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YK 621.21
PECULIARITIES OF MOVEMENT OF FLOODED GAS JET
IN DISPERSE SYSTEMS
Kornienko Y.M., Haidai S.S., Yevziutin P.Y, Sameliuk O.V.

National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»

ABSTRACT: The peculiarities of the motion of the flooded gas jet on the
surface of the gas-distributing device (GDD) of the apparatus with a fluidized bed
to ensure non-uniform jet-pulsating fluidization in the self-oscillating mode are
substantiated. The calculated dependences for determining the gas pressure in the
GDD slit are obtained, taking into account the experimental data, which provide
active non-uniform jet-pulsating fluidization in the self-oscillating mode.

KEY WORDS: FLUIDIZED BED, HYDRODYNAMICS, NON-UNIFORM
FLUIDIZATION, GRANULATION.

OCOBJIMBOCTI PYXY 3ATOIIVIEHOI'O CTPYMEH/SI B
JUCIHHEPCHUX CUCTEMAX
Kopnienko .M., I'aiinait C.C., €3totin [1.1O., Camemok O.B.

HaunionanbHuil TeXHiYHU YHiBepcUTeT Y KpaiHu

«KuiBcbkuii nojirtexHiyauii incTuryT iMeHi Iropst Cikopcbkoro»

AHOTALIA: OOGrpyHTOBAaHO OCOOJMBOCTI PYyXy 3aTOIJIEHOTO Ta30BOTO
CTpyMEHA Ha TMoOBepxHi TrazoposnofuibHoro mnpuctporo (I'PII) amapara 13
NICEBAO3PIHKCHUM IapoM Ui 3a0€3MeYeHHs HEOJHOPIIHOTO CTPYMEHEBO-
NyJbCAI[IHHOTO TICEBAO3PIIKEHHSI B AaBTOKOJIMBAJIbHOMY pexumi. OTpUMaHO
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PO3paxyHKOB1 3aJleKHOCTI JyIi BHM3HAYeHHsS THUCKY Tra3y B muuHi [PIT 3
ypaxyBaHHSAM JOCTITHUX JAHUX, TIPU SIKUX 3a0€3MeUy€eThCsl aKTUBHE HEOTHOPITHE
CTPYMEHEBO-ITyJIbCaIlifHE TICEB03P1IKEHHS B aBTOKOJIMBAIHLHOMY PEKUMI.

KJTFOYOBI CJIOBA: TICEBJIO3PIJDKEHUN 1IAP, T'TJTIPOJIMHAMIKA,
HEOJHOPIJAHE ITICEBAO3PI/DKEHHSA, TPAHYJIALLA.

3acTocyBaHHs HEOJHOPIAHOTO CTPYMEHEBO-ITYJIbCAIIITHOTO
TICEBIIO3PIHKCHAS B aBTOKOJIMBAJILHOMY PEKHMI TIPH OJEpKaHHI TpaHyIbOBAHUX
TYMIHOBHX OpraHo-MiHEpaJIbHUX JO0OpHUB 3abe3reuye iHTeHcudikaiio udy3iiHo
KOHTPOJIbOBAHUX  TMPOIECIB TMPU  3HEBOJHEHHI Ta  TPaHYJAMli  PIAKUAX
0araTOKOMIOHEHTHUX CHUCTEM, IO MICTATh KOMIIOHEHTH MIHEPaJIbHOTO Ta
opraniunoro noxokeHHs [1-3]. Y pobortax [1-5] BCTaHOBIIECHO, 110 HEOIHOPIIHE
CTPYMEHEBO-TTYJIbCALIIITHE TCEBAO3PIIKEHHSI B AaBTOKOJMBAIILHOMY pexXuMi 0e3
3aCTOCYBaHHS MEXAHIYHMX MYJIhCATOPIB MOXIIMBO 3a0€3MEUNTH MPU 3aCTOCYBAHHI
['PII mrinmmaHOTO THMy. [ 11OTO HEOOXI1THO 3a0€3MEUUTH JOCTATHIO €HEPTito [2-
5], fsxa HaAXOAWTH 13 3aTOILUICHUM Ta30BHM CTPYMEHEM Yepe3 OCHOBHY IIUIMHY

['PII no moBepxHi miiactunu B 30H1 «/[» ['PII, pucynoxk 1.

vdrt’.cr:aﬁr;‘ a'a'atate

1 . W\'ﬂl ids
< AP—P_ T W >
‘ AP, l

Pucynok 1 — Cxema pyxy aucnepcHoro cepenonuiia B 30H1 J[ I'PI1

Jlyist 3a0e3neueHHs HeOOXiTHOT eHEeprii 3aTOTUICHOTO CTPYMEHS THCK Tra3y B

IIiJTMHI TTOBUHEH 33/I0BOJILHATH YMOBI, [1a:
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IAP_qas = APimpulse + APfl + APhydrostatic (1)

e IAPTW — aepoAMHAMIYHUI Omip Il CTBOPEHHS IMIIYJIbCY PYXY
JTUCIIEPCHOTO cepenoBuia, [1a;

IATfl — TIAPABIIYHUN OMip JAMCHEPCHOTO CEpPEeOBHUINA IO JOBXKHUHI

KaHany 30HU «/[», [1a;

IAPhydmsmtiC — omip Big TIAPOCTaTUYHOTO THUCKY IIapy 3E€PHUCTOTO
MaTepiaiy 3 MO4YaTKOBOIO BUCOTOIO Hy, [1a;
AepoauHaMiuHUN oOmip Ui CTBOPEHHS IMIIYJIbCY pPYXY JUCIEPCHOTO

cepenosuia, [a:

1
‘APimpulse = 5 [psolidsEsolidswsolids2 + pgassgaswgasz] (2)
I€  Psolidss Pgas — TYCTHHA TBEPAUX YACTHHOK (TpaHya) Ta Ta30BOi (asu
(3piKYBAIBHOTO areHTy) BiMOBIAHO, KI/M’;
Wsoligss Wgas — MIBHIKICT TBEPAMX YaCTUHOK (IpaHyl) Ta ra3oBoi (asu
(3piKYBANBHOTO AreHTY) BiMOBIHO, KI/M’;
Eso“ds, Egas — 00’€MHI YaCTKH TBEPAMX YACTHHOK Ta Ta30BOi (a3u y 30H1 «/[»
['PIT:
Esolids + Iggas =1 (3)
3a pe3ysibTaTaMu MPOBEICHUX JOCTIKEeHb [3-5] 3
ypaxyBaHHsIM Toro, mo 0.8 < %gas < 1.0 MpUMMaeEMOo %gas=0.95 Ta
l€cn172<=0.05.
Omip Big TIAPOCTATUYHOTO THUCKY IIapy 3€PHUCTOrO MaTepialy 3
MMOYaTKOBOIO BUCOTOIO H, Ila:
IAPhydrostatic = Hopsotias(1 — €0)gK1 (4)

ne g, = 0.4 — NMopo3HICTh MOYATKOBOrO IIapy (YacTka rasy B IMOYaTKOBOMY

mapi);
K1 — xoeditieHT, 1110 BpaxoBY€ CKIIAIOBY TEPTH.
[NapaBaiyHuil omip Mo TOBXKUHI KaHAITy 30HU «/[», I1a:
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I PoasWaas>
}Apfl = g (5)

ne A —koediuient rigpasniaHoro onopy pyxy rasy — A=f(Re);
D, — ekBiBaJICHTHUH AlaMeTp KaHaTy B 30HI1 «/[», YTBOPEHOTO 0111 MOBEPXHI
ropusoHTanbHOl mactunau I'PI1, qoekuuoro | Mmix 1Boma Oiunumu crinkamu ['PIT.

BpaxoBytouu, 1o h Ta B BiANIOBIIHO BUCOTA Ta MIMPHUHA IIUIMHU, TOII:
}D 4F 4hB
e

= 6
I 2(h+B) (6)
Juaamivauii omip ra3y B miawHi ['PIT i3 po3mipamu hxB BH3HA4Ya€ThCS SIK,

[1a:

‘AP _ pgangas2 (7)
gas 7

PiBusinusa (1) iTepamiiHuM METOJIOM PO3B’SI3yEMO BIJHOCHO BEIUYHHU
napamerpa |. ¥V piBusaHHI (2) npuitMaeMo, 0 MBHIKICTh TBEPAMX YACTHHOK Wsojids
craHoBuTh 1.1--1.33 Bix mMBHAKOCTI BUHOCY Whiowingout — Wsolids =(1.151.33)Wgas — 1
JOPIBHIOE HIBUJKOCTI Ta30BOr0 CEPENOBUINA Wgss, BPAXOBYIOUM ITyJIbCALINAHY
3MiHY BUCOTH Ta MOPO3HOCTI IIApy 3€PHUCTOTO MaTepialy.

Otpumani PO3paxyHKOBI 3aJIeKHOCTI HEOOX1THO NepeBIPUTH

€KCIIEPUMEHTAJILHO JIJIsl 36PHUCTUX MaTepialliB 3 PI3HUM AUCIEPCHUM CKIAJI0M.
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YK 637.147.2x
MILK PROTEIN AND PRODUCTION EQUIPMENT
Ph.D., professor Marchevskii V., master student Shashkov V.,
master student Glibovets S.
National Technical University of Ukraine

«lIgor Sikorsky Kyiv Polytechnic Institute»

Abstract. An analysis of information on milk protein and its important role
as a food product was carried out. The main equipment, problematic processes
and line operation are considered.

Key words: CASEIN, MILK PROTEIN, LINE, PRODUCTION.

MOJIOYHUH BIJIOK TA OBJAJTHAHHS JIJII BAPOBHUIITBA
K.T.H., ipodecop MapueBcbkuii B.M., marictpanTt [llamkor B.O.,
marictpantka ['mu6osers C.B.
HaunionanbHauii Texniuynui YHiBepcuTeT YKpaiHu

«KuiBcbkuii mositexHivnui iHcTutyT iMeHi Irops Cikopcbkoro»

Anomauia. Ilposeoeno ananiz inghopmayii cmocoeHo MOI0UHO20 OIKa ma
11020 8aHCIUBA PO SIK NPOOYKMY XapuyeauHs. Posenanymo ocnogne obiaonanns,
npoobaemui npoyecu ma pobomy JiiHii.

Kmouosi ciaosa: KASEIH, MOJIOYHUI BIJIOK, JITHIS,
BUPOBHUIITBO.

Mostounnii OUTOK — HaAHOUIBII Ba)XKJIMBHM Ta CKIAIHUNA KOMIIOHEHT MOJIOKA
cCaBIiB, 1O yTBOpIoe cTpykTypu [1]. Moro MokHa mominutH Ha OBi OCHOBHI
Ipynu: CUBOPOTKOBHM OLJIOK, SIKWA Ma€e BUCOKWW PiBEHb PO3YMHHOCTI y BOJI Ta
Ka3eiH, IKU He PO3YHMHHSIETHCS y BOJII.
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Kazein, cranoButh npubimu3Ho 80% Oika, 1110 3HaX0IuThCsA B Mool [2, 3].
Kazein Moisioka, mpu BKJIIOYEHHI HOTO B pAIlOH XapyyBaHHS y BUTJISIl TaKUX
OPOAYKTIB SIK CHpP Ta TBEPAHM CHp, BUKOHYE B OpraHi3Mi CTPYKTYpHI (yHKIII,
Oyayud JKepenoM Kaubllito, ¢dochopy, MarHiro, HUIOro psay ¢i310JI0ridHO
aKTUBHUX TENTHJIIB, II0 PETYJIIOI0Th MPOIEC TpaBJIeHHS (piBEHb HUIYHKOBOI
CEeKpellii), KpiM TOro 3HWXKY€E PiIBEHb apTEPiabHOTO TUCKY.

CupoBaTkoBuil MpoTeiH cTaHOBUTH Bcboro 20% OunkiB Mojoka. Bix
BIJIPI3HSETHCS HASBHICTIO AMIHOKHCIIOT 3 PO3TAIY>)KEHUM JIAHIIIOTOM, TaKUX SIK
JCUIUH, BaJllH 1 130J€HIMH. 3a 3asBOI0 BYEHHUX, JIaHUW PI3HOBHUJ MPOTEIHY
JI03BOJISI€ 3HU3UTHU PIBEHb KPOB’SIHOI'O THCKY, PIBEHb CTPECY, a TAKOXK MOJIMIIUTH
HacTpiil. Kpim Toro, nana pedoBuHa cripusie 30UIbIICHHIO OOCATIB M S130BOi MacH.
Came TOMY CHpPOBAaTKOBUM HPOTEIH KOPUCTYETHCA OCOOIMBOIO IOMYJISPHICTIO
cepen 601011A€piB 1 CIOPTCMEHIB.

VY mpOMUCIIOBOCTI BiacHE Ka3eiH OTPUMYIOTh ABOMa OCHOBHUMHM CIIOCOOaMU
— OCaDKCHHAM 3 JOMOMOTOI0 HEOPraHIYHMX YHM OpraHiYHUX KHUCJIOT YU
KOAaryJisili€r0 CHIyXHUMU PpepMmeHTamu. OTpruMaHuil TPOIYKT, Ka3eiH, — OLTKOBUN
KoHIIeHTpaT. JKup, CHpOBaTKOBI OUIKH, JJAKTO3a Ta MiHEpaJbHI COJI MOTIPIIYIOThH
AKICTh KIHIIEBOTO MPOAYKTY Ta MOBMHHI OyTH BUAAJIEHI TPOMHUBAHHSIM.

Bci BuIlleBKa3aHi BUMOTM BUKOHYIOTHCSI B JUIIJIOMHOMY IMPOEKTI JIiHii, 10
MojepHi3yeTbesa. B sikocti ananora BuOpana minis OKJI-3, po3po6iena B KIII B
JIeB’IHOCT1 poKu. Bigoma KoMicisi pekoMeHyBaia JIiHil0 B cepiiiHe BUPOOHHUIITBO.
CepiiiHe BUpOOHUIITBO JIiHIT 3/I1MCHIOBaB J{HIMPOIIETPOBCHKUM MEXaHIUYHUN 3aBOJT
MiHicTepcTBa MEXaHIYHOI TPOMHUCIIOBOCTI.

Jlinis OKJI-3 noOpe 3apekoMmeHayBaia ce0e y BUPOOHMIITBI, aje€ POKH,
poOoTa, 3aMiHa KOMIUICKTYIOYMX Ta 3MIHM HAa PUHKY BUMAaralroTh MOJEpHI3allii
JIHI.

JI0 OCHOBHMX HEJIOMIKIB aHajora Ciijl BIIHECTH KOCHTPYKIIIIO BUTPUMYBaya
1 mimanku. OCHOBHUH €JIEeMEHT BUTPUMYyBaua — KaMepa, /e BiI0OYyBAEThCS MPOIEC
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OCa/KCHHSI Kaszeiny, (opMyBaHHS 3epeH OuIka Ta iX 3MIIHEHHs, 3po0OJsieHa 13
HOJTiETHIIEHY, IKUI HE BUTPHMYE TemriepaTypu crepriizanii 6inbire 100°C. Kpim
TOTO HEMOKIJIMBO CIIOCTEPIraTH CTPYKTYPY CYCIEH311, 1[0 PyXa€ThCsI, Bi3yaIbHO.

BaxnuBy poap B po0OOTI JiHIT BIAITPalOTh MIIIANKH, B SKUX IMPOTHUTECUIEIO
BUMUBAIOThCSI BOJOIO 13 Ka3eiHy COJi Kaibllifo, MarHiio, ¢ochopy Ta iHIIHX
MeTaniB. KOHCTpyKIliSi MillIadKyd MOBHHHA MEPEIIKOKATH CKICIOBAHHIO 3€peH
Ka3einy. [HII eeMeHTH JIiHIi 3 HOBUMHU KOMIUICKTYIOUUMH 1 MaTepiaiaMu MOXKYTh
MPALIOBaTH ISl BAPOOHUIITBA XapUOBOTO Ka3eiHy.

Ha ninii B gKxoCTi ocajpkyBadya MOXKe 3aCTOCOBYBATHCH MOJIOYHA CHPOBATKa
(MOJIOUHA KHMCJIOTA) Ta COJISTHA KUCIIOTA.

3a pobOTH MOJEPHI30BAaHOI JiHIT BiIOYBalOTHCS HACTYNHI IPOLECH:
MPUTOTYBaHHS pOOOYUX PO3UMHIB; 3MIITYBAHHS KUCJIOT 13 3HEKUPEHUM MOJIOKOM;
HarpiBaHHHSl CYMIII; OCAJKEHHs OUIKa; BUTPUMKA 1 3MILHEHHS 3€peH OlJiKa;
BIJUTIJICHHHSI CUPOBATKHU; MPOTUTEYINHE NPOMUBAHHS 1 3aKpIIJICHHS 3€peH OulKa
M1KUCIIEHOTO BOJIOI0; Tiepeiaya Ouika Ha CTajlli MpecyBaHHs 1 CYIIIIHHSL.

[IpoekTHa IPOAYKTUBHICTB JIHII 10 CyXOMYy Ka3einy 250 Kr/ro.
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MODERNIZATION OF THE DRUM DRYER OF THE SALT
PRODUCTION INSTITUTION
Master's student Yaroslav BOICHUK, Ph.D., Assoc. Prof. Andrii STEPANIUK,
Ph.D., senior teacher Roman SACHOC
National Technical University of Ukraine

""Igor Sikorsky Kyiv Polytechnic Institute"

Annotation: The technological scheme for obtaining sea salt is described.
Proposals have been formulated for the modernization of the drum dryer by
making triangular slits along the entire length of the nozzle. As a result of the
proposed modernization, the contact area of the solid and gas phases will increase.

Keywords: PRODUCTIVITY, DRUM DRYER, MODERNIZATION.

MOJIEPHIZAIIISI BAPABAHHOI CYIIAPKM YCTAHOBHU
BUPOBHHULTBA COJII
marictpant SIpociaB BOMUYK, k.1.1., non. Auapiit CTEITAHIOK
K.T.H., cT. Bu£kji1. Poman CAUOK
HaunionanbHUil TeXHiYHUI YHiBepCcUTET Y KpaiHu

«KuiBcbKui noJtiTexHivHui iIHcTUTYT iMeHi Irops Cikopebkoro»

AHoTtanisi: OnucaHo TEXHOJIOTIYHY CXeMy OTPHMAaHHS MOPCBKOi COIi.
Cdopmynb0BaHO MPOMO3HUIIT MO0 MOJEpHI3aIi 0apabaHHOI CYIIApKH IUISIXOM
BUKOHAHHS TPUKYTHHUX TIPOPI3IB TO BCIM JOBXKWHI Hacaakd B Hacmimox
3aMpONOHOBAHOI MOJIEpHI3allii 30UTBIIUTECA TIUIONIA KOHTakTy Qa3 TBepaoi

PEYOBHHH 1 ra3zy.
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Kuarwuosi ciaosa: I[IPOJYKTHUBHICTb, BAPABAHHA CVYIIAPKA,
MO/JEPHI3AILILA.

Salt has recently gained significant relevance, against the background of a
constant increase in its needs. Development of technological schemes and methods
of obtaining salt is carried out by industrially developed countries of the world.

According to the production technology, it is necessary to dry sea salt, for
this we can use the sun, but this is inefficient and the process takes a lot of time, so
we use various dryers, in our case we use a drum dryer [1].

Advantages of a drum dryer:

— high power of moisture evaporation;
— high productivity with stable final humidity;
— unpretentious care;
— low energy consumption.
Disadvantages of a drum dryer:
— bulkiness;
— high capital costs;
— grinding of material during drying;
— long-term contact of the material with the heat agent (up to 40 min);
— contamination of products with ash from the furnace (0.2-0.7%);
— sticking of wet material on the inner surface and nozzles of the drum;
— fire hazard;
— emissions into the atmosphere;
— the noise of the device.

Seawater is supplied to the filter 1, which, after heating in the heater 2, is
supplied to the evaporator 3, in which a vaporized solution is formed with the help
of water vapor. After evaporation, the suspension enters the heat exchanger 4 and

crystallizes in the crystallizer 5. After the mixture has crystallized, it enters the
15
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centrifuge 6, where a certain amount of moisture is removed. After centrifugation,
the suspension is washed with water in the washer 7 and re-centrifuged in the
centrifuge 6, then it is fed into the drum dryer 8, the hot air for which is heated in
the heater 9, after drying in the drum dryer, the final product is obtained - sea salt.
The technological scheme of the process of extracting sea salt is shown in

Figure 1 [2].

1 —filter I; 2 — heater; 3 — evaporation apparatus; 4 — heat exchanger;
5 — crystallizer; 6 — centrifuge; 7 — water washer;
8 —drum dryer; 9 — heater.

Figure 1 — Technological diagram of the sea salt production process

The aim of the dissertation is the development and modernization of a drum

dryer and the development of a cyclone.
The essence of the modernization consists in the modernization of the nozzle

of the drum dryer. Shown in Figure 2.
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A-A b

Figure 2 — Modernized drum dryer

In order to increase the productivity of the drum dryer, it is necessary to
make triangular slits along the entire length of the nozzle, in this case, the material
will flow through the nozzle. As a result, increase the contact area of the solid and

gas phases.

References:

1. Yu.Y. Dytnersky. Processes and apparatuses of chemical technology:
Textbook for universities / Yu.l. Dytnersky. In 2 parts. - M.: Khimiya,
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YAOCKOHAJIEHHSA TEXHOJIOI'II BAPOBHUIITBA KAPTOHY
Marictp Anron Bo3osuu, goi., k.x.H. ['anum B.B.
HanionanbHuii TexHiyHMi YHiBepcuTeT YKpainn « KMiBCbKHUl MOJTITeXHIYHUH
iHCcTUTYT IM. Irops Cikopcbkoro»

B nmaniii  po0OOTI poO3MISHYTE TNUTAaHHS YIOCKOHAJIGHHS TEXHOJIOTIl
BUpPOOHUIITBA KapTOoHY. OCHOBHOIO CHPOBHHOIO B YKpaiHi JjIsi BUTOTOBJICHHS
KapTOHY € MaKyJarypa, nepepooka siKoi 3MEHIIYE KUTbKICTh MOOYTOBUX 3BAJIHIIL
[TokpamenHs: (i3MKO-MEXaHIYHUX BJIACTHBOCTEM MOMXJIMBO 3a JIOIIOMOTOIO
JI0OJlaBaHHs XiTO3aHHY. XITO3aH € JcaleTUILOBAHUM MOXIAHUM XITHUHY, OJHI€T 3
HalOUIBIIMX JOCTYHNHOI OlomMacu, 3HAiJEHOI Ha MOBEPXHI IUIAHETH TICHsA
nentoa03u. OCHOBHUMU JDKepelaMu XITHHY € MOPCBbKI PEIITKH TBAapUH, Taki K

KpaOu, KpEBETKH Ta 1HIII paKOMoai0HI.

