created, and the analytical calculation method of
the mass transfer coefficient was developed. As a result, it was observed that the
mass transfer coefficient decreases along the length of the channel, and the
thickness of the concentration polarization layer increases along the length of the
channel.

The stationary two-dimensional flow of a binary mixture of H, and CO, in a
channel bounded by two parallel membranes filled with spacers was solved using



¢ k-o turbulence model, capable of describing turbulence for small Reynolds
numbers and calculating near-wall turbulence without introducing special
functions. As a result, it was observed that due to mixing caused by the vortex
ehind the separators, concentration polarization leads to a thinning of the
thuckness of the boundary layer.

At the same time, using the hydrodynamic model, the average tangential
siress along the length of the membrane channel was obtained using the ANSYS
Fluent program, and due to the mixing caused by the vortex behind the spacers, it
was found that the average value of the Sherwood number in the case of spacers
= 1.5 times higher than in the case without spacers.

The work of Kalassov Nurdaulet has been published in two journals and
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As part of his Ph.D. work, Kalassov Nurdaulet has visited my laboratory at
the Institute of Chemical Engineering, and he has shown outstanding commitment
and hard work to do his research work, I was very pleased with his presence at
our laboratory.

In conclusion, the Ph.D. thesis presented by Kalassov Nurdaulet: Gas
separation in integrated membrane bioreactor to produce fuel used in
thermal power plants, presented for the degree of Doctor of Philosophy (Ph.D.)



contribution

PhD, Assoc. ProfessoryDefity, Director
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Mamanasirsl: «6D071700 - Kbl1y 3HereTukachb

Kapanrbl auibiTy HITHXKECiHje maiiza OoiFaH CyTek, Herizinen Hy (cyTek)
skone CO, (KOMIPKBIIKBUI Ta3bl) ra3 KOCMAChIH JKOHE alTapibIKTal MeJep/e
yiina mail KbilIKBUIAphl 6ap CYMbIK arbIHABI CyJapibl WbIFapabl. CoH/ibIKTaH
eHJIipic caThIChIHAH KeliHri oicTep KeM JereH/ie eKi MaKkcaTka ue 00J1ybl KEpEK:

e CyTeK ra3bIH OTHIH AeMEHTTepiHIe THIMII 6acTanKel MaTepual ooy YLLIiH
TazapTy Kepek;

—arblHIbl CYJIAp KalbIK XKoHe OpraHuKanblK 3arTapra OainaHbiCTbl OlaH api
oHeyni Hemece maipananynsl Kaker eremi. IlbiH MoHIHZe, CyTeK camachiH
sakcapty yiin CO; anbiHbIn, 6acka GroeHiMaEpre aifHaAbIPBLTY bl KEPEK.

CoHBIKTAH JKOJOTMSIBIK Ta3a JKOHE ap3aH cyTek ajiny OoMbIHLIA
JWCCEePTALMATIBIK KYMBICTBIH TAKBIPBIOBI CO3CI3 ©3eKTi OOMBII Ta0bIIaIbL.

3epTTeyiH MaKCaThl - JKBUTY JHEPTeTHUKAIBIK KOHBIPFBICBIH JKOJOTUSIIBIK
Ta3a JKOHE JKOFAPBI KaJOPHSIIBI OTHIHMEH KaMTamachl3 eTy YIUiH, WHTerpaibiK
mMeMOpaHanbIK OuopeaKTopJap/arhl razaap/bl Oeny NpoLeciHiH
PUAPOIMHAMUKANIBIK KIHE MAcca TachiMajijiay MOJIEIIH KypacThipy.