KitouoBi cnoBa: Makynarypa, nepepoOka, XiTo3aH, 00IroBi BOJAH.

This work examines the issue of improving the cardboard production
technology. The main raw material in Ukraine for the production of cardboard is
waste paper, the processing of which reduces the number of household landfills.
Improvement of physico-mechanical properties is possible by adding chitosan.
Chitosan is a deacetylated derivative of chitin, one of the largest available
biomasses found on the surface of the planet after cellulose. The main sources of
chitin are the marine remains of animals such as crabs, shrimps and other
crustaceans.

Keywords: wastepaper, recycling, chitosan, circulating water.

3a pi3HUMU OLIHKaMH, MaKyJaTypHI BIAXOAM HaMiuyloTh npudiau3Ho 22 %
BiJl 00Csry, SIKMi CKJIalaloTh yCl TBEpJl MOOYTOBI BIAXOJU >KUTJIOBOTO CEKTOPY.

[[Iupokoro MOMySPHICTIO KOPUCTYETHCS Tapa Ta ymakoBka 3 rodpokaptony. Lleit
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OaratomapoBuii Matepiall BiJIPI3HAETbCS HU3bKOIO Baroro, BapTICTIO, BUCOKHUMHU
MEXaHIYHUMU MapaMeTpaMHu.

ToMy HEOOXigHO BIIMOBUTHUCS BiJl IJIACTHKY 1 30UTBIIUTH BHPOOHHUIITBO
€KOJIOTTYHO YUCTHUX MaKyBaJIbHUX MaTepiaiiB 3 BTOPUHHOI BOJIOKHUCTOI POCIUHHOI
CUPOBHHH.

B Vkpaini nepepobneHuil mamip € OCHOBHUM JKEPEJIOM BOJIOKHA IS
MarepoBoi Ta KapTOHHOI MPOAYKIli, 116 MOXKE€ HaJaBaTH HIKYl (PI3MKO-TEXHIYHI
MOKa3HUKHU, HI)K NPU BUKOPUCTAHHI TIEPBUHHOTO BOJIOKHA, aJIeé TP BUKOPHCTAHHI
XIMIYHUX J0OABOK B KOMIIO3UIII MOKHA 30UTHIIUTH €(EKTHUBHICTh YTPUMAHHS
BOJIOKHA Ha CITIIl Ta 3MEHIIUTH 3a0pyIHEHHS M1JCITKOBUX BOJI.

Metorw poOOTH € YJIOCKOHAJICHHS TEXHOJIOTIYHOTIO MOTOKY BUTOTOBJICHHS
TapHOT0 KapTOHY 3 BTOPUHHOT'O BOJIOKHA.

Bukopucmanns ximozany y sskocmi HanoH08aua KOMNO3UYii Kapmouy

UynoBa IJIIBKOYTBOPIOIOYA 3JaTHICTH XITO3aHY POOUTH MOro iaeadbHOI0
CUPOBHHOIO ISl TIOKPUTTIB 1 yHAKOBKH. Y  0aratbox  JOCHIIKCHHSIX
MOBIIOMJISIIIOCS TIPO BUPOOHUIITBO XITO3aHOBHMX IUIIBOK JIJIsl YITAKOBKH XapuyOBUX
MPOYKTIB 1 MOKpHUTTS GpyKTiB. OJHAK MpaKTHYHE 3aCTOCYBaHHS IUTIBOK Ha
OCHOBI XITO3aHy B YIAaKOBIll OOMEXEHE uepe3 HHM3bKI MeXaHIuHl Ta Oap’epHi
BIACTUBOCTI. [loimmmeHHss IMX BIACTUBOCTEH MOXKHA JOCSITTH  IUISIXOM
dbopMyBaHHS KOMIIO3UTHUX TUTIBOK 3 I1HIIMMU 3MIIHIOIYMMH KOMIIOHCHTAMH,
TaKUMU SIK HAaHOKPHCTAJIW/HAHOBOJOKHA IIETIOJ03M, HAHOKPUCTAIH XITHHY,
KpOXMaJlb, )KEJIATHH, J1aTOMOBA 3e€MJIS TOIIO.

3aBAsSKA BUCOKOMY aCIEKTHOMY CITIBBITHOIICHHIO JOJIaBaHHSI IICITFOJIO3ZHUX
HAHOBOJIOKOH MOX€ 3a0e3MeYUTH OUIbIly MKOPCTKICTh HaBITh MPU HU3BKUX
KOHIIeHTparisix. KpiM TOro, 1enroin03HI HAHOBOJIOKHA TaKOX YTBOPIOIOTH
B32€MOIIOB ’13aH1 MEPEX1 3 MATPUILISIMU THIIIMX MaTepiaiiB yepe3 BOJAHEBI 3B SI3KH.

JlocnmipkeHHsT BUKOPUCTAHHS — XITO3aHY TMOKa3ylOTh, 110 HaWOUIbII
JOIUTbHUM Oygnie 3actocyBaHHS 2,5%-ro po3uumny npu pH 8,6. Po3umn Takoi
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KOHIICHTpAIlli Mae HaNOUIbI SIKICHI MOKAa3HUKU OCAKEHHS Ha BOJOKHI KapTOHY
Ta, BIIMOBIHO, HAMHUKYUHN CTYMiHb 3a0pyAHEHHS I1JCITKOBUX BOJI.

JlonaBaHHS pO3YMHY XiTO3aHy MOKpamrye (i3uKo-MeXaHiyHl —SIKOCTI
KapTOHY, 30LIBIITYETHCS KOPCTKICTh KAPTOHY

JIyist mokpaieHHs SKocTi GopMyBaHHS KQpTOHHOTO TOJIOTHA MPOMOHYETHCS
3aMiHa KpYTJOCITKOBUX BakyyM-(OpMyIOUUX TPHUCTPOIB Ha TUIOCKOCITKOBI 3
JIBOMa CITKOBMMHU CTOJIaMHU 1 JJBOMa HAMIpHUMH SAIIUKaMH. Taki MallliHU MaroTh
HACTYIHI MepeBaru:

O BHUCOKY mBHAKICTH (10 1000 M/XB),
o BeNuKy oOpi3Hy mupuHy (10 10 M), 3aBISKH ITbOMY 1 BUCOKY

MPOJYKTUBHICTb.

Pucynox 1 — I[1nockociTkoBa (hopMyroda yacTHUHA.

HaBeneni Bulle nepeBard NO3UTHBHO BIUIMHYTh Ha SIKICTh KapTOHY, HOTO
CTPYKTYpY Ta (hi3UKO-MeXaHIYH1 MOKA3HUKHU.

MammHu 3 Tako CTPYKTYPOIO BIAPIZHSIOTHCS THUM, 10 (DOPMYBAHHS 1LIAPY
narnepy 3A1MCHIOEThCS MK CITKaMH, IO PyXarThCS 3 OAHAKOBOIO IIBUIKICTIO 1 B
OJIHOMY HAMNpsMKY, aje BOHM MOXYTb MaTH pI3HY JOBXKHUHY 1 pPi3HY (QopMy
noBepxHi. OCKUIBKM JAerifgpaTariss Ta (QOpMyBaHHS TManepy 3A1HCHIOIOTHCS

OJIHOYACHO 4Yepe3 JBI CITKH, MpoIlec AeriipaTaliii Habarato 1HTEHCHUBHIIINNA, HIK
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OJIHa CITKa, 1 CTPYKTypa MOBEPXHi Manepy Oyje OJHOPITHOI0, a OOHBI CTOPOHH
NpUOJIM3HO OJTHAKOBUMHU.

KpiMm Toro, MammuH# 3 JBOMa CITYaCTUMHU CTOJAMH MArOTh OUIBII BHCOKY
MPOJYKTUBHICTD 1 JO3BOJISIOTH MPAIFOBATH 3 OLIBIIO KOHIEHTPAIE BUX1THOT
Macy, IO CIpHUsS€e 3MEHIIEHHIO CIOXWBAaHHA TMpicHOT Boaw. OTXe, 3aBISIKU
3HaYHOMY MiJBUIICHHIO MPOIYKTUBHOCTI Ta 3HIKEHHIO COOIBAPTOCTI MPOIYKIIi,
HE3Ba)Kal0YM Ha BEJIMKI KamiTaldbHI BKIAJACHHS B MPOEKT, BCE K MOXKHA OTPUMATH
BHUCOKI BUPOOHUY1 TEXHIKO-€KOHOMIYHI TOKa3HUKH.

TakuM 4YWHOM, TIPOBEACHI JOCIIDKCHHS BIJIKPHBAIOTh HOBI IIISAXH
MOJICpHI3aIlli ICHYIOUMX TEXHOJOTIYHUX TIOTOKIB BHUTOTOBJICHHS KapTOHY 3
MakyJiaTypu 3 METOI0 €KOJori3alii BUPOOHHUIITBA IUISXOM 3MEHILIECHHS BHUMOIB
JIpiOHOTO BOJIOKHA Ta 3MEHIICHHS O0’€MIB YTBOPEHHS PIIKUX Ta TBEPAUX

BIJIXO/I1B.
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ETHANOL PRODUCTION PLANT
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ABSTRACT. The analysis of foreign and domestic technological schemes of
ethanol production was carried out and the modernization of the rectification
column was proposed for the intensification of heat and mass exchange during
alcohol.
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RECTIFICATION COLUMN, MODERNIZATION.
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The alcohol industry of Ukraine is intended for the production of alcohol,
which can meet the needs of society. In addition, the industry disposes of
agricultural raw materials, which has lost its consumer properties.

Ethanol is an active ingredient in alcoholic beverages, which are usually
made by fermenting carbohydrates. In addition, in the food industry, ethanol can be
used to dissolve food flavors, as a preservative in bakery products and
confectionery. Known as a food additive E1510. Other applications: as fuel and
fuel, solvent, alcohol thermometer filler, and disinfectant/disinfectant component.
As a fuel (motor, rocket, for internal combustion engines, heaters, and touring
burners) methylcarbinol can act independently and together with gasoline. It is also
used to produce high-quality fuel and gasoline components. The chemical industry
uses this substance for the synthesis of various compounds (ethane, sulfuric ether,
tetraethyl lead, acetic acid, methyl trichloride, ethyl acetate, ethene, etc.). It is part
of automotive antifreeze coolants and glass cleaners. Do not overestimate its
importance as a solvent for the paint industry, in the manufacture of household
chemicals (detergents, especially for glass and plumbing, as well as repellents),
and other purposes. In medicine, ethanol is also used as a solvent, but also as an
extractant and antiseptic. Ethyl alcohol is a solvent in the perfume and cosmetics
industry. Here it is part of perfumes, colognes, eau de toilette, aerosols, shampoos,
shower gels, toothpaste, and other fragrant products [1-4].

Historically, Ukraine produced a food product. Alcohol technology is
comprehensively researched, scientific regulatory documentation is developed in
detail: regulations, instructions, standards, etc. In 1998-2000, the production of
technical alcohol from sugar- and starch-containing raw materials was organized in
Ukraine. It is recommended to use defective types of grain, molasses, non-
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traditional types of raw materials. Using the experience of the USA, Brazil and
Canada in the production and consumption of alcohol as a fuel, the technology of
fuel ethanol (bioethanol) has been mastered in Ukraine [3].

Currently, there are many ethanol production technologies in the world [3—
8]. From the analysis of scientific and technical literature, we can see that in
general, the production of ethanol consists of two biochemical processes:
hydrolysis (saccharification) of starch contained in raw materials and fermentation
of the obtained sugars into alcohol and carbon dioxide, and the physical process of
separation of liquids by boiling points. When obtaining ethanol by fermentation,
distillation and rectification are the final stages of the technological scheme of
alcohol production.

Traditional raw materials for the production of alcohol — grain and molasses
— can be supplemented with non-traditional raw materials: Jerusalem artichoke,
sugar beet, other agricultural crops [3, 7, 8]. In the future, corn in the caob,
cellulose-containing waste from the oil and fat industry, and husks of sunflower,
flax, hemp, and rapeseed seeds can be used for the production of technical and fuel
alcohol [4, 6]. Stems, cobs, sunflowers, oilseed and technical crops can also be raw
materials in the technology of technical and fuel alcohol. At the same time, along
with amylolytic and proteolytic enzymes, it is possible to use cellulolytic or
enzyme complexes [3, 6].

Having analyzed the known technological schemes for obtaining ethanol, for
our further work we stopped at the production of alcohol from one of the types of
starch-containing raw materials — potatoes (Fig. 1), [7, 8]. The raw material is
loaded into the mill 1, where it is crushed, after which it enters the mixer 2 for
cleaning, from there it is pumped by a pump to the digester 3, where it undergoes
heat treatment to dissolve starch. After processing, the mixture is fed to the steam
generator 4 for heating, after which it enters the apparatus 5 for starch enrichment.
After enrichment, the mixture is sent to refrigerator 6 for cooling. After cooling, it
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enters the fermenter 7, where maltose fermentation takes place. In the apparatus 8,
the mash is heated and fed to the fermentation column 9 for steam distillation of
the mash to extract alcohol from it. Partial condensation of the product takes place
in the dephlegmator 10. After condensation, the resulting product is pumped into
the alcohol-raw material collector 11. This product enters the heater 13, where it is
heated to a boiling temperature of 80 °C due to the heat of the heating steam, which
condenses in the intertube space of the heater. The mixture heated to boiling enters
the feed plate of the rectification column 15. The composition of the liquid on the
feed plate corresponds to the composition of the initial mixture (ethanol — 40%,
water — 60%).

33 »iv

»i/

1- mill; 2 - mixer; 3 — cooking apparatus; 4 — steam generator; 5 — apparatus for
sugar enrichment; 6 — wort refrigerator; 7 — fermentation apparatus; 8 — heater; 9 —
fermentation column; 10 — dephlegmator; 11 — capacitor; 12 — collection; 13 —
heater; 14 — cube; 15 — rectification column; 16 — heat exchanger; 17 — collection

Figure 1 — Technological diagram of ethanol production [7]

The heated mixture is fed to the rectification column 15 to separate the
mixture with the content of 96.3% volume percentage of ethanol. As a result of

countercurrent vapor-liquid interaction, the mixture is separated into two separate
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components — high-boiling and low-boiling. In accordance with the assignment for
the qualification work, the low-boiling component is ethanol. The resulting
mixture is condensed in the condenser 13 due to the removal of heat to the cold
heat carrier (technical water), which circulates through the pipes and is pumped for
cooling in the heat exchanger 16 to the ambient temperature. After cooling, the
finished product is collected in the alcohol tank 17 as a finished product with a
high ethanol content.

The technological scheme (Fig. 1) uses a complete alcohol rectification
column 15 (Fig. 2), designed to separate alcohol from water, concentrate it to a
certain strength, as well as concentrate intermediate impurities and remove them in
the form of a finished product - clove oil. The alcohol column ensures the removal
of the remaining main impurities with unpasteurized alcohol. The number of plates
in the columns is determined by the rectification conditions and the final results of
the process.

As a rule, alcohol columns have 66...71 plates, all plates with overflow
devices. Plate columns are most often used in the rectification of ethanol. Plate
designs provide for the most intense mass exchange between liquid and steam.
Known designs are divided into plates with overflow devices and plates without

them - of the drop type [3].
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1 — column body; 2 — phlegm inlet; 3 — plate; 4 — input of the initial mixture;

5 — input of cubic residue; 6 — distillate output; 7 — yield of cubic residue

Figure 2 — Structural scheme of the rectification column

In the work, with the aim of intensifying the heat and mass exchange, it is
proposed to modernize the rectification column, namely its mass exchange plates.
It is proposed to additionally install mesh elements above the plate caps, which
will allow obtaining a stable driving force by reducing longitudinal mixing, which
will ensure an improvement in the efficiency and efficiency of the plate without
significantly complicating the design and increasing the dimensions of the device.

Conclusions: the work analyzed foreign and domestic technological
schemes for the production of ethanol, considered the raw materials for its
production, described the technological scheme of production, the rectification

column and proposed its modernization for the intensification of heat and mass
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exchange during the production of alcohol.
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ABSTRACT.The process of capturing highly dispersed particles is considered,
the modernization of the cyclone apparatus is proposed, which will improve the
process of capturing and ensure the improvement of the ecological situation of the
environment.
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HNPOLEC CYMICHOI'O BJIOBJIOBAHHA BUCOKO/JIUCIHHEPCHHUX
YACTHUHOK TA BOJSIHOI TAPU
acmipant Jmutpyk A.B., k.1.H., non. Crenantok A.P.
HauionanbHui TeXHIYHUI YHIBEpCUTET Y KpaiHU

"KuiBCbKUM MOJITEXHIYHUA iHCTUTYT"

AHOTANLIS. Po3rnsiHyTo mponec BJIOBIIOBAHHS BUCOKOIUCIIEPCHUX YACTUHOK,
3apPOTIOHOBAHO MOJIEPHI3allil0 IUKJIOHHOTO arapary, sika JI03BOJUTH TMOKPAIUTH
MPOIIEC BIOBIIOBAHHS Ta 3a0€3MEYNTH MOKPAIIEHHS €KOJIOT1YHOT CUTYaIlii TOBKIJIIS.

KJ/IFOYOBI CJIOBA: [TMJIOBJIOBJIFOBAHHA, I[MUKJIOH,
MOJEPHI3AIILA, EKOJIOTTYHA CUTYAILLA, ITIOKPAIIIEHHSA.

A solution consisting of 50% water and 50% solid components (ammonium

sulfate salts, humates, other mineral and organic impurities, such as bone meal, etc.)
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is fed into the granulator. After the granulation process, it is necessary to get rid of
dust as much as possible, for which a cyclone is used. There is no complete cleaning
in the cyclone, there is a certain percentage of particles that do not settle in the
hopper, but are carried away with the air flow. This happens because, after hitting the
walls of the cyclone, the vortex can pick up dust again, for more effective cleaning of
gas from dust, the cyclone needs to be modernized, namely the initial gas (air, water
vapor, dust) which is heated to a temperature of about 100°C is necessarycool down
[1]. This leads to the need for additional wet cleaning of the gas flow, which in time
leads to the generation of significant amounts of effluents with a low concentration,
I.e. leads todeterioration of the ecological situation of the environment.

All processes of removing suspended particles from the air include, as a rule,
two operations: deposition of particles on dry or wet surfaces and removal of
sediments from deposition surfaces.

The action of dust-capturing and separation devices is based on a certain
physical mechanism. In dust collectors and separation devices, the following methods
are used to separate suspended particles from the weighing medium, that is, air (gas):
sedimentation in a gravitational field, sedimentation under the action of inertial
forces, sedimentation in a centrifugal field, filtering, sedimentation in an electric field,
wet gas cleaning, etc. [2 ].

Sedimentation under the action of centrifugal forces. The gas-dust mixture is
given a rotational movement inside the cyclone device, while the solid particles are
thrown by centrifugal force to the periphery of the device to its wall, since the
centrifugal acceleration in the cyclone is several orders of magnitude greater than the
acceleration of gravity, which allows even quite small particles to be removed from
the emissionparticlesThe inertia of dust particles suspended in air flows manifests
itself with any changes in the speed of the flow. In the dedusting technique, inertial
separation is widely used, which occurs with a relatively smooth but long-term
curving of flows.
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The movement of a particle in a curved flow in the absence of external

influences is described by the equation [2]:

dw _

i
=——W_,
dr 1

(1)

There is an approximate solution to equation (1), while the movement of the
particle was considered in a moving coordinate system. The speed of the particle was
assumed equal to w = v + wc, and its acceleration was determined according to the
Coriolis theorem.

Equation (1) can be represented in the form

dim

dw 3
m—= 4 mo(w R)+ r’?[ : ]+ 2miow, ) ==3nd 1 w,.
!

dr d

(2)

Each of the members on the left side of this equation is a component of the force
mdw / dt with which the particle acts on the air flow, which tends to distort its
trajectory and change its speed.

The second term of equation (2) represents the centrifugal force. When studying
the inertial separation of dust, for example, in cyclonic dust collectors, only this
component of the inertia force is often taken into account.

The first term of equation (2) is related to the acceleration of the separation
motion and can be equal to zero only at the speed wc = const, which, as a rule, is
impossible. The direction of the force represented by this term depends on the initial
conditions of the entry of the particle into the curved part of the flow. Let's assume
that when the flow is curved, the speeds of its individual layers change according to
the law of areas - the speed of the peripheral layers decreases, and the speed of the
central layers increases. At the initial point M, the speed of the flow is equal to its
initial speed v 0. It can be assumed that the restructuring of the flow occurs
instantaneously, while the speed of dust particles, equal to this speed of the flow (w 0
= v 0), changes relatively more slowly. Due to this, at the initial moment of time t = 0,

we can takewc =v 0 -v (RO0).
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Accordingly, in the right part of the stream, the velocity wc is directed towards
its periphery. It is easy to make sure that the vector mdw c / dt is directed in the same
direction as the vector of centrifugal force, although it does not always completely
coincide with it. To the left of point M, this force is directed towards the center of the
flow [2].

To reduce the harmful elements that are formed after the granulation process, it
IS necessary to modernize the cyclone, shown in Figure 1.

Why is it necessary to supply water to the inner surface of the cyclone. To do
this, on the tangential inlet pipe 1 and body 2, we place the casing 5, where the
cooling water will be supplied. In addition, water will be supplied to the upper part of

housing 2 to reduce the temperature of the heat carrier and dissolve the trapped solid

particles.
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1 —tangential inlet pipe; 2 — body; 3 — conical part;
4 — axial outlet nozzle; 5 - shell

Figure 1 — Cyclone with a water film
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With the help of such upgrades, the percentage of dust capture will increase,
because the gas will condense on the walls of the cyclone, and the dust that gets there
will go down together with water droplets to the dust collector, because the cyclone
will not be able to pick up the particles again that hit the wall. For successful
condensation, the temperature of the water on the sides of the cyclone must be lower
than the gas temperature, it is optimal to use it with a temperature of less than 100° C.
This will lead to the capture of 95-98% of the dust, also the water vapor can be
condensed and reused in the granulation process. This modernization of the cyclone
apparatus will improve the capture process and ensure the improvement of the

ecological situation of the environment.
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BILIVB MAPAMETPIB MONEPEAHBOI MIITOTOBKU
POCJIMHHOI BIOMACH JIJISI TIPOJI3Y 3A METOJ0M
JUCKPETHOI'O
IMITYJIbCHOI'O BBEJIEHSI EHEPTIi HA IIBUJAKICTD
MEPETBOPEHHS LEJIOJ03U

I-p TE€XH. HayK, c.H.c. O6ogoBud O.M., kauj. TexH. Hayk Cunopenko B.B.
IncTuryT Texniynoi remtogizuku HAH Ykpainun

AHoTtanisi: Po3risnyro BB koHueHtpamii yiyry (NaOH) B mporeci
MOMEePeIHbOT MIATOTOBKUA COJIOMH MIIEHUYHOI JI0 TiIpoJi3y B POTOPHO-
nyJibCalllfHOMY amapari 3a Temmneparypu o0pooku 90°C, Ta BUAKOCTI 0OepTaHHS
potopa 47,75 o6/c. Pesynbratu oOpoOKH MOPIBHSHO 3 aHAJIOTIYHOIO OOPOOKOIO
LUISIXOM aBTOKJIaBYBaHHsA 3a Temreparypu 121°C.

Abstract: The effect of alkali concentration (NaOH) in the process of
pretreatment of wheat straw for hydrolysis in a rotor-pulsation apparatus at a
treatment temperature of 90°C and a rotor rotation speed of 47.75 rps was
considered. Treatment results compared to similar treatment by autoclaving at a
temperature of 121°C.

KuarwuoBi ciaoBa: 6ioeTaHon, cojioMa MIIIEHWYHA, MOMEPEIHs MiIr0TOBKA,
KOHBEPCIs LIEI0JI031, POTOPHO-TTYJIbCAIIIMHII amapar.

Keywords: bioethanol, wheat straw, pretreatment, conversion of cellulose,

rotor-pulsation apparatus.

BupoOHUIITBO €TaHOJIy 3 JITHOLCNIOJIO3HOT CHUPOBUHU YCKIIATHIOETHCS
HASBHICTIO B HI{ T€MILIEII0JI03 Ta JITHIHY.
["os10BHOIO METO0 TONEPEAHBOT MIATOTOBKH JIITHOIIGJIFOJI03HOT CHPOBUHHU 10

ripoi3y € pyHHyBaHHS reTepOreHHOT MaTpHIll, 30JbIIEHHS IOl MOBEpXHI Ta
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MOPUCTOCTI LIETIOIO3HOTO Martepiany, a TaKOX 3BUIBHUTH BYIJIEBOJU BiJ 3B’A3KY
JITHIHY, TAM CaMHM THOKpaIyro4yu (hepMEeHTaTUBHY 3aCBOIOBaHICTH [1].

[lepeTBOopeHHsI mMoOdicaxapuiiB SBJIAE€ COOOK €(PEKTUBHICTH T1IPOIIZY
JITHOIIETIOJI03HO1 010MacH Ha OCHOBI 11 monepeAHb01 00pOOKH Ta TOCTYITHOCTI JIJIst
dbepmeHTiB. 3a ieaTbHUX YMOB YCI TOJlicaxapuyd B JITHOIETIONO3HIA OioMaci
TIAPOMI3YyIOTECS B MOHOCAXapuau. 3a3BWUail HE BCi MOJicaxapuId MOXYTb OyTH
KUIBKICHO TIJIpOJII30BaHI B MOHOCAaxapuau. 3alUIIAOThCA JICSIKI IOJicaxapuaHi
JIAHIIOTH, 0COOIMBO HAWMEHIII TJOCTYTIHI.

3B’S130K MK MONEPEIHBOIO MIATOTOBKOIO JITHOIIIIONO03HOT CUPOBUHH Ta
CTYIIEHEM KOHBEpTAIlll IIeNI0JIO3M B pe3yibTaTi (EepMEHTATUBHOTO TIAPOII3Y
BHUBYaach OaraTbMa aBTOpaMmu, 30KpemMa [2].

Metow poboTu Oyio BU3HAYEHHS BIUIMBY OOpOOKU JYXKHOI AMcCHepcii
COJIOMH MIIEHUYHOI B POTOPHO-IYJIbCAI[IHHOMY amnapari Ha MBUAKICTb KOHBEPCIT
LETI0JI03U B pe3yJibTaTi PepMEHTATUBHOTO T1POTI3Y.

Marepiaau i merogu. CupoBuHOIO Oyna cojoMa MIICHHUII HACTYIMHOTO
ckiany (% mac./mac.): nemtonosa 45,6 %, nirain 17,1 %, eKCTpakTUBHI PEUOBUHU
5,4 %, reminentonosu 25,8 %, 3ona 4,2 %., nmoapiOHEHA 10 CEPEIHBOTO PO3IMIPY
gyactuHok 0,1...04 mm. OOpoOka Ty>KHOi CyCHeH3li COJIOMH MIIEHUYHOI
Bi0yBajiach B JIOCHIIHIM YCTaHOBIII 3 PEaKTOPOM-3MIIIyBauyeM, 110 € POTOPHO-
nyJbCallitHUM anaparoM. Biiieni micis nonepeaHboi 00poOku, HEeUTpati30BaHi,
BII(pIIBTPOBAHI, MPOMUTI Ta BUCYLIEHI1 3pa3ku OyJo MiIJaHO (PepMEHTAaTUBHOMY
rigpomisy i3 Bukopuctanasam 35 FPU/r nemonasu 3 Trichoderma reesei (Celluclast
1,5 L) i 61,5 FPU/r nemmonasu 3 Aspergillus niger (Novozym 188) B miurparHo-
HaTpiiloBomy Oydepi (pH 4,8, 50 MM). IloTiM riapomizaT HeHTpUudyryBaiu s
300py CyMepHATAHTY /I BU3HAYEHHS BUXO0/Iy MOHOMEPHOTO I[yKPY 3a IOTTIOMOTOO0

BI'PX.
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PesyabTaTn

[TopiBHSIHHS pE3yNbTaTIB MOMEPETHBOT MIATOTOBKUA COJIOMU TMIIEHUYHOI (
rigpomoayns 1:10) 10 Tigpodizy METOIOM IHCKPETHO-IMITYJIBCHOTO BBEICHHS
eHeprii 3a Temreparypu oOpooku 90°C, 3a mBuAKOCTI obepTaHHs portopa 47,75
00/c Ta aBTOKJaByBaHHSAM 3a TemmepaTypu 121°C mporsaroMm ofHi€l TOAUHH 3a
PI3HUX KOHLIEHTpALlii JYTy MPEICTaBICHO Ha PUCYHKY 1.

3 PUCYHKY MO’KHa 3pOOMTH BHCHOBOK, IO OOpOOKa METOAOM JUCKPETHO-
IMITYyJICHOTO BBEJIEHHS €HEPrii MPU3BOAUTH JO IMiABUILIECHHS MIBUIKOCTI KOHBEPCIi
[EII0JI03U I BChOTO Jlana3oHy KOHIEHTpaiiil nyry. Tak, mpu KOHIEHTparlii
ayry 1% miaBuIlieHHS IMBUAKOCTI KOHBepcii memrono3u cknama 48,7% mpu
aBTOKJaByBaHHI Ta 53,4% mnpu 00poowi. st kKoHuenTpauii ayry 2% IIBUIKICTb
KOHBepcIi 1enono3u ckiana 57,8 ta 65,85 % BianoBiaHo. st KOHIIEHTpAIIil JyTy
4% mBHIAKICTH KOHBEpCIi 1emtono3u ckiana 64,6 ta 73,59 % BignosigHo. Bmict
JITHIHY micis nonepeaaboi 00podku 1% KoHIIEHTpalli€ero JIyry ctaHoBuB 3,9% B
aBTOKnaBl Ta 3,67% B 00poOmi. Jis xoHmeHtpamii gyry 2% BMICT JITHIHY
ctaHoBUB 3,45 1 2,99% BinnosinHo. s koHueHtpauii Jiyry 4% BMICT JIITHIHY

cTtaHoBMB 2,6 1 2,3% BIAIIOBIIHO.
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Puc. 1. 3anexxHicTh KOHBEPCIi LIETIOI03H B Pe3yIbTaTi (epPMEHTATUBHOTO
TiApOoi3y micis nmonepeaHboi 00pooku B aBTokiasi (121°C) ta nuckpeTHo-
IMITyTbCHUM TiiABeeHHsM eHeprii (90°C; mBuakicts odoepTanHs poropa 47,75

00/c) pu koHIeHTpaisax ayry 1, 2 14 (% mac)

BucHoBok:

B pesymbrari gmochijpkeHb  OyJlo  BCTAHOBJIEHO, IO  ITiIBUIICHHS
KOHIIEHTpAIli JIyry TMPOTIrOM JY>KHOI TMONEPeAHbOI TMIJATOTOBKH  COJIOMH
MIIEHUYHOI HUITXOM OOpOOKHM METOJ0M JUCKPETHO-IMIYJBCHOTO BBEJACHHS
eHeprii NpU3BOAUTH JO MIiJBULICHHS IUBUIKICTh KOHBEpPCIi LEIIONI03U MpH
HAaCTyImHOMY (epMEeHTAaTUBHOMY Trifipoii3i. BuszHadyeHo, 1mo o0poOka  crpuse

M1JIBUIIICHHIO IBUAKICTh KOHBEPCIi IIEJI0JI03U B MOPIBHIHHI 3 AaBTOKJIABYBaHHSIM.
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MODERNIZATION OF THE PLANT FOR THE PRODUCTION OF
COMPLEX ADDITIVES FROM THE SALT MELT WITH THE
EXPANSION OF THE EVAPORATION APPARATUS
Student Lapin Y.M., associate professor, Ph.D. Huliienko S. V.,
professor, Ph.D. Marchevskiy V. M.
National Technical University of Ukraine
«Igor Sikorsky Kyiv Polytechnic Institute»
Abstract: The production of fertilizers with granulation of salt melts is
considered. The technological scheme and its description are given.

Key words: salt melt, granulation, evaporation apparatus.

MOIEPHI3AIIA YCTAHOBKHN BUPOBHULITBA KOMIVIEKCHHUX
JAOBPHUB 3 COJIBOBOI'O IIVTABY 3 PO3POBKOIO BUITAPHOI'O
AITAPATA.

Crynenrt Jlamin SI.M., noueHrt, k.T.H. ['ynienko C.B.,
npodecop, K.T.H. MapueBcbkuii B. M.

HaunionanbHUil TeXHIYHMI YHiBepCUTET Y KpaiHu
«KuiBcbKuil nmoiTtexHiyHui iHcTuTyT iMeHi Irops Cikopcbkoro»
Anomauin: Pozenanymo upobHuymeo 000pus i3 2panyiby8anHiIM CONbOBUX
nnaeis. Hasedeno mexnonociuny cxemy ma ii onuc.

Knwuogi cnosa: convosuii niag, 2pamyno8ants, SUNAPHUL anapam.

The purpose of granulation is to obtain a substance in the form of a loose,
non-adhering product consisting of uniform, strong granules with a diameter of
1.5-3 mm.

The granulation process is carried out in special apparatuses-granulation
towers. The towers mainly granulate mineral fertilizersthat can be obtained in

molten form: ammonium nitrate, urea, complex fertilizers containing nitrogen,
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phosphorus, and potassium. The float is sprayed in the upper partof the tower with
the help of centrifugal, static or vibrating granulators, which are devices for
obtaining the most equal- sized drops of melt and for their distribution in the tower
along various trajectories.

The main requirements for granulators used ingranulation towers are as
follows: obtaining uniform drops of a given diameter without intensive dust
formation; Uniform distributionof drops (granules) over the entire volume of the
tower; long run of the granulator without clogging; reliable operation of the
granulator mechanisms; the ability to work in a wide range of loads with a stable
granulometric composition of the product; simplicity of operation high corrosion
and erosion resistance; ability to adjust the size of pellets while maintaining their
uniformity: eliminating the possibility of collision of pellets in flight.

Currently, melts of ammonium nitrate, urea, and complex fertilizers are
pelletized in the industry. The physical properties of industrial melts subject to
granulation are different. The viscosity of melts at the spray temperature is very
different.

During melt granulation, physical properties such as viscosity and surface
tension undergo rapid changes after they flow outof the granulator holes. For these
reasons, the value of the surface tension coefficient of the melt undergoes even
greater changes.

Solid impurities contained in the melt have a great influence on the process
of effluent flow and granule formation. The amount of solid impurities in the melt
depends on many factors: the type of additive used, the technology of its
preparation, the quality of softened water, and the specifics of the technological
schemeof production. In some cases, a scale-like film of salts is deposited on the
surfaces of pipelines, granulator tanks, and flow holes in contact with the melt. If
you do not apply special hydrodynamic modes of operation of the granulator, then
the holes are often clogged after several hours of operation.
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Complex fertilizer float is a mixture of NP fertilizer float and powdered
potassium chloride. The properties of this dispersed system are even more variable
with temperature changes.

For granulation of complex fertilizer floats and floats with a large amount of
sludge, granulators are necessary that allow the use of relatively large flow holes,
but allow you to get fairly uniform pellets of a given size without sticking

andclumps of water in the tower. Centrifugal granulators are most acceptable here.

of production of complex fertilizers from salt melt is shown in

4 - HNOj collector; 6 - pressure tank for HNOs; 7 - mixer: 8 - collection of
replacement acids; 10-pressure tank; 11 - neutralizer; 12 - collector: 13 -
evaporator with remote heating chamber; 14 - collection for swimming; 16 -
pressure tank for melt; 17 - mixer: 18 - granulator; 19 - granulation tower, 20 -
fan; 21 - scraper, 22 - belt conveyor: 23 - cooling drum, 24 - elevator: 25 - screen,
26 - crusher, 27 - cyclone; 28 - fans; 29 - drum-conditioner; 30 - bunker for
powdering additive; 31 - capacitor; 32 - vacuum pump: 33 — scrubber
Fugure 1 — Technological scheme
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Phosphoric acid with a concentration of 52-54% P,0s from the collector 1
pump 2 through the pressure tank 3 is fed into the mixer of acids 7. Here from the
collector 4 pump 5 is supplied with nitric acid concentration of 47-56% HNOs..
The mixture of acids from the mixer 7 enters the collector 8, from where it is sent
by pump 9 through the shut-off tank 10 to ammonization saturator 11.
Ammonization of the acid mixture is carried out at atmospheric pressure with
gaseous ammonia to a pH of about 4,5. Due to the heat of the neutral reaction
neutralization of acids in the saturator develops a temperature of 115-120 °C. Part
of the water on the reaction mixture evaporates. The gas-vapor mixture from the
saturator passes through condenser 31, where water vapor is condensed, and then
enters absorber 33, where it is purified from ammonia.

The nitrate-phosphate solution from the saturator with a moisture content
of 22-26% enters the collector 12, from where it is sent by a pump 34 to a vacuum
evaporator 13 with an external heating chamber and natural circulation.
Evaporation of the solution is carried out at a residual pressure of 28-30 kPa and a
temperature of 170 °C. Heating steam is supplied to the heating chamber of the
vacuum evaporator at a pressure of 1.3-1.5 MPa. The vapor-gas mixture released
during evaporation enters the condenser 31, where water vapor is condensed.
Uncondensed vapors and gases are fed by a vacuum pump 32 for purification into
an absorber 33 irrigated with water, and then by a fan 28 they are thrown into the
atmosphere.

The melt of nitroammophos with a moisture content of up to 1% from a
vacuum evaporator it enters the heated collection 1. From here, the melting pump
is 15 years old. They are fed into the pressure tank 16 and then into the
granulation tower 19.

In most modern workshops producing complex fertilizers in floating,
evaporators are installed directly on granulation towers, which increases the overall
height of the latter, HO removes the difficulties associated with the supply of
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easily crystallizing melts with volume (1.45-1.55 g/cm?) to a greater height. K
Same high density

When obtaining NPK fertilizers, the melt of nitroammophos in mixer 17 is
mixed with potassium chloride, due to the reactions occurring during the
interaction of the NP-melt with potassium chloride, the viscosity of the salt system
increases with time. In this regard, the residence time of KS1 in the mixer should
be minimal (as a rule, no more than 30 s).

Sprinkling of the melt in the granulation tower is carried out by a
centrifugal type granulator with a conical perforated shell. Melt droplets formed
during splashing crystallize in the process of falling due to their cooling by air
drawn through the tower by fan 20.

The pellets that have fallen to the bottom of the tower are removed with a
scraper and fed to DILNIK 23, where they are air-cooled from 85-95 to 40-45°C.
Some drying of the granules also occurs during the cooling process. Next, the
granulated product is classified and conditioned. Re-tour. which is a granule of
non-standard size, is returned for dissolution to the melt collector 1. The amount of
reture usually does not exceed 5-8% of the amount of the finished product.

The the evaporator is the main apparatus in considered technological
scheme. Therefore the miodernization of thechnological sheme souhld indlude the

modernisation of this apparatus.

References

1. Fundamentals of complex fertilizer technology. A. Kononov.-1988.
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Benzene, or phenyl hydrogen is an organic chemical compound with the
molecular formula C¢Hs. The benzene molecule is composed of six carbon atoms
joined in a planar ring with one hydrogen atom attached to each. Because it
contains only carbon and hydrogen atoms, benzene is classed as a hydrocarbon.

Like unsaturated hydrocarbons, benzene burns with a highly smoky flame.
Forms explosive mixtures with air, mixes well with ether, gasoline, and other
organic solvents, with water forming an azeotropic mixture with a boiling point of
69.25 ° C (91% benzene). Solubility in water 1.79 g/ 1 (at 25 ° C).

Benzene is a natural constituent of crude oil and is one of the elementary
petrochemicals. Due to the cyclic continuous pi bonds between the carbon atoms,
benzene is classed as an aromatic hydrocarbon. Although a major industrial
chemical, benzene finds limited use in consumer items because of its toxicity.

Benzene is the main component of gasoline. It is also used to create
veterinary, medical products, synthetic rubber, dyes, plastics, and many other
elements. It is also part of crude oil, but in industry, it is synthesized from other
components [1].

The main structure in the purification of benzene is the rectification column.
Rectification column is designed for separation of liquid mixtures,

components of which feature different boiling points. The rectification column

refers to a vertical cylinder with contact devices mounted inside [2].

The technological scheme of the benzene purification process is shown in Figure 1

[3].
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1 - coke oven; 2 - gas pipe; 3, 8, 12 - refrigerators; 4 - electrostatic

precipitator; 5 - gas blower; 6 - separator; 7 - installation for the capture of

ammonia and pyridine warnings; 9 - absorber; 10, 13, 16, 17, 18, 19 - heat
exchangers; 11 - desorber; 14 - distillation column, 15 - steam generator; 20 -
heater; B - coal; ¢ - resin; Ilo - pyridine bases; x - coke oven gas; 6+t - crude
benzene and toluene; mos — air

Figure 1 - Technological scheme of benzene purification

The main sources of benzene are coking coal products (coke gas and coal tar) and
petroleum products. The resulting coke gas is passed through an efficient system of
condensers and scrubbers to separate the products that are part of it.

Volatile coking products (direct coke gas) from furnace 1 enter through risers into
the gas collection pipeline 2. Primary cooling and condensation of gas occurs due
to the evaporation of ammonia water, which is pumped into the pipeline through
special sprinklers. The coking products are cooled to 85-90 ° C, a part is
condensed. From the gas collection pipeline, the coke gas enters the refrigerator 3,
which is cooled to 30-35 ° C, while an additional amount of resin is condensed.

The gas coming out of the refrigerator contains tar mist and passes through an
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electric filter 4 to separate it, after which it is sent to the unit 7 by a gas blower 5 to
capture ammonia and pyridine bases.

Condensate from the gas pipeline 2 of the refrigerator 3 and the electrofilter 4 is
separated in the separator 6 into organic and aqueous layers. The organic layer is
coal tar containing high-boiling organic substances; is sent to the "tar" shop for
processing. The aqueous layer (ammonia water) is partly returned to the collecting
pipe 2 for primary cooling of the coking products, and partly directed to the same
place where the coke gas goes after the electrostatic precipitator: to unit 7. This
unit has an ammonia evaporator from ammonia. of water, a saturator for absorbing
bases with sulfuric acid, an ammonium sulfate crystallizer, an apparatus for
displacing pyridine bases with ammonia from their sulfates.

The gas after installation 7 contains vapors of volatile organic compounds
(benzene, toluene). To catch them, the gas is cooled with water in the refrigerator
directly 8 mixing and sent to the absorber 9, irrigated with absorbent. The so-called
return coke gas coming from the absorber is used to heat the coke ovens. A
significant part of the gas goes to chemical processing. The saturated absorbent oil
coming from the lower part of the absorber passes through the heat exchanger 10,
which is heated by the regenerated return oil and enters the desorber 11. There is a
distillation in which a mixture of light aromatic compounds (crude benzene) is
distilled. The crude oil released from the crude benzene gives heat to the saturated
oil of the heat exchanger 10, is further cooled in the refrigerator 12 and is again
used to absorb benzene hydrocarbons from the coke gas.

The aim of the diploma project is to modernize the rectification column.
Advantages:

» High productivity
« Simplicity of design
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Disadvantages:
1 In the event of an emergency increase in steam consumption, the column
stops working efficiently
This disadvantage of the column is proposed to be eliminated thanks to the
installation of a cover on the cap, which, in case of an emergency increase in
steam, rises and the excess steam escapes.

The figure 2 shows us the scheme of the modernized cap of the rectification
column.

/

L yala

Z 7

1 — body of the plate, 2 — tube, 3 —slits, 4 — canal, 5 — plate (modernization),
6 —cap, 7 —nut
Figure 2 — the scheme of the column cap modernization.
In this way, the disadvantage of the rectification column was eliminated and

the reliability of the design and the safety of the benzene purification process were
ensured.

References:
1. https://en.wikipedia.org/wiki/Benzene
2. https://bts.net.ua/eng/column/column2/
3. Rusyanova N.D. Carbon chemistry. - M.: Nauka, 2000. - 289 p.
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JOCJIZKEHHSA MTPOLECY CYHIKU BYTI'VIBHUX LHIJIAMIB
Hronsmyk A.M., Kocrorpus K.II., XBacrtyxin FO.1.

Incmumym 2a3y HAH Ykpainu, m. Kuis, Ykpaina

[lepepoOka BiAXOMIB Ta MPOAYKTIB ByrJie30aradueHHs, TaKuX K BYTUIbHI
IIUIAMH € aKTyaJIbHOIO HE TUTBKHU 3 TOYKH 3 TOYKH 30PY 3MEHIIECHHS €KOJOTIYHOTO
HABAHTAKEHHA HA OTOYYIOUE CEpelioBHINE a 1 B acmekTi e(eKTHUBHOrO
BUKOPHCTAHHS BUKOTTHUX ITJTUB.