Kanacos HypaoyneTTiH JAMccepTalMsalIbIK  JKYMBICBIHAA, CYTEK JKIHE
KOMIpKbIILIKbIT ra3 KOCHanapblHbIH KeYeKTi MeMOpaHa apKblilbl KOJIAEHEH afblHHbIH
MAMHHApIIbl PEKMMAE HErisri THAPOAMHAMHMKA/IBIK MOJENi JKacasbill, Macca
TachiMaIIay KOI(Q(HUIMEHTIHIH aHATUTUKAIBIK €CernTey MICTeMECi J3ipIIeHICH.
Horwkecinme KaHan Y3BIHABIFEI GOMBIHIIA Macca TackMaliay KodpouimeHti
TOMEH/EHTIHI, an KaHajl Y3bIH/bIFbl OOMbIHIIA KOHIEHTPALUAIBIK MOIAPH3ALM
KabaThIHbIH KAJIbIHIBIFBI JKOFAPbUIAaNTBIHbI OalKaslFaH.



Apanblk  GenriliTepMeH TOATHIPbUIFAH €Ki napamienb MemOpaHameH
luekTenren KaxHanaarb!l Hy sxene CO, GUHApIBIK KOCMIACHIHBIH CTALMOHAPIBIK €Ki
oJIIeMAi arbitbl, PeHHOMbACTIH TOMeH MaHep] YiLiH TypOyIeHTTiNiKTi cuaTTayra
JKOHE apHalibl (QYHKLMANAPIBI eHri30ecTeH KaObIprara JKaKbIH TYpOYJIEHTTIIIKTI
ecenteyre kabinerri k-o TypGyneHTTi MomeniHiH Kkemerimen LIemii.
Homikecinzne, apansik Genrimrepmin aprbinma KYMBIHHBIH 9cepiHeH maiiga
OomateiH  apanacyra  GalmaHbBICTEI, KOHLUCHTPALMSUIBIK  TOISAPH3ALUSIIBIK
LIeKapajIbIK KabaT KalbIHAbIFBIHBIH JKYKaPaThIHABIFG] AHBIKTAFaH.

I'naponunamukansik monens kemerimen ANSYS Fluent Oarpapiamacs!
apKbIJIbl MEMOpaHAITBIK KaHAT Y3BIHBIFBI GOIbIHINA OpTalla TAHTeHITHAb] KepHey
ANIBIHBIN, apanblK OeNrilUTepAiH apThiHIa KYHBIHHBIH ocepiHeH maiiia 6oNaThH
apanacyra OaHIIaHBICTBI, apabIK GenrimTep KarmaibiHIa [IlepByn caHbIHBIH
opramia MaHi Oeariuwicis kargaiira kaparanma 1.5 ece JKOFapbl 00JAThIHBI
AHBIKTAJIFaH.

Hypnoyner KanacoBThiH KyMmbIChl TemeHe KeJITIpUIreH eKi JKypHan MeH
KOHGepeHIHsI1a JKapHsIaH bl
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Kanacos Hypasyner e3inin AOKTOPIBIK KYMbIChI asichlHAa MHkeHepnik
Xumusi MHCTHTYTBIHIAFET MeHiR 3epTXaHamla OOoJzbl JKAHe 0N O3iHiH 3epTTey
KYMBICBIH OpbIHIayAa 30p TaOAHABLILIK MEeH eHOEKKOPIBIKTHI KOPCETT], MEH OHbIH
Gi3niH 3epTxaHana KaThiCybIHA OTe pu3a 6o aBIM.

Kopoitbinzbinail kene, Kanacos Hyprayner dunocopus poxroper (Ph. D.)
FRUTBIMHIIOPEIKECIH ally YIIiH YChIHBLTFAH « HKbiTy SHepPreTUKAIbIK KOHABIPFbIIapa



NaiaNaHbUIATbIH OTbIHABL a1y YLK HHTErPALAbIK MeMOpaHa/Ibik GHOPeakToparsl
rasaapabl 6esy» TaKbIpbiObIHAAFE! YMITKEPAIH AMCCEPTALMSCHIHBIH (uaocodus
ZIOKTOPbl  FBIIBIMU  AdpeXKeCiH Oepy yINIH KaKeTTi HBUIBIMH  KAHAJBIFI,
MPaKTHKAJIBIK MaHBI3/IBLIBIFbI JKaHe Oiperel yneci 6ap ekeHin atan eTy Kepek.
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