Onniero 3 pobieM po3poOKH ePEKTUBHUX TEXHOJIOTI BUITYYSHHS MATMBHOT
CKJIQZIOBOi € MPOIIEC CYIIIHHS NUIaMIB, OCKUIBKM iX BHCOKAa BOJIOTICTh POOHTH
nepepoOKy TakUX BIAXOAIB HepeHTabenbHOow. JloJaTKoBOIO MpoOJIEMOI0 B
TEXHOJIOT1i CYIIIHHA € BHCOKA JUCHEPCHICTh BIAXOJIB, iX 3AAaTHICTH JO
arjioMepallii Ta HaJUIaHHS, a TaKOX 3JAaTHICTh 10 3allMaHHA MPU BIJHOCHO
HEBUCOKHUX  TEMIEpaTypax. JUIiss  OIIHKK  JOUIIBHOCTI  MHepepoOKu
MaJMBOBMIIIYIOYMX BIJIXOJIIB Ta BU3HAUCHHS TEXHOJOTII CYIIIHHS HEOOXITHO
BCTAHOBUTU iX TOYATKOBY BOJIOTICTh, 3JaTHICTh JO arjioMeparii, 30JbHUN
3QJUIIOK, TEeMIeparypy 3aiimMaHHs, ¢pakuiiHui ckiaax Ta  JUHAMIYHI
XapaKTEPUCTHKHU TIPOIIECY CYITiHHS.

3 MeTol OJepKaHHS BHXIIHUX JaHUX JUIsI PO3POOKH ONTHMAIbHOI
TEXHOJIOT1i CYIIIHHA Ta BUKOHAHHA TEXHIKO-€KOHOMIYHUX PO3PaxyHKIB, Ha
nabopatopHUX cTeHaax [HCTUTYTy ra3y OyJjio MpPOBEAEHO AOCIHIKEHHS MPOIYKTY
Byrje30arayeHHs BYyriIbHUX IIJIaMiB OJTHOTO 3 YKPAiHCHKHUX BYT1JIBHUX POIOBHIL.
Jlocniay 3 TUHAMIKU CYIIIIHHS MPOBOAMIMCH B My(eNbHIM medl mpu TeMneparypi
(T) 105 °C nns 3ano0iraHHs BUITYyYEHHS JIETKUX KOMIIOHEHTIB BYTUJIBHOTO HIIaMY.
[lepiomuunicTe BiAOOPY MaHWUX 13 JBOX 3pa3KiB MaTepiany ckiagamra 10 Xs.
Posmipu ¢paxuii dg, BUX1ZHOTO MaTepialy 3TiIHO CUTOBOTO aHaji3y CKiIaaaroTh: 0
... 0,25 mm — 30%; 0,315 ... 0,63 mm — 50%; 1 ... 2,5 mm — 20%. PesynbTatu
JTUHAMIKH CYITIHHS MTOKa3aHo Ha puc. 1.
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Pucynoxk 1 — Jlunamika CylriHHs BYTUIbHOTO IIJIaMy

Sx BuaHO 3 Tpadixy mouatkoBa BoisoricTh Mmatepiany (W) cknamae 27%.
CymriHHs B My(QenbHii medl BYrUIbHOIO HUIaMy TpHUBae 3 roauHU. Bropomosix
I[OTO 4Yacy CIIOCTEPIraloThCs TpW eTanmu cyiniHHg. [IporpiBanHs Mmarepiaiy
npotsrom neprmx 30 xBuauH. Jlani Bij0yBaeThcs €Tan IHTEHCUBHOTO CYIIIIHHS Ta
BUJIAJICHHS HE3B’S13aHOI BOJIOTM KOTpUiMl TpuBae 2 roauHu. OcTaHHIN eTan
BUJIIJICHHSI 3aJIMIIIKOBOT BOJIOTHM 3 MIKPONIOp TpPHUBA€E MPOTATOM ocTaHHIX 20
XBUJIHH.

HactynHuMm eTanom 3 OLIIHKK AOLUUIBHOCTI NEPEPOOKU BYTUJIBHUX IUIAMIB €
BU3HAUEHHS 30JbHOCTI JaHoro wmarepiany. s 1bOro  MmpoBOJUIIOCS
IpOKaNIOBaHHA Matepiany B Turim npu temneparypi 1000 °C. Pesynbratu

MPEACTABIICHO Ha pUC. 2.
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Pucynox 2 — [IpokantoBaHHs BYT1JIbHOTO IIJIaMy B THTJI1

Hanuii rpadik [103BOJII€E BHU3HAYUTH TEMIIEpATypy CaMoO3alaltOBaHHS
Matepiany, kotpa ckiamae 590 °C 1 BinmOyBaeThCsi Ha 12 XBUJIMHI HarpiBaHHS
matepiany. Camo3amanioBaHHS Martepiany MPHU3BOAWTH 0 PI3KOTO 3pPOCTaHHS
TEMIIepaTypy, IO 1 BUJAHO HAa pUC. 2 3a XapaKTepHUM mikoM Mk 12 ta 15
XBWIMHAMHU. 3TIIHO 3 pe3yJibTaTaMU IPOKAIIOBaHHS BYTUIBHOTO ILUIaMy WHOTO
30JILHICTH cKiagac 22%.

3a pesyabTaTamMH AOCHIIKEHb 30araueHoro BYTUIBHOTO IIIJIaMy MOYKHA
3poOWTH HACTYMHI BHCHOBKH: BITHOCHO HHM3bKa BOJIOTICTH Matepiany (27%) Ta
Maja 30JbHICTh (22%) cBiq4aTh NPO €KOHOMIYHY JOLIBHICTh MEpepOoOKH TaKOTO
BIIXO/y JUISi BUKOPUCTaHHS B SIKOCTI manwBa. HasBHICTH JETKUX CIIOJIYK, IO
camo3anaitolThes npu temrepatypi 590 °C odmexye MakCUMaabHy AOIYCTUMY
TEeMIIepaTypy HarpiBy maTepially Ta TEIUJIOHOCIS JUisi WOro CyIIiHHS, a TaKOoX

51



36ipuuk Te3 qonosigeil XXI11 mixkHapoaHOT HAYKOBO-NIPAKTHYHOI KOH(pepeHIlii CTy1eHTiB,
acnmipaHTiB i MoJsioAnX BYeHUX “Pecypcoenepro3oepirarwo4i TexHoJorii Ta 00JaHaHHA”

JAI0Th MIJACTaBU Ui BHOOPY HAIpPSMKY 3aCTOCYBAaHHS JAHOTO Marepiainy sK

I1aJInvBa.

Opnepskani pe3yabTaTd OyayTh BUKOPUCTaHI IS PO3POOKH TEXHOJIOTIT Ta

BUOOpPY PEKMMHHX MAapaMETPIB IIOTO MPOIIECY a TaKOX Il BUKOHAHHS TEXHIKO-

€KOHOMIYHOTO OOTPYHTYBaHHSI.
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3ACTOCYBAHHSA MATEPIAJIIB 3 ®A30BUM ITEPEXO/IOM
B MOBIVIbHUX TEIIJIOBUX AKYMYJIATOPAX
K.T.H., ip. H. c. Konuk A.B., np. imxenep Xomenko M. B.

IncTuryT Texnivnol Temnopizuku HAH Ykpainu

AKyMyTIOBaHHS TEIUIOTH Ha0yBa€ IIHPOKOTO PO3MOBCIOJDKEHHS Ha
KOXXHOMY 3 €TaliB TEIUIONOCTAaYaHHs: TMpU TeHepallii, TpaHCHOPTyBaHHI,
PO3MOIJIEHHI Ta Y CIIOXKBaya. 3aCTOCYBAHHS PI3HUX TEXHOJIOTINA Ta 00JaJaHaHHS
JI03BOJIsIE€ 3a0€3MEUNTH PI3HY TEIUIOBY MOTYXHICTh, TEMIEPAaTypHUI Jlana3oH Ta
yac akymymoBaHHS. OJHUM 3 HaWOUIBII TEpPCIEKTUBHUX HAIMpPSIMKIB €
aKyMYJIIOBaHHS Ha OCHOBI TEXHOJIOTii MPUXOBAHOTO (JATEHTHOIro) 30epiraHHs
eHeprii abo TtemnoTu (azoBoro nmepexoay. B skocti pobGodoro Tina
BUKOPUCTOBYIOTh MaTepiaii abo pedoBUHM 3 (Ha30BUM MepexonoM. Taky
TEXHOJIOTII0 3aCTOCOBYIOTb y MOOUIBHHUX TEIUIOBUX aKyMYJSITOpaX, OCKUIbKU
OCHOBHOIO I€PEBArol0 € 3HaYHa TEIJIONPOIYKTUBHICTh MPHU BIJIHOCHO HE BEJIMKUX
o0’emax. TakoX BaXJMBUM AacHEKTOM € TEeMIEepaTypHU [lana3oH, SKHUM
3a0e3MeuyeThCsl TEMIIEpaTyporo (a3oBoro mepexony MiAiOpaHoi PEUYOBMHU UM
Marepiany.

Heo0xi1HO 3a3HaunTH, 110 HE ICHYE YHIBEPCAJIBHOTIO Marepiaiy 3 (pa30BUM
nepexogom (maimi PCM, Phase Change Materials), mo 3a0e3neuye pi3Hi poOoui
TEMIIepaTypyd Ta IHIII TEXHOJIOTIYHI MOKAa3HUKU. TOMy HOBUM HaIpSIMKOM Yy
XIMIYHUX TEXHOJOTISX, 10 JUHAMIYHO PO3BHBAETHCS, € CTBOPCHHS KOMIIO3UIIIN
MarepiamiB 3 (a30BUM  TEPEXOJOM 3  PI3HOMAHITHUMHU  TEIJIOBUMU
XapaKTepuCTHKaMu. BaxnuBuM (HakToOpoM iX 3aCTOCYBaHHS € HETOKCHYHICTD,
MOXKEK0-BUOYX00€e3medHIcTh, ockiibkn PCM mpaiftoe B €MHOCTI, 1[0 BECh 4ac
PYXAETHCSI TPOMATICBKUMH IIISTXaMH.

Jlns orpumanHs skicHuX 1 Oesmeunnx PCM B Institute Fraunhofer
UMSICHT ©Ha oOCHOBI KOMIUIEKCHHX pOOIT po3pobieHo mokymeHT [1] 3
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OCHOBHUMHU IIOHATTAMH, IIaApaMCTpPaMH Ta MGTOI[OJ'IOFiEIO, 3a JAKOIO BiI[6YBa€TBCH

JOCITIKEHHS 1 cepTudikariiss HOBUX MaTepialliB 3 (pa3oBUM MEPEXOI0M.

3rigHo [l] OCHOBHMMM TapamMeTpaMH, IO PErVIAMEHTYIOTh aJIeKBaTHY
po6oty PCM 1 HOpMYIOTBCH €:

- Jmiama3oH Temmeparyp a3oBOr0 MmepexoAy 1 KUIbKICTh HAKOMHYEHOT
terioBoi eHeprii (m.3.5.1.1 Jlo3BosieHi meTonu BuMiptoBaHHs, 1.3.5.1.2 3mict
pe3yabTaTiB BUIPOOYBaHb Ta MPOTOKOIY BUIPOOyBaHHS, 1.3.5.1.3 BukonaHHs
BUMIPIOBaHHs);

- teronpoBigHicTh (11.3.5.2.1 Jlo3BoJjieHi MeTonu BUMIiprOBaHHA, 11.3.5.2.2
3MICT pe3yJabTaTiB BHUIPOOYBaHb Ta NPOTOKONY BUIpoOyBaHHs, 11.3.5.2.3
BukoHaHHs1 BUMIpIOBaHHS);

- CTallIpHICTH Mpu TepMmorukiaoBanHl (1.3.5.3.1 Jlo3BoJjieHi MeToau
BUMIpIOBaHHA, 1.3.5.3.2 3MICT pe3ynbTaTiB BUIOPOOYBaHb Ta MPOTOKOIY
BUNpoOyBaHHs, 11.3.5.3.3 BukoHaHHS BUMIpIOBaHHS);

- IepeBIpKa KPUTEPIiB SIKOCTI.

3a ocranHi poku B €Bpomi, Kurai Ta fnonii Oynu moOymoBaHi MOOiIBHI
teroBi akymynstopu (mami M-TES, Mobile Thermal Energy Storage), mio
3aCTOCOBYIOTh pi3HI 3a ckiagom PCM. IlepeBaxHo, 1€ KOMIMO3UIli, 10 Oyiau
CTBOPEHI JIJisl TIEBHUX YMOB, B SKUX Mpaitoe KoxxHuii okpemuit M-TES, Bigctanb
TpaHcnopTyBaHHA Bif 2 A0 20 KM BiJ JpKepena TEIJIoTH 0 crnoxuBaya [2]. YV

Tabnwuii 1 mpeacTaBiIeHO OCHOBHI XapaKTePUCTUKHA TPAHCIIOPTYBAHHS.
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Tabmui 1. — XapakTepuCTUKHU TPAaHCIIOPTYBaHHS TeII0OBOi eHeprii M-TES

Termmosa |PCM, Jxeperno CnoxxuBau Hucraniis | Po3poOHuK
IpOayK- |00’eM TEIJIOTH TPaHCIOPT
TUBHICTb yBaHHS,
KM
1 2 3 4 5 6
200 Tpurigpar | Oynb-sKe - - Institute
kBt/ron |amerary 3 Fraunhofer
HATPIIO TEMIIEPaTyPOIO UMSICHT [3]
no 115
2,3 Zeolite nap BiJl CMITTe- | TSI 7 research center
MBrt/ron | (14 tons) | cmamoBalIbHOT | 3apsIKAHHS ZAE  Bayern
0 3aBOJY CXOBHIIIA [4]
rapsauM
noBiTpsm 130
°Ci
nporiecy
CYIIIIHHS
4 TiIPOKCHU]] | BIATIpAIlbOBaHE | KyXHi - by LSG Sky
MBT/rox | 6apiro TETLIO0 BiJ[ | €IEKTPOCTAHI] Chefs, Cologne
(25 M°, | enexTpocTanii | ii [5]
LSG Sky

Chefs)
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[Tponorxenus Tadaui 1

1 2 3 4 5 6
- - BiJIMpaIibOBaHa napa | monepeanin | 20
3aBOJY igirpis Osaka, Japan
enekrpoHikn SANYO | 3BOpOTHOI [6]
BOJM KOTJIa
- - TEII0  30upajoch 3 | MiChbKa 2,5
OYHMCHUX  CHOpPYA Yy |TiMHAa3is
M. Kiitoce
- - yTHITI3aIlil BUXJIOMHUX | TpOMajJichbka |3
rasiB 13 meui BiJnany JIa3HA
CTaJICIMBAPHOTO 3aBOJIY
B M. Ocaka
6,5 HECM- BiJIITpaIibOBaHE TETLIO CycimHi - Zhongyineng
I'Tx |WDO03 3 | cTaJIeBapHOTO 3aBOJY B | rOTEIi (Beijing)
JonaBaHHaIM | M. JlamsHa Technology
pinko- Co,
3eMeJTbHUX China [7]
€JICMEHTIB
- - BiIMpaIibOBaHa mapa OTIaJICHHS - Qingdao
€IIEKTPOCTaHIII{ CYCITHBOT Aohuan New
IITKOJIN Energy Group
Co., Ltd.,
China [8]

3actocyBanHa M-TES n03Boiisie BUPIIIUTH HU3KY NpoOJieM, MOB’S3aHUX 3

3a0€e3IeYeHHAM

BlUTAJIEHUX

IIOOANHOKHNX
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HaJ3BUYAHHUX CcHUTyarlii. Maibke y BcCiX BuUIAgkax BuUKopucTaHHs M-TES
JKEPEJIOM TEIUIOTH € TIOTY>KH1 BTOPUHHI PeCypCH, 110 pO3TaIlloBaH1 HEMOIaJliK BiJl
cnoxkuBada. BTEP, mo BUBIIBHSIIOTHCS i 9ac poOOTH MIAIPHEMCTB, TO3BOJISIFOThH
3HU3UTU HE JIMIIE BUKUAM B OTOUYIOYE CEpelOBUINE, a MW 3acTOCyBaTH iX 3
MakcUMaJbHOIO BHUrojaoio. TerutoBa eHepris Big BTEP mae pi3HI moTyXHOCTI,
ToMy 1 oOmaguanHs, a came PCM miaiObpaHo BiAMOBIAHO A0 BUXIAHUX YMOB. Y
KOXXHOMY 3 OINKMCAHMX BHMAJKIB BUKOpHUCTOBYBaiM pizHi PCM wmartepianu, 1o
BIJIOBIJIAIOTh PEAJbHUM YMOBaM eKcIulyaramii. Sk mnpaBwio, iX ckiuag Ta
XapaKTEPUCTUKU € TPEIMETOM 3aXHUIIEHUM IMPaBOM IHTEIEKTYyalbHOI BJIACHOCTI,
TOMY TEXHIYHUX XapPaKTEPUCTUKU HE PO3TOIOLITYIOThCS.

B Incturyti TexniuHoi termnodizuku HAH VYkpainu npoBoasTecs poOoTH
Haj ckiagoM PCM matepianiiB, IO MOXYTh 3aCTOCOBYBAaTHCh B O0’€Mi Ta IMpHU
BUTIKaHHI B KaHanmax [9-12]. YactuHa po3poOOK BUKOpUCTaHA B MOOUIBHOMY
akymynaropi 0,5 MBT y sIKOCTI akyMyJIALIHHOL piUHU.
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VIIK 624.21

MHNEPCIIEKTHUBU BIIPOBAJI’KEHHSI HOBITHIX MATEPIAJIIB
Y IIPOI'OHOBUX BYJIOBAX MOCTOBUMX CIIOPY ]
oy . k.m.u., Pyonvoe A.B.

ka@d. MocTiB TyHeJiB Ta rigporexHiyaux cnopya HTY

[HTEHCUBHUI PO3BUTOK KOHCTPYKIIMHUX KOMIIO3UTHUX MaTepiayliB MOYaBCS
B 1960-X pp., KOJU 3aBASKH YCIiXaM XIMIYHHUX TEXHOJIOT1i 3'SIBUIMCS BUCOKOMIIIHI
1 BUCOKOMOJIYJIbHI (III0 BOJIOJIIOTH BHUCOKHUMH MOJYJISIMH TPYXKHOCTI) BOJIOKHA:
OOpHI, ByIJICIIEBl, KapOiIOKPEMHIEBI, OKCUJIHI, OpPTraHiuHi. BOJIOKHA, HUTKOTO/110H1
MOHOKpPHCTAJIA Ta 1H. BracTUBOCTI AESKUX BUIB BOJIOKOH 1 apMOBAaHMX HUMH
MaTrepiaiaiB  JIEMOHCTPYIOTb MOXJIMBICTH iX BHUKOPHCTaHHS B 00 €KTax
TpaHCHIOPTHOTO OyiBHUITBA. [lOpiIBHSHO 3 TpaJULIMHUMH MaTepialaMi SKl
BUKOPUCTOBYIOTHCS Y MOCTOOY/IIBEIIbHIN raidy3i, BHCOKa MIIHICTh BOJIOKOH J1a€
IIUPOKE TI0JI€ JJIs 1X 3aCTOCYBaHHS, SK B KOHCTPYKTHBHHUX TaK 1 B HECHHUX
eJIeMEeHTaX. X04a ICHye WUMOBIPHICTh TOTO, IO BOJIOKHA, 00’ €/IHaHI B ‘“‘MaTpuIiO”
MICTATh JAC(PEKTH, SKI BUKIUKAIOTh KPUXKE PYHHYBAHHS CTPYKTYPH, IO BaXKKO
BusiBuTH. HuTKOMOAI0HI X MOHOKpHCTanu, abo "Byca", 10 MarTh MPAKTUYHO
JIOCKOHANTy, Oe3l1ePeKTHY CTPYKTypy, MArOTh MIIHICTh, ONU3bKYy 10 (i3uKo-
MEXaHIYHUX MOKAa3HUKIB TPAJUUIMHUX MaTepianiB. i peanizamii BIaCTUBOCTEM
BOJIOKOH 200 IHINUX AUCKPETHUX KOMITOHEHTIB, HANPHUKJIIAJ TOPOIIKIB, CIYXKHUTb
MaTpHIls, ska 00'€qHye BCl KOMIIOHEHTH KOMITO3UTHUX MarepiaiiB, 3aXUINAEe
BOJIOKHA BijJ 30BHIIIHIX BIUIMBIB, IO CHOPUSIE PIBHOMIPHOMY PO3MOALTY
HABAHTAKEHb MK OKPEMHUMH BOJIOKHAMU 1 JO3BOJISE CTBOPIOBATH KOHCTPYKIIIO
HEO0OX1IHOT MIITHOCTI Ta Ae()OPMATUBHOCTI.

MinHICTh TpH  PO3TAT  KOMIIO3UTHOTO MaTepiany 3 Oe3nepepBHUMU
BOJIOKHAMU MOKe OyTH BU3Ha4YeHa 3a (HOpMyII0r0
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kaif—’oj"/'f‘”r;z(l‘—lj) (1)

g o
/ - MIIIHICTBb BOJIOKOH,

’

Om . HaAIPY>KEHHs B MaTPUIll B MOMEHT pyHHallii BOJIOKOH,

Vf - 06’eMHa 101 BOJIOKOH y KOMIIO3UTHUX MaTepiaiax.

3MinHiItouni e(eKT BOJOKOH Y KOMIIO3UTHUX Mareplajax CIOCTEPIraeThecs
JUIIE KOJIM iX 3MICTOBHICTb NepeBuillye 3HaueHHs Vkp; npu V<Vkp poib
BOJIOKOH aHaJloTiyHa JedekTaM B MaTpulle, M0 MNPU3BOAUTH JIO 3HIKCHHS

MILIHOCT1 Y BiAMOBIAHOCTI 3 PIBHSHHSIM

Oxs="Ym 1 -vh 2)

JUtst OUIBII TOYHOTO PO3PAXyHKY MIIHOCTI, HEOOXITHO B 11 (OpMYyIy
BBECTH PsJ] KOC(]IIIEHTIB, 110 BPaxOBYIOTb JUCIEPCIIO MIITHOCTI BOJIOKOH, iX
YaCTKOBY pa30pICHTAllll0, HAsBHICTh  BHYTPIIIHIX  HAMpY>KEHb, IMOPHUCTICTh
maTtpuli Ta iHme. Came Iie XapakTepu3ye IHUPOKE AOCTIAHUIIBKE TOoNie IS
MOCTOBOI TaTy3i.

OckUIbKM B JaHMM Yac 3aCTOCYBaHHS KOMIIO3UTHUX MarepiaiiB s
MOCTOBUX MPOrOHOBUX OynoB ampoOoBaHO B kpaiHax IliBHIYHOT AMepuKH Ta
3axigHoi €Bponu, /¢ MOOYJOBAaHO 1 YCHIIIHO EKCIUTyaTy€ThCS Ha aBTOILISIXax
JECATKA MOCTIB 3 mporoHamu Big 11 mo 90M., po3BUTOK iX HOCHIIKEHb Ta

BIIPOBAKCHHS PE3YJIbTaTIB, OJIHE 3 MEPCIIEKTUBHUX HAMPABIIEHb MOCTOBOI rajy3i.
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YK 664.8.047
MOP®OJIOTTYHA XAPAKTEPUCTUKA ATl JIOXUHU
SAK OB’EKTA CYUWITIHHA
Cno6onsntok K.C., k.T.H., c.H.C., [TerpoBa XX.O., 1.T.H., T.H.C.,
['pakoB O.I1., acnipant

Incmumym mexuiunoi mennogpizuku HAH Ykpainu

Anomauia. PoOoTa npucBsYeHa aHAI3Y ATl JOXUHU K 00’€KTa CYLIIHHS.
BusHaueHO OCHOBHI OCOOJIMBOCTI CTPYKTYpH AT1J JOXWHHU, $IKI BIUIMBAIOTh HA

OCHOBHMU IIponLecc Ta CHCProBUTPaATH.

Knwuogi cnoea: CYIIIHHSA, AI'OJ, JTIOXMHA, BOJIOI'ICTDh, BICK,
MACOOBMIH.

MORPHOLOGICAL CHARACTERISTICS OF BLUEBERRY AS AN
OBJECT OF DRYING
Slobodianiuk K., PhD, Senior Researcher, Petrova Zh., Dr. Sci., Chief
Researcher, Grakov O., PhD student
Institute of Engineering Thermophysics of NAS of Ukraine

Abstract. The work is devoted to the analysis of blueberry berries as an
object of drying. The main features of the structure of blueberry berries, which
affect the main drying process and energy consumption, have been determined.

Keywords: DRYING, BERRIES, BLUEBERRY, MOISTURE CONTENT,
WAX, MASS TRANSFER.

Po3mip Ta Maca sirojiu, BMICT KICTOUOK, HasIBHICTh IIKIPKH Ta ii BJIACTUBOCTI —
TEXHOJIOT1YHI BJIACTUBOCTI CHUPOBUHH, SIKI € HAJBAKIMBUMH XapaKTEPUCTHKAMU
JUTst cytiHas i [1].
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SArona JIOXMHM CKJIQIa€ThCAd 3 IIKIPKM 3 BOCKOBUM HAJIbOTOM Ta M’ SKOTI.
Loypimai Ta iH., 2017 3rigHO OTpUMaHUX PE3yJIbTATIB HOCIIKEHb BU3HAYEHO, 1110
noxuHa Vaccinium corymbosum L. mictuts mpuGmmsro 120 Mr BOCKy/cM®, me
Tpoxu MeHIe Hix 170 Mxr/cm® criopinuaeroi Vaccinium elliotti Chapm. (Albrigo et
al., 1980) [2]. Takox aBTOpPW 3alPONOHYBAIN KIACU(IKyBaTH JIOXUHY SK
«BOCKOBY» BIIMOBIAHO a0 kiacudikamii Bocky Jlonra Emrona Xommoses Ta
Ixedpi (2005) [2].

B cBiXHX sirofax Bci Il BUIE3a3HAYEHI PI3HOPIAHI YaCTUHU (F€TepOTreHHa
CUCTEMA) 3HAXOJATHCA B CTaHI PIBHOBAardM Ta BOJIOJIIOTH MPUOIM3HO OJHAKOBUM
MOTeHI[IaIoM MaconepeHocy. Cucrtema, CTBOpeHa MPUPOIHIM HUIIXOM, € CTIMKOIO
3a IIEBHOT TeMITepaTypH Ta BOJIOTOCTI OTOUYIOYOro cepeaopuina [1].

B mporieci cyiiHHS piBHOBara mopyuryetscs. B Takomy BUIAIKy MeXaHI3M
MIEPEHOCY BOJIOTH OyJ/ie 3ajie)KaTH BiJl BIACTHBOCTEH KOKHOTO €JIEMEHTY CHCTEMHU
OKpeMo. 3araJibHUi HAIpsIMOK PYXy BOJIOTH B MPOIIECI CYIIIHHS Bl HEHTPY SITOAU
yepe3 map M’SKOTI Ta MIKIPKU B OTouyioue cepenoBuine. OTxe, MepeMillleHHs
BOJIOTU Ta MOJATBIINN 11 BUX1J 3 ATOAM 3AJICKUTH SIK BlJ] MapaMeTpiB OTOUYHOUYOTO
cepenoBuia (Bl MapamMeTpiB CYMIUIBHOTO areHTy), TakK 1 BiJl BJIACTUBOCTEH
M’SIKOT1 Ta 1IKipku. [lepexig Boioru Bifi OJTHOTO CEPEIOBUIIA JI0 1HILIOTO 3aJEKHUTh
BiJI TPaJIIEHTY MOTEHIlaTy MEPEHOCY 1 BiAOYBAEThCA BiJl CEPENOBHINA 3 OUIHIIUM
MOTEHINAJIOM JI0 CEpEIOBUINA 3 MEHIIIUM MOTEHItianom [3].

[1ix yac cyuHHS YMOBHM PIBHOBAard NOPYIIYIOThCS, 3MIHIOETHCS TEMIIEpaTypa
1 BOJIOTICTh OTOYYIOUOT'O CEPEIOBHUIIA, & TAKOX TPAIIEHT BOJOTOBMICTY Ha MEXI
M’SIKOTh — IIKIpKa, B CyMI1 1€ IPU3BOAUTH JI0 MIEPEHOCY BOJIOTH 3CEPEANHU SITOIU
710 TIOBEPXHi Ta ii BUNIAPOBYBaHHIO B OTOUYOUE cepenoBuiie [4].

3 i310J0TIYHOT TOYKH 30py IIKIpKa 3 BOCKOBUM HAJIBOTOM — 3aXHCHE
MOKPHUTTS, KOTPE 3aXHINA€E ATOAY BiJl BUCMXaHHS B NMPHUPOAHIX yMOBax. Aje 1me i

HeraTuBHUM (akTop I peamizaiii npouecy cymrinHsg [1]. ToMy sironu JTOXUHU
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noTpeOyIoTh MPaBUIBLHOT TEXHOJOTIYHOI TOMEpPeaHbOI IMIJTOTOBKH TEepen
peatizali€ro OCHOBHOTO IIPOIIECY CYIIIHHS.

Bapro 3a3HauuTH, 110 OCHOBHA OCOOJMBICTH ST JOXWHU — BUCOKHA BMICT
Boau, y cepeannbomy 81 — 87% [5]. Boma € Oe3mocepeAHiM y4aCHUKOM
O10XIMIYHUX peaKIliil y KMBHX KIITHHAX [6]. Ayie 10 CKJIaay BXOAWTH HE YHCTa
BO/a, a KIITHHHMUNA CIK — BOJA 3 PO3UMHEHMMH B Hil O10JOTIYHO AKTUBHUMHU
pEYOBHHAMH, TAaKUMH SIK: BYTJIEBOJU, a30THCTI PEUOBHHH, BITaMiHH, MiHEpaJIbHI
COJIl Ta apOMaTW4yHI pEeYOBMHU. Boja KIITHHHOIO COKY CTaHOBUTh OCHOBHY
YaCTUHY 3araJibHOr0 BMICTY BOJIOTH ILJIOJIB Ta Arij. BoHa HemilHO TOB’si3aHa 13
TKaHMHAMU POCJIUH 1 JIETKO BUITAPOBYETHCS Mij Yac cyuriHHsA. HeBenuka yactuHa
Boau (10...15% 3aranpHOi KIIBKOCTI) OLIBII MIITHO BTPUMYETHCS POCIMHHUMH
KOJIOTIaMU Ta BUAAISAETHCS 3 OUIBIIMMU CHEPTeTUYHUMH BUTpaTamu [6].

OT1xe, sik 00’ €KT CYIIIHHS ATOU JOXUHU MAaIOTh TaKl OCOOJIMBOCTI:

- IWiIBHAIHA BOCKOBHI HamiT Ha mkipri (120 Mr Bocky/cm?) [2];

- BUCOKHIA BMiCT BojIH, 0Jin3bko 81-87% [5];

- LIKIpKa e MeMOpaHa 3 MOTaHMMH BOJIOTO- Ta MAPONPUHUKHICTIO, 110
noTpedye 3 MeTOow 1HTeHCHdIKAIil CYHIHHA PO3POOJSTH METOIU MOMEPeIHbOT
MIATOTOBKH ST, SIKI CIIPSIMOBAHI Ha 3MIHY LIUX BiacTuBOocTeH [1];

- HasIBHICTh Y XIMIYHOMY CKJIaJll MABUIIEHOTO BMICTY IIYKPIB, SIK HACTIJOK 3
BUJIAJICHHSIM BOJIOTH MiJl Yac CYIIIHHS KOHIIEHTpAIlii OCTAHHBOTO B KIITHHHOMY
COIll TIJIBUIIYETHCS Ta CIOBUIBHIOE MOJAJbIIE 3HEBOJHEHHS ST JOXWUHH, IO
TaK0>X MOKE NMPU3BECTH 10 3POCTAHHS EHEPrOBUTPAT.

Bume-niepeniuennii KOMIUIEKC TpoOieM MoTpedye po3poOSieHHS METOiB
NOMNepPeIHbO1 MIATOTOBKM JIOXWUHU /10 CYUIIHHS, a TaKoX BHOOpPY palioHaIbHUX
crioco0iB 3HeBOjHEHHs srif. [IpaBuibHa momepemaHs MiATOTOBKAa CHPOBUHHU Ta
ONTUMAJIbHUMA CHOCIO CYHIIHHS MOXYTh y KOMIUJIEKCI BIUIMHYTH Ha 3MEHILECHHS

CHCPIrCTUYHUX BHUTpPAT.
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UDK 621.577
HEAT PUMP UNITS IN DRYING EQUIPMENT
Slobodianiuk K, PhD, Senior Researcher
Institute of Engineering Thermophysics of NAS of Ukraine

Abstract. The work is devoted to highlighting the relevance of the use of
heat pumps in convective drying equipment.

Keywords: HEAT PUMPS, DRYING, ENERGY, ENERGY RESOURCES,
ENERGY CONSUMPTION.

TEINIJIOHACOCHI YCTAHOBKHU B CYHINJIBHOMY YCTATKYBAHHI
Cno6omsurok K.C., k.T.H., C.H.C.
Incmumym mexniunoi mennogizuku HAH Ykpainu
Anomauyia. PoboTa mnpucBIYEHA BHUCBITICHHIO ITUTAaHHSA AaKTyaJbHOCTI
3aCTOCYBaHHS TEIJIOBUX HACOCIB Y KOHBEKTUBHOMY CYIIMJIBHOMY YCTaTKyBaHHI.

Knwuosi cnoea: TEIIJIOBI HACOCH, CVYUIIHHA, EHEPI'TA,
EHEPT'OPECYPCU, BUTPATU EHEPTII.

Today's global changes are accompanied by such negative phenomena as
thermal pollution of the atmosphere, disruption of the Earth's ozone layer and a
sharp reduction in energy resources.

A renewable source of energy, which already today in some countries and
regions provides a significant contribution to industry, is the thermal energy of the
environment (water, soil, air), which, with the help of heat pump units (HPU),
converts the energy of low-potential sources into usable energy. The economic
expediency of using HPU is confirmed by world experience. Already today in
developed countries HPU are widely used for heating and air conditioning systems

(USA, Canada, Sweden, Switzerland, Germany, Austria, etc.), industrial
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production of TNU has been established on a fairly large scale (the USA - 1
million TNU every year, in Japan - 3 million) [1; 2; 3].

Heat pump installations, performing a reverse thermodynamic cycle on low-
boiling working raw materials, draw renewable low-potential heat energy from the
environment, increase its potential to the level necessary for heat supply, spending
1.2-2.3 times less primary energy than with direct fuel combustion [3].

A typical design of a compression heat pump includes four main components:
a compressor, a condenser, an evaporator, and a throttle valve. These elements
form a closed-loop circuit for a process fluid, such as Freon, which is vaporized in
the evaporator, then compressed in the compressor and condensed in the
condenser. Thus, bringing heat to the evaporator at a low temperature level and
spending external energy in the compressor, we receive heat in the condenser at a
higher temperature level than we had in the evaporator and in an amount equal to
the total energy consumption of the electric motor and the low-temperature energy
source [4].

Heat pumps are widely used in drying processes (when storing grain and
vegetable raw materials). Convective drying is one of the most energy-intensive
industrial technological processes [5]. Dehydration processes in the food and fruit
processing industry consume up to 30% of total energy consumption. Traditional
convective drying units, along with the undeniable advantages expressed in the
simplicity of design and operation, have a number of significant disadvantages, the
main ones of which are the low intensity of the process, significant heat loss with
the exit of air (exit from the dryer chamber), the dependence of the efficiency of
the dryer on the moisture content atmospheric air, as well as insufficient protection
of products from possible damage by microorganisms in the environment. Energy
costs for moisture removal during convective drying, taking into account heat
losses with spent coolant and waste dried material, reach 6000 kJ/kg [3].
Therefore, solving the problems of reducing the use of traditional energy resources
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and intensification of heat and mass exchange during dehydration is an urgent

scientific and technical task.
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DRYING OF BISCHOFITE
Ph.D., professor Marchevskii V 1 hope next week I'll get approve from the landlord and then Il start
buying stuff. Iktor,Student Zuiev Olexander
National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic
Institute"
Abstract. The nature and methods of bischofite extraction are considered.
The special properties of bischofite are noted. The first dryer for drying bischofite
in Ukraine was developed at our department.
Key words: BISCHOFITE, DRYER, APPARATUS, FLUIDIZED BED,
DEVELOPMENT.

CYWIHHA BIITO®ITY
K.T.H., mpodecop Mapuescekuii B.M. Ctynent 3yes O.O.
HauionanbHui TeXHIYHUI YHIBEPCUTET YKpaiHH
«KuiBcbkuii Ioairexniynni IHcTuTyT iM. Irops Cikopcbkoro»

AHoTanisi. Po3risiHyTi ipupoza 1 Meroau 1o0yBaHHs Oimodity. Biamiveni
ocobmuBi BiactuBocTi Oimodiry. Ilepmry cymapky s cyuriHHsa Oimodity B
VYkpaini po3po0ieHo Ha Hamnii kadeapi.

Karouogi cioBa: BIILIODIT, CYIHIAPKA, ATTAPAT,
TICEBJIO3PIJKEHUH IIIAP, PO3POBJIEHHS.

bimodit — npupoaHuii MiHepall 3 BUCOKMM BMICTOM MarHiio. B Ykpaiui
oimodit nodysatotTe B Hixkuni 1 IlonTasi, ne Ha rimobuni 2200 MeTpiB mpoJisrae
map mnpupoaHoro Oimodity ToBmmHa sikoro 40-45 metpiB. B map Oimodity
NOJIAI0Th BOAY, B SIKIM po3unHsAeTbes Oimogit. OTpuMaHuidl po34uH 13 BMICTOM
oimodiry 35-37% peanizyetscst [lonraBchkum BupoOHUIITBOM. Ha HikuHCEKOMY
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BUPOOHUIITBI OTPUMAHUN PO3UUH (PUIBTPYIOTh. OYHUIIEHUN PO3YUH YNAPIOIOTh.
[lepenacuueHunil po3ynH NepesacThCs B KPUCTATIZATOP, A€ Y 3YCTPIUHOMY MOTOIII
3 TEPEHACHYEHOTO PO3YHHY YTOPYIOTHCS IIEHTPH KpHUCTami3aiii 1 pOCTyTh
kpuctasim giametpoM 0.2-0.9 M. BiacemapoBaHi B KpHCTamizatopi KpymHI
KPUCTAIM 3 PO3YMHOM TMEpEeAaroThCsl B LEHTPUPYTY J€ 3HEBOAHIOIOTHCS [0
Bosiorocti 7-10%. Bindyrosani kpuctanu nmoaaroThCsl CTPIYKOBUM TPAHCIOPTEPOM
B CYILIAPKY, /¢ BUCYIIYIOThCS B IICEBPO3PIIKEHHOMY IIapi A0 KIHIIEBOi BOJIOTOCTI
mente 1%.

Heo0ximHo BiAMITUTH, 110 O110(IT BUKIUKAE THTEHCUBHY KOPO3110 METAJIIB,
TOMY BHIIapHA YCTaHOBKAa Ta KPHUCTAII3aTOp 3pOOJIEHI 3 YUCTOTO TUTaHY, SIKUN
JTy’K€ TOPOTHM, 11€ JECATKH MUIIbIOHIB TPUBEHb.

o MIPUBEICHUX BJIACTUBOCTEH oimodira MOYKHA BIJTHECTH
TIrPOCKOMNIYHICTh. BiH 1HTEHCMBHO copOye BOJYy 3 IMOBITPS, MEPETBOPIOIOYUCH B
po3unH. [0 BIacTUBICTH BUKOPHCTOBYIOTh Ha TiIpHUYO-30aravyBaibHUX
KOMOIHaTax /Jig YJIOBJIIOBAaHHS NWIy. BUIbHI TOBEpPXHI 3MOYYIOTH PO3UYHHOM
01110()iTy 1 BOHM HE COXHYTh, & O BOJIOr01 MOBEPXHI HAIUIMIAE MHJI.

[Ilo6 3axucTuTH BUCYIIEHUW OIMOMIT BiJ 3BOJIOKEHHS HOTO MaKylOTh B
repMETUYHI MIIIKH — O1r-0€ru MICTKICTIO 3 TOHH.

bimodit BuKOpHCTOBYIOTH B I3paimi B IMpPOKUX MacmTadbax s
BUPOOHUTCTBA MarHiio. bimodit 700yBatoTh 13 Boau Meptoro mopsi. KaxyTs, 1110
KynaHHs B MepTBOMY MOp1 TIOJIOBXKY€E JKUTTS Ha T’ ATh POKIB.

B namiii kpaini O1mo(iT BUKOPUCTOBYIOTH JUIsSl JIIKYBaHHsS CYIJIOOIB Ta
3arajbHOTO 03J0pOBJICHHS. /{711 IIbOTO MpUKMarOTh 611110()ITOBI BAHHH.

3a MpoeKTyBaHHs Cylapok Oimodity Tpeda 3HaTH 1110:

0110(IT KOMKY€EThCS, alle KOMKH HE MIilHI, BOHU PYHHYIOTbCS IIHEKOBHM
J103aTOpOM TipH (hacyBaHHI;

€JIEMEHTHU KOHCTPYKIII1 CyIIapKH, 1110 KOHTAKTYIOTh 3 011110iTOM HEO0OX1THO
BUTOTOBIIIOBATH 3 BUCOKOJIETIPOBAHO1 CTaTi;
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OimodiT TepMoNaOUIPHUN  MaTtepiall, 1[0 HEOOXITHO BpaxoOBYBaTH,
BUOMPAIOYHN TEMITEPATypPHI PEKUMU CYIITHHS.
Buxopucrana miteparypa
1. MapueBcekuii B.M. J[lerigporariiss kpuctaigigyHoro Oimodity. BicHuk
HTYY «KIIl» XimiuyHa iHXKeHepis, €eKOoJIoTisi Ta pecypco3OepekeHHs//

Mapuescrkuii B.M.,Yaiteko P.M., 'anctesn A.C.,.Ne1(9), 2012. C.34-36.

71



36ipuuk Te3 qonosigeil XXI11 mixkHapoaHOT HAYKOBO-NIPAKTHYHOI KOH(pepeHIlii CTy1eHTiB,
acnmipaHTiB i MoJsioAnX BYeHUX “Pecypcoenepro3oepirarwo4i TexHoJorii Ta 00JaHaHHA”

YK 637.147.2
DEVELOPMENT OF DRYER FOR CASEIN
Ph.D., professor Marchevskyi V., master student Glibovets S.,

master student Shashkov V.
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Abstract. The unit VS-300KPI, which is in serial production, was chosen as
an analogue. The advantages of the dryer that were identified in the design
process, the implementation of which is the purpose of the work, are considered.
The options for improving the design of cyclone elements are also proposed.

KiarwuoBi ciaoBa: DRYER, IMPROVEMENT, DRYING, FLOWING
LAYER, CASEIN.

PO3POBJIEHHSA CYITAPKU IUISA KA3EIHY
K.T.H., ipodecop MapueBcbkuit B.M., marictpantka ['nmuboserns C.B.,Marictpant
[ITamxkos B.O.
Hauionanbuuii Texniunuii YHiBepcuTeT YKpaiHu

«KuiBcbKui noJritexHiyHui iHcTUTyT iMeHi Irops Cikopebkoro»

Anomauina. B saxocmi awnanocy obpano acpecam BC-300KIII, wo
3HAX00UMbCSL 8 CEPIUHOMY 8UPOOHUYMEI. Po3enanymo nepegacu cywapku, wo o6yuu
BUABNEH] 8 npoueci npoeKkmy6aHHA, 6np06a()9fC€HHﬂ AKUX € Memoro p060mu.
Taxoorc 3anponoHo8ano 6apiaHmu  B800CKOHANEHHS KOHCMPYKYIL eleMeHmieq

YUKTIOHA.

KarouoBi cioBa: CVYIIIAPKA, BJIOCKOHAJIEHHS, CYIIIHHA,
®OHTAHYIOUMH IIAP, KA3EIH.
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Casein as a protein product is widely used in the food industry as a protein
supplement. It is obtained from cow's milk and is also used in many industries.
Technical casein has a number of advantages over other thermolabile substances. It
Is used as a waterproof substance for the production of various technical mixtures,
for example, for gluing paper, it provides adhesion to materials. The quality of the
drying process directly affects the further quality of the finished product, or rather
the appearance, solubility and shelf life of the finished product. The drying mode is
selected based on the chemical properties of the material, trying to preserve the
physical and biological parameters as much as possible. The process of casein
production is based on the use of VS-300KPI unit. Drying with the help of this unit
takes place in the flowing layer, which ensures the absence of overheating of the
material due to prolonged exposure to heat on the inner layers of the compacted
surface layer. During the design, some possibilities were identified, namely
cleaning the inner surface of the cyclone, for this purpose an easy-to-open cover
was installed at the end of the cyclone. In the production of food casein, the inner
surface of the cyclone is sterilized before operation.

At present, the design documentation is being developed, which takes into
account all the disadvantages and advantages of the design of the new dryer for the
modernization of the VS-300M unit[1]. Particular attention should be paid to the
development and implementation of thermal insulation of the dryer body, a new
design of the cyclone, switchgear.

Thus, the results of the development increase the thermal insulation of the
process, changing the efficiency and ensuring the conscious use of energy
resources, which is very important in the current conditions of human existence.
Also, the use of the method of drying in the fluidized bed prevents overheating of
casein, which provides the appearance, degree of solubility and shelf life that fully

meet the technical requirements of production [2].
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HanionanbHuUil TeXHiYHUI YHiBEpCUTET Y KpaiHu

«KuiBcbkuii noJirexHiyauii iHcTuryT iMeni Iropst Cikopcbkoro»

AHOTaWisi: PO3TIIAHYTO OIMOMIT K 00’€KT CYIIIHHS, BCTAHOBJIEHO HOTO
TEpPMOJIa0IBHICTh ,CXUIIBHICTD 10 KOMKYBaHHS Ta TFIPOCKOMIYHICTb.

Kumuni cioBa: bimodir, cymniHHs, KpucTaiy, map, NceBI03piIHKeHH.

Anoramisi: bischophyte as an object of drying was considered, its
thermolability, tendency to coking and hygroscopicity were established.

Kunuani cioBa: bischofite, drying, crystal, layer, pseudo-liquefied.

Kpucranu 6imodity 61710ro KOJBOPY, MICTSITh MOBEPXHEBY 1 XIMIYHO
3B’s13aHy BoAy. 3a TeMiieparypu Bumoi 180°C Gimodit po3namaerbes Ha Mg i HCI.
lonn xJIOpYy BUKIMKAIOTh I1HTEHCHUBHY KOpO31I0 YOPHHUX METalliB, OCOOJIMBO
MeTaIOKOHCTpYKIiH. Kpucranmu Oimodity MarTh OKpyrity (opMy 1 Jerko
YTBOPIOIOTh TCEBAO3PIKEHUN MIap. Ajie HEHTpUPyru pajasHChbKOrO 3pa3ka He
3a0e3MeuyoTh CTaOUTbHY BOJIOTICTH Bifdyroanoro Oimodity. Jlech mpotikae
pO3YMH, BIH HAKONMUYYeTbCcd B OapabaHi LHEHTpU(PYrd, HAIMIPHO 3BOJIOKYE
KPUCTAJIM, CTBOPIOETHCS KOMOK, SIKMM TpPaHCIOPTEPOM MOJAEThCS B CYLIAPKY.
[ToTpanuBmm B TICEBIOPO3PIIKEHUN IIap, KOMKH pPO30OMBAIOTHCS Ha MEHIII
KyCOUKH, $IKI TEpeTBOPIOIOThCS B oOKaTulli. Bucymenuit Oimodit paszom 3
OKATHUIIIKaMU TIOJIA€ThCS CTPIYKOBUM TPAHCTIOPTEPOM B OYHKEp, 3BIIKH (HaCyEThCS
B TepMeTUYHl Oir-6eru MICTKICTIO TpU TOHHHM. 3a (acyBBaHHS IIHEKOBUM
J103aTOPOM OKATHUIII PYHHYIOTBCS O OKPEMUX KPHUCTAIIB. Y TBOPEHHSI OKATHUIIIIB 1
pylHHYBaHHS  KpuCTaidiB  OlmodiTy  YHEMOXJIMBIIOIOTH  3aCTOCYBaHHS
nmHeBMOTpaHcnopty. [Ipo0GiaeMy yTBOpEHHS OKaTHIIIB HEOOXiHO BUPIIIYBATH B

neHTpudysi 1 B cymapii. HacTynHowoo npobieMoi0 € BUKUAM TOHKOJUCIIEPHOTO
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oimodgitoBoro mwry. Pa3zoM 3 BiAnpanbOBaHUM TEIUIOM B HABKOJUIITHE
cepenoBuille Bukupaerbess Ot 0.5% wmacu BucymieHoro Oimodity. B 30Hi
ocianHs OimodiTHOoro muwiay Oyae I1HTEHCHBHA KOPO3is METaJIOKOHCTPYKIIIH,
YCUXaHHS JIePEB.

AHami3 MeTOAIB OYMINEHHS TOKa3ye, IO B 3B 53Ky 3 1HTEHCHUBHOIO
azncopOriero Boau 61modiToM, HEeMOXKHa BUKOPUCTATH €JIEKTPODIIbTPU 1 pPyKaBHI
bineTpu. AJle, OYEBHUJIHO, MOXKHA BHUKOPUCTAaTH OYHUIIEHHS BIANPAIlbOBAHOTO
TEIUIOHOCISI, KparusiMH BOAU. Boja pO3NMUIIOETHCS, CTBOPIOIOYH IOBEPXHIO
KOHTaKTy OUIbIly TMOBEpXHI 4YacTHMHOK Oimodity. YactuHku Oimodity
KOHTaKTYIOUM 3 TIOBEPXHEIO0 Kpareiab BOJIU YTPUMYIOTHCS CHJIAMH MOBEPXHEBOTO
HATATY BOJM 1 PO3YMHSIOTHCS. Y TBOPCHHHM PO3YMH HANPABISIETHCS HA BUIIAPKY, a
B CHUCTEMYy MLMPKYJSIi  J00aBISEThCA BOJAa B HEOOXIAHIA KINBKOCTI JJIst
NIATPUMAaHHS MOCTIMHOI KOHLIEHTpauii O1modira.

BucHoBku: B mporieci MpoeKTyBaHHS HEOOXITHO BUPIIIUTH JB1 MPOOIEMHU:
YCYHYTH  KOMKYBaHHS 1  3a0€3MeYUTH  OYHIIEHHS  BiANPaIbOBAHOIO
TEIJIOHOCIS,CYIIapKHU.

Buxopucrana miteparypa

1. MapueBcekuii B.M. Jleriaporaniss kpuctamuyHoro oOimodity. BicHuk

HTYY «KIIl» XimiuHa 1HXeEHepis, €eKojoris Ta pecypco3Oepexenus //

Mapuescekuii B.M.,Viiteko PM., 'anctesaa A.C., Ne1(9), 2012. C.34-36.
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YK 676.14+676.026
THOBAIII B TEXHOJIOI'II BAPOGHUIITBA IATIEPY-OCHOBU
I XAPHOBOI'O IIEPTAMEHTY

marictp Cepoorin B. C., acniipant 'ongoseska A. C., K. T. H.,
noneHt TpemOyc 1. B.
HaunionanbHUil TeXHiYHUI YHiBepcUTEeT YKpaiHu

«KuiBcbKuil moqiTtexHivnuii iHcTutyT iMeHi Irops Cikopcbkoro»

AHoTanisi. 3anpononosano iHOBAYIUHI piUleHHS 8 MEXHON02l 8UPOOHUYMEA
nanepy-ocHo8U 071 XAp408020 Nep2amenm). 3acmocy8ants CY4acHUX mexHoao2iu
00€pIHCaHHsl  GONOKHUCMUX  Hanieghabpuxkamie i3  6i0X00i8  CILIbCHKO2O
2cocnodapcmea ma Oilbl  CYy4acHo20 O00NAOHAHHA Npu3eede 00 3HUNCEHHS
cobisapmocmi KiHYe8o20 NPoOyKmy ma cmaobiibHOCMI 11020 AKOCMI.

Kmouosi cioBa: XAPUOBMII ITIEPTAMEHT, IIAIIIP-OCHOBA,
COJIOM'SAHA LEJIIOJIO3A, MJIMH SECOMY, TTPEC NIPCOFLEX

OnHMM 3 OCHOBHHX HAIpPSIMKIB SIKUM CbOT'OJHI PYXa€ThCS ILIENIOJI03HO-
nanepoBa rajy3b € BUPOOHUIITBO HOBUX BHUIB MAarepoBOi MPOAYKIIl Ta MOCTiiHE
BJIOCKOHAJICHHSI TEXHOJIOTTYHHUX TMPOIECIB BUPOOHMIITBA Pa30M 31 CKOPOUCHHSIM
BUTpAT Ha CHPOBUHHY 0a3y.

Xap4oBUM POCIMHHUMI IIEPraMeHT 3aCTOCOBYIOTH IS ITAKYBAHHS Xap4OBUX
MPOJYKTIB, MPOAYKII MEIMYHOTO TPU3HAYEHHS Ta I1HIIOI, $Ka mMOTpedye
BOJIOHETIPOHUKHOTO Ta >KUPOHETIPOHUKHOTO TAKyBaHHS, & TaKOX JJIS TEXHIYHHUX
JIEN.

Jlis BUpPOOHMIITBA POCIMHHOIO MEPraMeHTy BHKOPUCTOBYIOTH MalepoBY

OCHOBY. AuJie sl OTPUMaHHA SAKICHOTO TNEpPraMeHry, MOTPIOHO MPaBUIBHO
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niaiopaTd Tamnip-OoCHOBY, SKHW BIAMOBIAHO O HOPMAaTUBHUX JIOKYMEHTIB Mae
MEBHI BUMOTH JI0 MOKAa3HUKIB SIKOCTI. HopMaTuBHUMU JOKyMEHTaMu repeadadyeHo
JUTsl BUPOOHUIITBA JTAHOTO BHJY TArepy, BUKOPHUCTOBYBATH CYIb()aTHY BUOLICHY
XBOWHY 1IeNI0103y. Taka CUpOBHHA Ma€ BHCOKY OUTICTh Ta MOKA3HUKHU MIITHOCTI,
aJie Ma€ 1 BUCOKY BapTiCTb.

[lamip-ocHOBa IS POCIWHHOTO MEPraMeHTy  BUTOTOBIISETHCS
HEMpoKJIeeHUM, Oe3 HaloBHIOBaYa, 3 TIJBUIIECHOI BOJOTOBOMPHICTIO Ta
HOPMOBAaHMMH  (DI3UKO-MEXaHIYHUMHU  XapaKTEPUCTUKAMH. Oco0uBiCTIO
MIJTOTOBKH BOJIOKHUCTOI Macu JUIsl JaHOTO Tarepy-OCHOBU € BUCOKHH CTYMiHBb
mimBa 75+4 °IIIP.

Ha paHWii MOMEHT BHIOTOBJICHHA IIONEPY-OCHOBU IS POCIMHHOIO
NEepraMeHTy € JIOBOJII JOPOTHM 1 PECypCOEMHHUM IMPOIECOM, IO MOTpedye
JIOPOTOBAPTICHOI IMIIOPTHOI CHUPOBHHM, TaK 1 BEJMKOI 3aTpaTH EHEPreTHYHHUX
pecypciB, y 3B 3Ky 3 BUKOPUCTAHHSIM 3aCTapiioro TEXHOJIOTIYHOTO O0JIaHAHHS.

3 MeTOow 3JEeHIeBICHHS KIHIIEBOI MPOAYKIIT Ha 3aMiHy OLIbII JOPOroi
cyab(daTHOi XBOWHOI BHOUIEHOI 1Hemono3n Mapku Xb-2  NPONOHYEThCS
BUKOPUCTOBYBATH OUIBIN JCHICBINY, €KOJOTIYHO O€3MeYyHy OpraHOCOJIbBEHTHY
COJIOM ’SIHY 1ento03y. IliAroToBKy (po3MentoBaHHSI) XBOWHOI 1 COJOM'SHOT
IETI0JI03U PEKOMEHY€EThCS TTPOBOIUTH IBOMA Pi3HUMHU IMOTOKAMH, IO JTO3BOIHUTH
SKICHO TIATOTYBAaTH BOJOKHHUCTY KOMITO3HIIIIO 1 TTOKPAITUTH BIACTUBOCTI KIHIIEBOI
MPOYKITii, TaK SIK BOJIOKHA 3aIIPOIIOHOBAHUX IIEJTFOJI03 MAIOTh Pi3HY JOBXKUHY.

Jlo iHHOBAIl/i B TEXHOJIOT1I BUPOOHHUIITBA MANEPy-OCHOBH JII XapuOBOTO
MEePraMeHTy POIMOHYETHCSI BHECTH HACTYITHI OCOOJIUBOCTI:

- BUKOPHUCTAHHS JIJISl PO3METIOBAHHS BOJIOKHUCTUX HariB(paOpHUKaTiB HOBITHIX

MinHIB Try SecOMy ¢ipmu NETZSH, nnst mocsrHeHHS BACOKOTO CTYTCHS

MJIMBA; J1aHa KOHCTPYKIIiS JIO3BOJUTH OTPUMATH J00PE PO3BOJIOKHEHY Macy,

3HU3UTU BUTPATU €JIEKTPOCHEPrii, CIIPOCTUTH OOCIYTrOBYBaHHS 3a PaxXyHOK

78



36ipuuk Te3 qonosigeil XXI11 mixkHapoaHOT HAYKOBO-NIPAKTHYHOI KOH(pepeHIlii CTy1eHTiB,
acnmipaHTiB i MoJsioAnX BYeHUX “Pecypcoenepro3oepirarwo4i TexHoJorii Ta 00JaHaHHA”

MOKPAIIIEHOI CUCTEMM 3aMIHHU HOIB 1 3MEHIIMTH €KCILTyaTallliiHi BUTPATH
3a paxXyHOK OLIBII MTPOCTOI KOHCTPYKIIi [1];

- BCTaQHOBJICHHS MPECOBOI YACTUHU 3 BHKOPHUCTAHHSIM OaIlIMadHOTO TIPECy
tuny NipcoFlex dipmu VOITN (puc. 1), 1m0 A03BOJUTH 3MEHIIUTH PO3MIPH

MIPECOBOT YaCTHUHH 1 3HU3UTH BUTPATH €NIeKTpoeHeprii mpubau3no Ha 14 %.

G

Pucynok 1 — bammaunwuii nmpec tumy NipcoFlex ¢ipmu VOITN [3]

[IpecyBaHHsI B TAaKOTO THUITYy Mpecax BIOYBAEThCS MK JBOMA CyYKHAMH JIJIs
Kpamioro 3HEBOAHCHHS, BiJICYTHE MapKyBaHHS IOJIOTHA, CYXICTh IOJIOTHA TEpe
CYIIMJIBHOK) YacTHUHOK CTaHOBUTH 52-57 %, KoHCTpyKIlis mipecy ma03BOJIsIE
BUJIAJIUTH BEJIMKY KUIBKICTh BOJM 3a JOCHTh HHU3BKOTO THCKY TpecyBaHHS. Lle
BHUKJTFOYA€ MOJKJIUBICTh PO3JABIIOBAHHS BOJIOTOTO TIOJIOTHA, 3a0€3Meuye BHUCOKY
TJIAJIKICTh 32 BUCOKHX IIBUIKOCTEHN anepopoOHOi MaIiHu [2].

3anmpornoHOBaHO 3axOAM MIJABUIIECHHS €(EKTUBHOCTI TEXHOJOTTYHOTO
MOTOKY 3 BUPOOHMIITBA TANEPY-OCHOBHU JJIsI XapUOBOTO MEPTaMEHTY J03BOJISThH B

3HAYHINA Mipl TOKPAIIUTH SIKICTh KIHIIEBOTO MPOIYKTY.
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YJIK 66.047
DRUM DRYER AS A MODERNIZATION IN THE
TECHNOLOGICAL SCHEME OF COKE PRODUCTION FACILITY
Student Dmytro Solomianiuk., Head Associate Professor, Ph.D. Andriy
Stepaniuk
National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»

ANNOTATION: The production of coke and the desiccation process using
a drum dryer are considered. The technological scheme is also presented.
KEY WORDS: COKE, DESICCATION, DRUM DRYER.

MOJAEPHI3ALIA YCTAHOBKHU BUPOBHUILITBA KOKCY 3
PO3POOBKOIO BAPABAHHOI CYIHAPKH
ctyaeHt Conom’sivtok J1.0O., goneHrt, k.T.H. Ctenantok A.P
HaunionanbHUil TeXHIYHUH YHiBepCUTET Y KpaiHu

«KuiBcbkuii mositexHivnui iHcTutyT iMeHi Irops Cikopcbkoro»

AHOTAIUSA: Onucano npoyec e6upobnuymea  KOKCY, HABEOEHO
MEXHOJI02IYHY cXemy 8UPOOHUYMBA KOKCY.

KJIFOYOBI CJIOBA: KOKC, CVIIIHH!, BAPABAHHA CVIIIAPKA.

Considering that the energy policy is currently conducted everywhere, one of
the priority tasks of any state is to increase the efficiency of the use of fuel and
energy resources and create the necessary conditions for transferring the country's
economy to an energy-saving path of development. Any country's economic
development level is established not by the amount of extracted or consumed fuel

and energy resources but by the efficiency of their use [1].
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Because of the demand for crude oil with lighter production fractions such as
naphtha, gasoline, kerosene, and diesel, refineries have begun refining heavier
crude to meet market demand for light and medium products. Over the past few
years, global production of petroleum coke has been gradually increasing due to
increased supplies of heavy oils. Petroleum coke is a valuable and vital commercial
product that is directly used in a wide range of applications, including the
production of aluminum and many other products, including steel, glass, paint, and
fertilizer. Due to the shortage of anthracite and the rapid increase in its value on the
world market, in developing countries, petroleum coke is also often used as a fuel
in power generation, cement Kilns, and other industries [1].

Petroleum coke is a solid residue of the secondary processing of oil or
petroleum products obtained by the slow coking of heavy oil residues. The primary
purpose of the delayed coking process is the maximum production of distillates for
the further production of motor fuels from them. The petroleum coke obtained in
this process is a by-product, determining its low cost.

The work describes the scheme of coke production. The technological scheme
of coking is shown in Figure 1 [2].

Coking raw materials are pumped by centrifugal pumps 1 in two parallel
streams sequentially through heat exchangers 4 and coils of furnaces 9,10 and from
there enter the rectification column 6 on cascade plates. In contact with steam and
gases entering column 6 from chambers with a temperature of 425 °C, the raw
material is heated to 400 °C

Condensed high-boiling coking products (recyclate) mixed with raw materials
form the raw materials of coke chambers (secondary raw materials). From the
bottom of the column, secondary raw materials are sent to receive furnace pumps
2. Each of these pumps moves raw materials through coils of tubular furnaces 7,8,
where it is heated to 510 °C and then enters the corresponding chambers
11,12,13,14, which work in pairs. Before unloading the coke, the chambers are
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first cooled to 400 °C, and the water vapor is sent back to the rectification column
6. After that, the coke is further cooled with water.

After that, coke is cooled with water and, thanks to particular devices, it is
removed from coke ovens 11,12,13,14 and sent to cyclone 15 to remove moisture
from the material for further drying. After that, the coke is sent to the drum dryer
16, where the drying occurs. Warm air is generated in heaters 17. After final

processing, the finished material is prepared for transportation.

»li

17 6 ’ k]

»IV

1,2,3 — pumps, 4 — heat exchangers, 5 — air cooling condensers, 6 — rectification
column, 7, 8, 9, 10 — furnaces, 11,12,13,14 — coke chambers, 15 — cyclone,
16 — drum dryer, 17 — heater.
| — raw material, Il — coke, Il —gas, IV — gasoline, V — jet fuel, IV — diesel fuel

Figure 1 — Technological diagram of a modernized coke production facility
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The purpose of the work is to modernize the installation by developing a
drum dryer for drying coke.

The drum dryer is a welded cylinder (drum) on the outer surface of which
bandage supports, stiffness rings, and a drive-toothed crown are fixed. The axis of
the drum can be inclined to the horizon at an angle of up to 4 ° [3].

The advantages of the design of the drum dryer are its versatility, ease of
maintenance, and high productivity. An essential feature of drum dryers is the
ability to automate all processes from start-up to temperature control. One of the
disadvantages of the device is its bulky dimensions, which add complexity to the

installation's expensive operation. [3].

References:
1. Aldo Ramos Santos, Rogério José da Silva, Maria Luiza Grillo Reno
Analysis of Petroleum Coke Consumption in Some Industrial Sector — Journal of
Petroleum Science Research 4(1):1-7, 2015

2. Lastovkin G. A., Radchenko E. D., Rudin M. G. Reference book of oil
refining. L.: Chemistry,1986. 648 ¢

3. Sazhyn B. S. Fundamentals of drying technology. M.: Chemistry,
1984. — 320 c.
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ANNOTATION: THE TECHNOLOGICAL SCHEME OF THE GAS
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KJIIOYOBI CJIOBA: TEXHOJIOI'TYHA CXEMA,

I'ASODPAKIIIFKOBAHHA, [TOBITPSIHUN XOJIOAUJIbHUK.

For the separation of hydrocarbon gases into individual or narrow technical
fractions, such physical processes as condensation, compression, rectification, and
absorption have become the most widespread at oil and gas refineries. The specific
choice of the scheme (sequence) of separation, temperature, and pressure is
determined by the composition of the initial gas mixture, purity requirements, and
the given assortment of the commodity product [2].

For the clear separation of gaseous hydrocarbons, rectification or a
combination of rectification with absorption is used, if there is a need to separate
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gas in which there is a lot of "dry" part, mainly methane. In this case, it is
advisable to first separate the "dry" part using absorption, followed by separating
the remaining gas by rectification.

Gas fractionation is the process of separating hydrocarbon raw materials
(unstable gas gasoline) to obtain individual light hydrocarbons or hydrocarbon
fractions of high purity, which differ in boiling point. Gas fractionation processes
have been used to obtain from oil refinery gases and gases from low-temperature
processing plants individual low-molecular hydrocarbons C1-C6 (both limiting and
non-limiting, normal or isostructure) or their fractions of high purity. A
combination of condensation, compression, rectification, and absorption processes
has found use at gas fractionation plants (HFU).

The products of gas fractionation plants, depending on the scale of
production, the composition of the initial raw materials, the requirements for
commercial gas, and the depth of processing, are the following narrow
hydrocarbon fractions or components: methane-ethane (sometimes ethane),
propane, butane, isobutane, pentane, isopentane, propane-propylene, butane-
butylene, ethane-ethylene, pentane-amylene. It is also promising to obtain the
hexane fraction or iso- and normal hexane. When using narrow fractions as raw
materials for petrochemical syntheses, the content of the main components in them
should be at least 96...98%. Fractions of hydrocarbon gases, which leave the
installation as a final product, must meet the technical conditions according to the
current standards.

The technological scheme of the gas fractionation installation is shown in
Figure 1. [1]

The gas from the catalytic cracking unit is supplied to separator 1. The
liquid fraction is collected in the collector of separator 7, the gaseous fraction is
supplied to absorber 2. A mixture of mono ethanol amine (MEA) and alkali is
supplied as irrigation of the absorber. The purified gases are compressed in
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compressor 6, cooled, and then fed to the collector of separator 7. The mixture of
MEA with alkali and sulfur compounds is fed to separator 3, the gaseous fraction
IS used as steam feed for column 2, and the liquid fraction is heated in the furnace
and fed to rectification column 4. Purified MEA after cooling is supplied as the
phlegm of absorber 2, and hydrogen sulfide is diverted to storage. The liquid
fraction from the separator 7 and the gaseous fraction is fed to the fractionating
absorber 8. From the upper part, dry gases are taken through the condenser and fed
to the air cooler 13. Unstable gasoline is taken from the middle part of the column,
and gases mixed with gasoline are removed from the lower part. Stable gasoline is
supplied to the upper part as irrigation. A mixture of gasoline and gases is fed to
the stabilizer 9. From the lower part of the stabilizer 9, stable gasoline is taken,
which is partly fed to the warehouse, and partly to the irrigation of column 8. From
the upper part of column 9, the mixture of gases is fed to propane column 11, from
the top of which the propane-propylene is taken faction. The cubic residues of
column 11 are fed to butane column 12, where the butane-butylene fraction is

selected from the top and stable gasoline from the bottom.
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1,3,5,7 — separators; 2 — absorber; 4 —a column for cleaning mea from
hydrogen sulfide; 6 — compressor; 8 — fractionating absorber; 9 — stabilizer; 10 —
cleaning unit; 11 — propane column; 12 — butane column; 13 — air cooler;
Figure 1 — Technological scheme of the gas fractionation installation
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The air cooler is not the main device of the technological scheme shown in
Figure 1, but it is an integral part of the gas fractionation installation. It is in it that
the process of condensation and cooling of unstable gasoline takes place.
Therefore, it is necessary to choose the most productive device.
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JocaigkeHHs1 BILIMBY KiHETHMKA MPOLIECY BUNIAPOBYBAHHSI HAHECEHUX HA
MOPHUCTOMY CyOCTpAaTi Ha
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HaunionanbHuUil TeXHiYHUI YHiBepCUTET YKpaiHu

"KuiBcbkuii nojirtexHiynuii incturyT iMeni Iropst Cikopcbkoro'

ABSTRACT.

KEY WORDS: evaporation, ammonium sulfate, crystallization, mathematical
model

AHOTAILIA.

Haseoeno xinemuuni 3axornomipnocmi npoyecy 3HeB0OHEHHS PO3UUHY CYIbDaAmy
amoiro Ha nopucmomy cyocmpami. Bcmanosneno eniue Kinemuku 3He600HEHHs HA
Kpucmanizayito meepooco uapy Ha no8epxHi cyocmpamy npu Cnié8iOHOUEHHIX
Mac Haumeceno2o po3uurny ma cyocmpamy 6io 10 oo 20 %.

KIIFOYOBI CJIOBA: sunaposysanus, cyabgham amowiio, Kpucmanizayis,

mMamemamuyHa Mooeb

YTBOpEHHS TPaHyJIbOBAHUX MaTepiaiiB 3 MOMIAPOBOIO CTPYTKYPOIO HAMOLIBIIT
JOLIIBHUM 3 OTJISiAY €Heproe(eKTUBHOCTI 3a paxyHOK peai3alli MomapoBOTo
MeXaHI13My TpaHyJIsIIii y arnapati nceBao3piakenoro mwapy [1, 2].

OTpuMaHHS TpaHyJ 3 3aJJOBUIBHUMU (DI3UKO-MEXaHIYHUMHU BIACTUBOCTSIMU Ta
MOPQOJIOTIEI0 € BAKIIMBOIO HAYKOBO-TEXHIYHHUM 3aBJIaHHSM.

MeTor [aHOTO JOCHIIKEHHST € BU3HAUEHHS BIUIMBY KIHETHKH MpPOLIECY
3HEBOJIHCHHS 0araTOKOMIIOHEHTHUX PIJKUX CHCTEM Ha TOBEPXHI y TMOTOIII
rapsuoro TOBITPs, @ TaKOX BIUIMB TEPMOJAMHAMIYHUX TMapamMeTpiB Ta CKJIaay

reTepOreHHOr0 PO3UUHY, SIKUHA MICTUTh JOMIIIKHA T'yMaTiB, KICTSHOTO OOpOIIHa Ta
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Kapbaminy Ha MOPQOJIOTiI0 OTPUMAHOTO KPHCTAII30BAaHOTO TBEPAOTO IIapy Yy
OJTHOMY ITHKITi.

YcTaHoBKa MporpiBajiach 10 34aHOI TeMIEpaTypH OTOUYIOUOTO IMOBITPS, SKa
JUTST OLTBIIIOCTI €KCIIEPUMEHTIB CTAHOBHUTH [y, = 65 = 5 °C Ta BiIHOCHA BOJIOTICTH
noBiTpsa RH = 19 £ 2 %. JlocnimxyBaHi po34MHH 3 MAacoOBOi YacTKOIO Cynbdary
amonito Big 27 mo 40 % (mac.) 3 JomaBaHHSAM JOMIIIIOK TYMaTiB, KiCTSTHOTO
OopomHa Ta kapbamily 3 MO4YaTKOBOK TeMIepaTyporo po3unny’,, = 15 - 20 °C
Ta mno4atkoBuM ob0’emom V, = 0,1 + 0,02 min HaHOCHBCA Ha IONEPEIHBO
MPOCYIICHU MOPUCTUH CcyOCTpaT, y MOMEHT JOCSITHEHHS CyOCTpaTtom
TeMIlepaTypu BcepeauHi cyocTtpary 95 + 1 °C Ha moBepXHIO MOPUCTOTO CyOCTpaTy
1 TPOBOAWIOCH 3YMTYBAHHS TEMIIEpATypU 3 3BOJIOKEHOI MOBEpPXHI CyOCTpary,
MacH cyOcTpaTy, TEMIIEpAaTypu MOTOKY IMOBITPsI Ha BXOJ1, Oe3MmOoCepeaHbO Mepet
cyOCcTpaToM, OTOUYIOUOTro MOBITPS Ha BiAjAalll Ta HA BUXO/1 3 yCTaHOBKU. BurpaTn
rapsiuoro TenJOHOCIs MPHU J0CTIIKeHHI BILIMBY KOHBEKTUBHOI'0 TEIJIOO0OMiHY
HA Ipouec 3HEBOAHEHHSI Ta KpHUCTAJI3alil € OAHAKOBUMHM /ISl KOKHOIO
excnepumenty. CyOcTpar (IociimKyBaHUM 3pa3okK) siBJsie cO000 KyO 3 mem3u 3
HAaCTYTHUMU reoMeTpuyHuMU po3mipaMu AxBxH Big 10x10%10 mm go 15x15%15
MM Matepiaj nem3a Ha OCHOBI KPEMHIIO.

TenmooOMiHHI TPOIECH MalOTh CYTTEBUH BIUIMB Ha KIHETHUKY IMPOIECY
BUIMMAPOBYBaHHA. TeruioTa, 1Mo HAAXOAUTh YU BIAXOAUTH 10 00’€My HaHECEHOT
PO3YHHY, PO3MIIIIEHOTO Ha MOBEPXHI MEPEIAEThCA 3a PaXyHOK TEIUIONPOBIIHOCTI,
KOHBEKIIli, Ta BUIPOMIHIOBAHHS. Y BHIIQJIKy KOJU OTOUYIOUYE CEPEIOBHILE € HE
pyxomuM (Wg = 0), TEIUIOOOMIHOM 3a paXyHOK KOHBEKI[li MOYKHA 3HEXTYBaTH y
3arajJbHOMY OaaHCi TEeIUIOTH, a MacoNepPeHoC Mapu 3 piakoi Ga3u B ra3onoaioHy
3IMCHIOETHCS 32 PaXyHOK MOJIEKYJISIpHOT AUdy3ii.

Kineruka npouecy BunapoByBaHHs 40 % (mac. ) po3uuny cyiab}aTy aMOHiO
Ha TOPUCTOMY CYOCTpaTi HpU CIHIBBIJHOIICHHSIX MAac HAHECEHOrO PO3YMHY [0
macu cyoctpaty M,/Mg, Bim 10 no 20 % y moromi rapsdoro moBiTps
temriepatyporo Bij 200 °C no 100 °C ckiamaeTses 3 TPhOX OCHOBHHX IEPIOIIB:

NpoOrpiBy, KBa3i-piBHOBAKHOI'0 BHIAPOBYBAHHSA Ta MNAaJal04Y0i IIBHIKOCTI
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cymrinnus. [louaTok Ta KiHEIpb KOKHOTO MEPIOTy MPOCTEKYETHCS Ha XapakTepi
3MIHM MacH Ta TeMIepaTypH MpH 3HEBOJAHECHHI Ha OTPUMAHMX rpadikax JUHAMIKH
3MIHHM MacH Ta TeMIIepaTypu, HaBeACHUX Ha pucyHky 3.13, 3.14.

VY nmepuiomy mnepiofi BUIIAPOBYBAHHS Y MOMEHT HAHECEHHS PO3UMHY 3
II0YAaTKOBOIO TeMIlepaTyporo 7,y Ha IOBEPXHIO, TEMIIEPATYypoOlO BCEPEIHHI
nopucToro cyocrpary 1,0 = 95+£1°C BinOyBaeThCs NaAiHHI TEMIIEPATYPH PO3UHNHY
BHACJIIOK BUTpPAadaHHs TEIUIOTM Ha HarpiBaHHsA Ta BHIIAPOBYBAHHS 00’ €My
po3unHy. [lagiHHsa Temneparypu HaOJMKAETHCS 10 IEBHOTO MIHIMyMY, BEJIMYMHA
SIKOTO 3aJIEKUTh B1J] IOYATKOBOI TEMIIEPATypH PO3UMHY, HICIS YOro BiJOYBa€ThCS
MIBUAKUI HArpiB TeMImepaTypd pO3UMHY JO TEBHOI BEIWYUHH, TWICHS SKOT
BEJIMYMHA IIBUAKOCTI 3MiHM TeMIepaTypH piauHH TMOBepxHi cyOctpary dT/dt
3MEHIIYEThCS. 3MCHIICHHS MBUAKOCTI 3MiHUM Temreparypu dT,/dt Ha Tepmorpami
BKa3zye Ha TIOYAaTOK JIpyroro NepiojJy BUIIAPOBYBaHHA — IMEpIOAYy KBasi-
PIBHOBa)XHOTO BHIIAPOBYBaHHSA. Y JIpyroMy Iepiojl IpoLEeC BUIIAPOBYBAHHS
BIIOYBAETHCS MPHU NEBHIM CTalld BEJIMYMHI TEMIIEPATypU PO3YMHY/3BOJIOKEHOI
MOBEPXHI CyOCTpary, sIKI MOXYTh HE3HAYHO 3pOCTaTH B 3aJIe)KHOCTI BiJ CKJIaay

PO3UUHY.
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Pucynok 3. — Jlunamika 3MiHU TemIiepaTypH Ta MacH npu 3HeBoaHeHH1 40 %
(Mac.) po3unHy CyJb(aTy aMOHIIO Ha MOPUCTOMY CyOcTpaTi (CIiBBIIHOIIEHHS Mac

HAHECEHOTO PO3YMHY Ta cyocTpaty Mys/ Mgy, < 10 %)

Temnepatrypa BcepeauHi cyOCTpaTy B3HUXKYEThCS BHACIIIOK COPOILiii
PO34YMHY y TIOPH Ta KaIiJIIpu MOPUCTOTO cepenoBuia. J[ane siBuile Ha TepMorpami
MpoIeCcy BiAOOpakaeTbCsl TOCTYIMOBHM 3HHCHHSAM TEMIIEpaTypu BCEpEInHI
cyOcTpaTy y MOMEHT HAaHECEHHS PO3YMHY Ha MOBEPXHIO 1 MAATBIITUM 3POCTaHHSIM
TeMmreparypu y Tporeci 3HeBojaHeHHS. [loBHICTIO BuUcCymIeHUN cyOcTpar
BBAKAIOTHCS Y MOMEHT JIOCATHEHHS TMIEBHOTO CTAJIOTO 3HAYCHHS TEMIIEPATypH MPH
dTg/dt = 0, Temmeparypa MNOBEpPXHI MNPAMYE A0 TEMIEpPaTypu OTOUYIOYOTO
cepenouia, (Puc. 1).

Ha pucynky 2 mHaBeneHo otpumani ¢otorpadii MIKpOCTPYTKYpH
KPUCTATITIB CyibhaTy aMOHIIO 3a pI3HUX TeMIepaTyp IMOTOKY OOTIKarouoro

HOBITPSL.
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a) — TeMIepaTypa IOTOKy rapsi4oro nositps Ha Bxoni 7y = 150 °C;

b) — Temnepatypa notoky rapstdoro nositps Ha Bxoai Ty = 100 °C;
Pucynoxk 3.18 — Ctpykrypa kpuctainitiB 40% (mac.) cynbbhaTy aMOHIIO TIPH
BUIAPOBYBAHHI HA HATPITIi MOBEPXHI MOPUCTOTO CyOCTpaTy (CHiBBIIHOIIECHHS Mac
Moo/ Msup < 20 %)

[Ipu 3pocTaHHl TeMIiiepaTypu MNOTOKY MOBITPS BiAOYBAa€ThCA 3MEHIIEHHS

PO3MIpIB OKPEMHUX KPUCTANIB CyIb(})aTy aMOHIIO y TBEPIOMY MOHOJIITHOMY ILIApI.

BuchoBok.

JIBOCTOPOHHE TiABEICHHS TEIUIOTH SIK BiJ] KOHBEKTHUBHOTO TEIJIOIEPEHOCY
BiJI IOTOKY Tapsiyoro MOBITPs Ta TEIUIOMPOBIAHOCTI BiJl HATPITOT MOBEPXHI Pa3oM 3
301IBIIIEHOI0 TTOBEPXHEI0 KOHTAKTy 3a PaXyHOK PO3BHMHEHOI MOPHUCTOI MOBEpPXHI
TpaHylud J03BOJIsi€ 1HTEHCH(]IKyBaTH TMPOIECH TEIIOMACONEepeHoCcy TpH
3HEBOJHECHHI 0araTOKOMIIOHEHTHHX Pinkux cucteM. CopOiiisi y mopu J03BOJISAE
3MEHIIUTA TOBIIMHY TIUNBKM PIAWHM Ha TOBEPXHI, IO TaKOX I1HTEHCU(IKYE
IOPOLECH 3HEBOJHEHHS pPO3UMHIB. 3a0e3le4YeHHs] PIBHOMIPHOTO HaAXOJKEHHS
3a71aHOT MacH PO3YMHY Ha MOBEPXHIO CYOCTpaTy 3 CHiBBITHOIICHHSM Mac PO3UUHY
Ta cyOcTpaTy (TpaHyld) IO HE MNEepeBHIIYIOTh My/Mgyy < 10 %, kineTuka
MpoIleCy 3arajoM BIAMOBIZA€ TepIni cTamii cymku. B manomy Bumaaky

TPUBAIICTh BHUIApPOBYBaHHA OyJe JOCTaTHHOI [IJII TOro, II00 PO3YUHHHK
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MIOBHICTIO BUITAPYyBaBCs 3 IOBEPXHEBUX LIAPiB MOPUCTOTO CyOCTpaTy A0 MOMEHTY,
KOJIM PO3YMH TOTJIMHAETHCS B TAHOWI mapu. B TakoMy Bumaaky eHepris iine
TIJIBKM Ha BUIIAPOBYBAHHS PO3YMHHMKA 3 TIOBEPXHI CyOCTpaTy, a HE Ha BUAAJIICHHS

BOJIOTH 3B’A3aHOI 3 KalUIIPHO MOPUCTUM MaTepiaJioM.
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Anomauia: B pobomi nasedeHo pezyibmamu O0O0CHIONCEHb DPIGHOBANCHOL
80J1020CMi KOJOIOHUX KANLIAPHO-NOPUCIUX Mamepianié 0i0n02iuHoi npupoou Ha
OCHOBI CMOI08020 OYPSIKY.
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UDC 664.8.047
Adsorption properties of colloidal capillary-porous materials of
biological nature
Senior Research Fellow, Ph.D. Kateryna Samoilenko
Institute of Engineering Thermophysics of NAS of Ukraine

Abstract: The results of studies of equilibrium humidity of colloidal
capillary-porous materials of biological nature on the basis of red beetroot are
presented.

Key words: adsorption, equilibrium humidity, drying, red beetroot.

AncopOrtis € OFHUM 13 KIHIIEBHX €TamliB JOCTIIKEHb MPU po3poOili
TEIJIOTEXHOJIOT1] OTPUMaHHS Xap4oBuX MopotikiB [1, 2]. PiBHOBaXkHA BOJIOTICTH €
BYXUIMBUM TIOKa3HUKOM, OCKUTBKH TMOKA3y€ HE JIMIIE KiHIIEBHI BOJIOTOBMICT IMPH
CYIIIIHHI, a ¥ BiJl HROTO 3aJIe)KaTh CHEPTreTUYHI BUTPATH HA MPOIEC 3HEBOTHEHHS,
TEpMiH, yMOBU 30epiraHHs Ta SKIiCHI XapakTepucTuku upoaykry [3]. s
BU3HAYECHHS PIBHOB&XHOI  BOJOTOCTI AHTHUOKCHUAAHTHUX  (DYHKI[IOHAJTIBHUX
MOPOIIKIB  3aJI€KHO B  BIAHOCHOT BOJIOTOCTI TMOBITPS  3aCTOCOBYBaBCS
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TeH3oMeTpuuyHuil (cratnunuil) metoq Ban bamenena [4]. CyTh MeToly moJsirae B
TOMY, IO 3pa3KH MaTepiaiy 3 Hamepes] BU3HAYeHUM BOJIOTOBMICTOM BUTPUMYIOTh
B CKCHMKATOpax HaJ BOJHHMHU pO3YMHAMH CIp4aHOi KHUCIOTH. Bimowmiit
KOHIICHTpAIlii pO3YMHIB BIJMOBIJIa€ MPHU JaHIA TeMmmepaTypi MEBHUN MapliaIbHUN
THUCK TIap¥, TOOTO BIJIMOBIJHE 3HAYCHHS BIHOCHOTO THUCKY. BijbIl AeTaNbHO Yy
nocuiIanusx [4, 5].

B pesynpraTi Oynm oaepkaHi KIHETHYHI KpHUBI aJcopOIli BOASHOI mapu

AHTUOKCUAAHTHUX (DYHKIIIOHAJIbBHUX TOPOIIKIB, K1 IpeCTaBieH1 Ha puc.] Ta 2.
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Puc. 1 — KineTuuHi kpuBi aacopO1ii Puc. 2 — KineTnuHi KpuBi
BOJISTHOT apu OypsSIKOBO-PEBEHEBOTO azcopO11il BOASIHOI apu OypsiIKOBO-
MOPOIIKY: JMMOHHOTO IMOPOUIKY:
1-9=04;2-90=0,53-¢9p= 1-9=04;2-0=0,53-¢p=

06;4-9=07;5-¢=0,8;6-9=09 06;4-¢=0,7;5-9=0,8;6-¢=0,9

Jlns  peBeneBo-OypsikoBoro npu ¢ = 04 — 0,6 pIBHOBOXHHUM CTaH
BCcTaHOBIIOEThCA Ha 10 — 14 100y, mpu ¢ = 0,7 — 0,8 Ha 16 - 19 100y (puc. 1). Jlns
OypsAKOBO-TMMOHHOTO Topomiky mpu ¢ = 04 — 0,6 piBHOBaXHUH CTaH
BCTaHOBJIIOETHCA Ha 8 — 10 100y, ipu ¢ = 0,7 — 0,8 Ha 18 - 19 100y (puc. 2) [5].

[TopiBHIOIOUM PE3YNBTATH PIBHOBAXKHOI BOJIOTOCTI OypsIKOBO-PEBEHEBOTO Ta
OypsIKOBO-JTMMOHHOI'O TOPOIIKY, BHUSIBJIEHO, HIO0 IX KIHETHYHI KPHUBI aAcopOiii

BOJISTHOT MApU MAIOTh CXOXKUH XapakTep. B Mexax qociiKyBaHoi BOJIOTH MOBITPS,
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BOHMU TMOBEepHEHI a0 Bumykiocti W, 10 CBIAYUTH MNPO MOJIMOJICKYJISIPHICTH
aacopOii. [Ipu 3nauenHi1 ¢ = 0,6 piBHOBa)KHA BOJIOTICTh € B Mexkax 10-11 %.

[Ipu 30epiraHHi KOMIIO3UILIMHUX MOPOIIKIB 3 METOI 30€pEeKCHHS IXHIX
TEXHOJIOTIYHUX BIJIACTUBOCTEH PEKOMEHIYEThCS MIATPUMYBATH B MPHUMIIICHHI
HACTYITHI YMOBH: BoJoricTh moBiTpst 60 — 70 % npu Ttemneparypi 20 — 25 °C ta

TCPMCTHUYIHO X 3aIIaKOBYBATH.
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Vegetable Powders. Energy Engineering and Control Systems, 7, 1, 38 — 47.
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YK 676.2
SMEHIIEHHSA KIJIBKOCTI BTPAT BOJIOKHA Y BUPOBHUIITBI
KAPTOHHO-ITAITIEPOBOI ITPOYKIIII
marictpant Bunky 10.0., acnipantka SAxkumenko O.C., npodecop bapdam B. A.
HarionansHuil TEXHIYHUN YHIBEPCUTET YKpaiHU

«KuiBchkuii moniTexHiuHui 1HCTUTYT iMeHl [ropst CikopcbKoroy

I[OCJIi,Z[)KeHO IIpoLcC BUKOPUCTAHHA XIMIYHHX ,Z[OHOMi)KHI/IX PCUYOBUH JIA
yTpUMAaHHS BOJIOKHA 1 3HEBOJHEHHS Macu Ha KapTOHOPOoOH1H mamuHi. [IpoBeaeHo
NOPIBHSAHHS €(EKTUBHOCTI (PIIOKYJISIHTIB 1 BCTAHOBJIEHO, IO OUIBIIY HIBUIKICTb
3HCBOJHCHHA BOJIOKHHCTOI MacH 1 MCHIITY KUIBKICTh 3aBHUCIIUX PCUYOBUH Y
¢inprpari 3abesneuyroth QuiokynsHTH NeitroRet DR525, NeitroRet HB3522 i
NeitroRet TG992. JlocmipkeHO BIUIMB XIMIYHHX JOIMOMDKHUX pEYOBHH Ha
IMOKAa3HHUKHU KapTOHY I IIOBECPXHCBUX mapiB ro¢>p01<apTOHy.

KuirouoBi ciioBa: xiMiuHa JOMOMIXKHA pEYOBMHA, MaKyJjaTypa, KapTOH IS
MJIOCKUX MIapiB TOQpOKapTOHY

The process of using chemical auxiliaries for fiber retention and mass
dehydration on a cardboard machine was studied. The effectiveness of flocculants
was compared and it was established that the flocculants NeitroRet DR525,
NeitroRet HB3522 and NeitroRet TG992 provide a higher rate of dehydration of
the fibrous mass and a lower amount of suspended substances in the filtrate. The
effect of chemical auxiliaries on cardboard parameters for the surface layers of
corrugated cardboard was studied.

Keywords: chemical auxiliary substance, waste paper, cardboard for flat

layers of corrugated cardboard

CeiToBa TeHJACHINS 30UIBIIICHHS YHCENBHOCTI HACENEHHA TMOTpedye

30UTbIIEHHSI OOCSTIB CHOKMBAHHS TOBAPIB IIMPOKOTO CIHOKHUBAaHHS, 30KpeMa
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BUITYCKY KapTOHHO-TIANEepOBOi MpoayKilii. PiIBeHb CHOKUBaHHS Marnepy 1 KapTOHY
Ha JyIy HACEJEHHS € OJIHUM 13 1HAUKATOPIB CTaHy PO3BUTKY CYCHIJIbCTBA KOKHOI
nepxkaBu. CepeqHECBITOBE 3HAUEHHS IIOTO MOKa3HUKa focsirae 60 Kr Ha JTIOAUHY,
y Kpainax 3axigHoi €Bponu — 147 kr/ocoOy, IliBaiunoi Amepuku — 215 xr/oco0y,
a B YkpaiHi 3a pe3ynabratamu 2020 poky — juire 29 kr/oco0y, 3 Skux Tutbku 21,7
K[ — BUPOOJSETHCA MIANPUEMCTBAMHU  BITUM3HSIHOI  I[EJIFOJI03HO-TIAIIEPOBOI
IIPOMUCJIOBOCTI, a peliTa iMnopryetbes [1].

Jlyis MojentoBaHHS MPOIIECY 3HEBOJAHEHHS BOJOKHHCTOI MacHl Ha CITKOBOMY
croini kaptoHopoOnoi wmammuau (KAM) y naGopatopuux ymoBax [IAT
«KupgadiBChbKUM  IENIOJI0O3HO - MManepoBU KOMOIHAT» MPOBEAEHO IMOPIBHIHHS
e(EKTUBHOCTI 3HEBOJHEHHsS MAaKyJlIaTypHOI Mach Ta YTpUMaHHS BOJOKHA Ha
anapari Illonmep-Pirnepa 3 BUKOPUCTaHHSAM PI3HUX XIMIYHHUX JIOMOMIXKHUX
pedoBuH (XIP). /Ins BU3HAYEHHS IIBUAKOCTI 3HEBOJAHEHHS 10 1 JiTpa BOJHOTO
PO34MHY MaKyJaTypHOi Macu JfojaBaiu pizHi X/IP 3 MUTOMOIO BUTPATOIO 2 KI/T 1
bikcyBanu yac, HeoOximuui st ¢giabTpyBanns 200, 400 1 600 mu Boau yepes
CITKy anapaty (Tabu. 1), Ta BU3HaYalIM KUIbKICTh 3aBHCIIUX PEUYOBUH y (LIBTpaTI
(puc. 112).

Tabmuusg 1. 3anexHicTh MBUAKOCTI 3HEBOJHEHHS MAaKyJlaTypHOi MacHu 1

KOHLeHTpauii 3aBuciux pedoBuH (K3P) 3 Bukopucranusm XJ[P.

Ne XiMiuHI1 I[Tutoma [IIBraKoCTI 3HEBOJHEHHS
3/m JIOTIOMI>KH1 BUTpaTa | MaKyJIATypHOI Macu 00’ €eMOM, C K3P,
PEYOBUHHU X/P, r/n
KI/T 200 M 400 mn 600 M

1 | xomocrta nmpoba - 36 265 580 0,0443
o | NeitroRet 325 MK 2 11 62 150 0,0074
3 | NeitroRet HB3522 2 9 40 95 0,005
4 | NeitroRet TG992 2 11 35 135 0,0014
5 | NeitroRet KD4020 2 34 150 360 0,004
6 | NeitroRet DR525 2 5 24 58 0,0047
7 | NeitroRet FIC100 2 12 74 178 0,0108
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3 HaBeIEHUX JaHUX BHUJHO, IO OUIBIIY IBHAKICTH 3HEBOJIHCHHS
BOJIOKHUCTOI Macuh 1 MEHINY KUIBKICTh 3aBUCIUX PEYOBMH Yy (UIBTpaTi
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NeitroRet DR525, NeitroRet HB3522 1 NeitroRet TG992, siki pekOMeHIyIOThCS 3
BUTpaTaMu 2 KI/T BUKOPHCTOBYBATH Yy BUPOOHMIITBI KapTOHY JJIsSI MIOBEPXHEBUX
nrapiB roppoxapToHy.

1. bapbam B.A. Texuonorii mnepepoOJieHHs HEAEPEBHOI POCIMHHOI
CUPOBHHH Y IIETIOJIO30BMICHY TIPOAYKIlit0 : MoHorpadis / B. A. bap6am. Kuis :

Kapagena, 2022. —360 c.  ISBN 978-996-96914-60

101



36ipuuk Te3 qonosigeil XXI11 mixkHapoaHOT HAYKOBO-NIPAKTHYHOI KOH(pepeHIlii CTy1eHTiB,
acnmipaHTiB i MoJsioAnX BYeHUX “Pecypcoenepro3oepirarwo4i TexHoJorii Ta 00JaHaHHA”

YK 676.026
BrockoHajieHHsI TeXHOJIOTIl BUPOOHUIITBA KAPTOHY TAPHOI0 BOJIOTOCTIMKOI0
marictpanT ['opsnoit B.A., x.1.H, qou. Jleiikyn [.M.
np. [lepemoru, 37, Kui-56, 03056
HarionansHuil TEXHIYHUN YHIBEPCUTET YKpaiHU

«KuiBchkuii moniTexHiuHui 1HCTUTYT iMeHl [ropst CikopcbKoroy

Bupobu 3 rodpokapToHy € HalOUIBII PO3MOBCIO)KEHUM BHJIOM Tapu
3aBJISIKM JIETKOCTI, BUCOKUM TOKa3HUKAM MIIHOCTI, MJIACTUYHOCTI, €KOJOTIYHOCTI
Ta EKOHOMIYHOCTI, aJ[’Ke Tarip Ta KapTOH JUIsi BUPOOHUIITBA TOPPOKAPTOHY MOMKHA
OTPUMYBATH 3 MaKyJaTypH.

st BUpoOHMIITBA TOPPOKAPTOHY Ta PI3HOMAHITHUX BUPOOIB Y BUTJISIL
JOTKIB, SINUKIB JJI1 TaKyBaHHS OXOJO/DKEHOI Ta 3aMOpPOKEHOI TMPOMYKITT
BUKOPUCTOBYIOTh KapTOH TApHUN MaKyJlIaTypHUN BOJIOTOCTiIHKUI. Bukopucranhs
[IHOTO BUAY KapTOHY JIJIsi BATOTOBJICHHS Tapu po3muproe chepy ii 3acTrocyBaHHS 1
JI03BOJISIE 3aCTOCOBYBATH BHUPOOM B yYMOBaX MiJABUIIEHOI BOJIOTOCTI, 30epirarouu
IPY [IOMY TIPOYKITIIO Ta HUTICHICTD IITA0ES.

KapToH, 1m0 BHUKOPHUCTOBYETBCS JUIsl IUJIOCKHX IapiB Tro(poKapToOHY,
NOBMHEH MAaTU BHUCOKI MOKa3HMKaMU MILNHOCTI - ONIpY MpPOJAaBIIOBAaHHIO Ta
YKOPCTKOCTI, & TAKOXK JIOCTATHI 3HAYEHHS BOJIOTOMIITHOCTI.

3 Mi€I0 METO TPOBOAMTHCS TOBEPXHEBE IPOKJICIOBAHHS KapTOHY, SKE
MOKpaIIye HOro sKiCTh: HaJa€ MIIHOCTI Ta BOJIOTOCTIMKOCTI, 3HM)KYE BUTPATH
MPOKJICIOIOYNX PEUOBHH 3aBASKUA KpAlOMy YTPUMYBAaHHIO iX Ta 3HIDKYE
3a0pyIHEHHS CTIYHUX BOJI, y MOPIBHSAHHI 3 MPOKJICIOBAHHSIM B Maci.

JIisi  TIOBEpXHEBOTO MPOKJICIOBAHHS BUKOPUCTOBYIOTHCS PI3HI  BUJH
KpOXMaJjio, HaTpi€eBa CUIb KapOOKCHMETWILICNIOI031, Ka3eiH, TBAPUHHUM KIICH,

MOJTIBIHIJIOBUI CHUPT, JIATEKCH.
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KineinpHi mpecu 3a3BuYail BCTAaHOBJIIOIOTH y TIH YacTUHI KapTOHOPOOHOT
MaIIIUHHU, JIe CYXIiCTh MOJIOTHA Jtocsrae 85-94%.

VY KIeinpbHUX Tpecax MOKHA HAHOCHUTH MOKPUTTSA Macoro Big 1 1o 10 r/™m°.
[IpyHiun poOGOTH TaKoro TMpecy MNOJsArae B TOMY, IO TOJIOTHO KapTOHY
3aHYPIOETHCA Yy BAHHY 3 KIICEM.

[I1iBKOBI TIpecH Ha CBOTOAHI MalOTh PSI CYTTEBUX TIiepeBar mepen
KieinpHuMu. [LMiBKOBUM TIpec KOMITAKTHUM, PO3MIIIYEThCS Oe3MocepeiHbO B
MallMHI 32 YacTUHOK TONEPEJHbOTO CYIIIHHS 1 MOXE€ HAHOCHTH SK
OJTHOCTOPOHHE, TaK 1 JBOCTOPOHHE MOKPUTTS. [Ipec BUKOHaHMI K BOBaJbHUI 3
MOXUJIOK BICCI0O BajJiB Ta 3 TiApaBIiYHUM ab0 MHEBMATUYHUM TMPUTUCKHUM
3yCHIIJISIM, KEPOBAaHMM MEXaHI3MOM Baxelns. HaBaHTaKeHHS pPEryltoeThes
BIJIMOBIJTHO 710 Te€XHOJOT1yHUX BUMOT Biag 0 kH/M 10 MakcumanbHOI MPUTUCKHOT
cuin. llokpuBHE cepeoBUIE TNOAAETbCA B JI03YBAJIbHY Kamepy, 3BIIKH
NEPENaETbCsl B KaJdiOpyBaJlbHy YacTUHY, [€ 3a JONOMOror mpoQiIbOBaHUX
CTPWXKHIB KaJIOPY€EThCSA KITBKICTh HAHECEHOTO Ha KapToH MokputTsA. [lokpuBHa
JUCTIepCiss HAHOCUTHCS 3 JOMOMOIOI0 COIJIOBOTO J03aTopa Ha TMOBEPXHIO
MIPECOBOTO Bally, PIBHOMIPHO PO3MOJUIIETBCA HAa HWOTr0 IOBEPXHI, IICIS YOTO
HAHOCHUTBCS Ha MOJOTHO, IO TO3BOJISIE 3MEHIIUTH KIIbKICTh KJICK0 Y MOPIBHAHHI 31
3BUYAMHUM KII€iTbHUM mpecoM. [IpecoBl BanM CKOHCTPYHOBaHI 3 ypaxyBaHHSIM
MaKCUMaJIbHOI MPUTHUCKHOI CHJIM Ta JWHAMIYHO 30ajaHCOBaHI 3 HEOOX1THOIO
mBUAKICTIO. Hecyya KOHCTpPYKIIS BUTOTOBJISETBCS 3 KOHCTPYKLIMHOI a0o
HEpKaB1r0YO1 CTaJl.

V miBkoBOMY Tpeci Maca 1 M° TIOKPHTTS, 110 HAHOCHTBCS, HE MEPEBHIILYE 5
T, a BMICT TBEPJIUX PEUOBHH Yy PEIENTypax MOKPUBHUX CKJIAAaX HJs TIiBKOBOTO
npeca (mpu MoBEepXHEBiH 00pooIIl — 61M3bK0 45 %), 110 BUIIE, HIXK perentypa s
3BUYAHHOTO KJIEIIBHOTO Tipeca (y cepennbomy 15 %).

OTxe, 3aCTOCYBaHHsI IUTIBKOBOTO TIPECYy 3aMiCTh KJEUIBHOIO CYTTEBO
3HUXKYE
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OOpHBHICTh TIOJIOTHA dYepe3 MEHIIEe HOTro 3BOJIOKEHHS Ta 30epirae eHepriio,

HeoOXiHy Ha cymriHHS A0 10%, 1gae MOXIMBOCTI Uil 30UIbIICHHS PoO0YOl

HIBUAKOCTI KAPTOHOPOOHOT MAIIMHU.

IlepeJiik mxepeJ:

1. XKypuan «[odppoinmycrpis» - https://gofromagazine.com/

2. https://www.papcel.cz

3. https://www.andritz.com/
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YJIK 676.038.2
NIABUILEHHSI ECEKTUBHOCTI PO3ITYCKY MAKVYJIATYPU Y

BUPOBHULTBI NAIIEPY JJIA 'ODPPYBAHHSA
marictpanT Jaxyk O.0., K.T.H., 1o11. MoByaniok O.M.
HanionanbHui TexHiYHMIl yHIBepcuTeT YKpainu

«KuiBcbKuil nmoiTexHivHui iHcTutyT iMeHi Irops Cikopcbkoro»

Y cBITOBOMY BHpPOOHMIITBI Ha JOJII0 TapOINaKyBaJIbHUX BHJIB Ianepy Ta
kapTtoHy mnpunagae moHan 40 %. I oOcarm iX BUTOTOBIEHHS MPOJIOBKYIOTh
3poctaTd. Takli X TEHAEHLIi CIOCTEPIraloTbCsl 1 HA YKPAIHCBKOMY pPHUHKY
KapToHHO-mariepoBoi mpoxaykuii [1]. ¥V 2021 poui, nopiBassHO 3 2020-M,
BUPOOHMIITBO KApTOHY TapHOro Ta mamepy JJjs ro@pyBaHHA Ha BITYU3HSIHOMY
puHKY 30uIbIIHIIOCS Ha 7,9%. Cnig 3a3HaYMTH, 110 MaKyJaTrypa A yKpaiHChKHX
HIIPUEMCTB € OCHOBHMM HarliBhaOpuKaToM, y CUPOBUHHOMY OaslaHCi KpaiHu il
YacTKa CTaHOBUTH OJU3bKO 95% [2].

[Tamip myist rodpyBaHHS BUTOTOBISETHCS TMEPEBAKHO 3 Makynarypu. Bing
SAKOCT1 MIATOTOBKH MaKyJIaTypHOI Macu 3aJIeKUTh 1 AKICTh Marepy, 1 eKOHOMIYHI
MOKa3HWKHA BUPOOHUIITBA.

3aranbHONPUUHATUMHU TPUHIIUIAMU TIATOTOBKH MAaKyJlaTypHOI Macu €
30epekeHHsl TOTEHIialy ManepOTBOPHUX BIACTUBOCTEH BTOPHMHHHMX BOJIOKOH,
3HW)KCHHST BTpPAT BOJIOKHA, 3MEHIIEHHS EHEPrOEMHOCTI, MIABUIICHHS SKOCTI
MakyjaTypHoi Macu [3]. BrpoBajkeHHS HOBUX TEXHOJIOTIH Ta OOJIaJHAHHS B
MOTOKY TMATOTOBKHM MaKyJIaTypHOI MacH MEpPEeBaXHO CHPSIMOBAaHE Ha ITiBUIICHHS
SAKOCT1 Tamepy, 3HIKEHHS HOTro co0IBapTOCTI Ta 30UTBIICHHS MPOIYyKTUBHOCTI
TEXHOJIOTIYHUX JiHIH.

[lepmiuM TEXHOJIOTIYHUM TMPOILIECOM Y MOTOKAX MiATOTOBKH MaKyJIaTypHOI
Macd € PO3MYCK MaKyJaTypu JJis OTPUMaHHS BOJIOKHHCTOI CYCIEH3ii, 0

CYNPOBO/IKYETHCSI BUJAJIECHHSAM HAWOLIbII KPYMHUX 3a0pyaHeHb. TpaauuiiHum
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oOJIaTHaHHIM JIJIS PO3ITYCKY € Tiipopo30uBayi. Aje B rijpopo3duBadax JOIIILHO
MPOBOJUTHU JIMIIE MONEPENHIM PO3MYCK MaKyJlaTypu JJii OTPUMAHHS MAacH, IO
MOXKE TepekadyBaTtucs HacocamMu. /[l pO3BOJIOKHEHHS HEpPO3MYyUICHUX B
rigpopo30uBadi  (QparMeHTIB  MaKyJaTypd BHUKOPHCTOBYETHCS  TEXHOJIOTIS
JIOPO3BOJIOKHEHHS y CIIELIabHUX anaparax (BTOPHHHHX TiIpopo30uBauax), siki €
OUTBII KOMIIAKTHUMHU Ta €KOHOMIYHUMH. Lle m03BONs€ CKOPOTHTH TPUBATICTD
MOMEPETHHOTO PO3MYCKY Ta OJHOYACHO 3HU3UTH nuToMmi BuTpatu eHeprii (IIBE)
Ha po3myck. OpientoBHuii po3noain [IBE mig yac posnmycky B rizpopo3OuBadi 3a
KOHIeHTpallii Mmacu 3 — 6 % craHoButh 18 — 40 kBTt'roa/T, B TOl 4yac gK B
amapatax JJis JIOPO3BOJIOKHEHHS 3a TaKoi JK KOHIeHTpaumii macu — 16 —
20xBt-ron/T [3].

Kommanis «Papcely mnpomnonye BHCOKOC()EKTHBHUN BY30JI PO3IMYCKY
makynatypu (puc. 1 i 2) mHa 06asi BepTukampHOro Timpo3buBaua LCV-65, mio
npaioe B O6e3nepepBHOMY pexumi. Ui BUIATIEHHS JIETKUX JOBTUX 3a0pyJHEHb
(MOTY30K, CKOTYIB, TaHUIP's TOIIO) 3 BaHHM Ti[popo30MBaya IiJl yac poOOTH BiH
YKOMIIIEKTOBAaHUH JKTYTOBHTATYBadueM Mapku SN-13 Ta 70JaTKOBUM MPUCTPOEM
JUTSL pi3aHHA JKryTa Mapku DZS-65. Kpim Toro, s ouunieHHs riapopo3OuBayda
miJ yac poboTH nepeadavyeHo OJIMH 4Yd JiBa MeploAudHi cemaparopu Mapku PSN-
40, BiaxoaM 3 SKUX HaIXoIATh N0 Oapabany 3a0pyaHeHb Mapku OBN-20. Tam
BOHU IMiJITAIOThCSI TPOMUBAHHIO Ta 3HEBOJHEHHIO. [Ipomuti y Gapabani Bigxo.u,
0 TPAKTUYHO HE MICTATH BOJIOKHA, Jaji MOJarThes y npec Biaxomie OLV-600
JUJIS TIOJIAJIBIIIOTO 3HEBOIHEHHS [4].

OcTaTtoyHe KOMIOHYBaHHSI BCHOTO By3ja PO3IYCKY 3aJIeKUTh HAacaMmIiepen
BiJl 3a0pyJHEHOCTI MaKyJaTypu Ta HEOOXIJHOI MPOAYKTHBHOCTI BCi€i JiHIL. Y
BUMAAKYy Ounbln 3a0pyaHeHoi Makynatypu abo mnoTrpedbu y 30UIbIIEHH]
POJYKTUBHOCTI Tiepe10adaeThCcss BCTAHOBJICHHS ABOX cenaparopiB PSN-40 [4].

Beprukanbuuii rigpopo3ouBau LCV-65, 3amexHo Big BIaCTUBOCTEH
MaKyJaTypH, 10 pO3MYyCKAEeThCs, Ta KUIBKOCTI 3a0pyAHEHb, 110 MICTITHCS B HIH,
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3natHui 3a0e3nedunTu NmpoayKTUBHICTH Bl 500 mo 650 1/700y. ['iapopos3Oubau
CKJIQJIa€ThCS 3  METaJeBOi HEP)KaBilOYOi BaHHM, 10 BCTAHOBJEHA Ha

. . . 3 .
3ami300€TOHHUX omopax. Y [JHUIIl BaHHM 00’emMoM 65 M° po3TalioBaHi
GbyHKIIOHATIBHI €JIeMEeHTH Tiapopo3buBaua: porop HC nis pobotu 3a cepelHboi
KOHIIGHTpAIlii Macu, JomaTeBuil 0017, cTaropHe copTyBaibHe cuto (puc. 3). Bcei
BOHM BUKOHaHI 31 CIEUiaJbHOI 3HOCOCTIMKOI HepkaBiouoi cTaii. [1oTyXHICTH

nBuryHa — 560 kBT, penykTop 3 koxxyxom [4].

Puc. 1. By3ou po3nycky MakynaTypu:

1— BepTUKaIBLHUM T1IpOpo30KBay; 2 — MEPIOTUYHUN cernapaTop 3a0pyaHEHb; 3 —
3HEBOJHIOBANIbHUI OapalaH; 4 — JKIYTOBUTSTYBAY; 5 — MPUCTPIH IS pi3aHHS

JOKTyTa; 6 — peliTka, 10 CaMOOYHIIY€ThCS
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LETIOTOSA ALAKYVIIATYPA
B 512 — >e B
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131132
SN—-13+ DZS-65S
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13/30/110/1000

Puc. 2. Cxema By3Jia po3nycKy

MaKyJaTypu

Puc. 3. — ®ynkuioHanbHi eneMeHTH Tinpopo3buaua LCV-65: 1 — potop; 2 —

JonaTeBui 00111; 3 — COPTyBaJIbHE CUTO

Cemapatop PSN-40
BIIHOCHTBCSA  JIO  Kareropii
BTOPMHHUX  T1JIpOpO30MBayiB
3aKPUTOTO THUITY 1 MPU3HAYCHUM
JUISL  OYMINEHHS  OCHOBHOTO
rigpopo3ouBaua LCV-65, mo
mpaioe B 0Oe3mepepBHOMY
pexumMi, B HeOaXaHUX
JOMIIIIOK, TaKUX SIK IIMATOYKU
donbru,  IIIACTUKY,  TyMH,
raHyip's, nepeBa TOIIIO.
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yac pobotu rigpopo3ouBava. [IpoayktusHicTh cenapaTtopa PSN-40 3anexuTs Bij
MapKH MakyjJaTypu Ta CTyneHs ii 3a0pyaHeHocTi 1 craHoBuTh 80 — 150 1/100y,
noTyxHicTh qBuryHa — 90 kBr. Cenaparop mMae koHycHe cuto giametpom 800 MM 1
HIDKHIN MaTpyOoK BiAXOIiB [4].

TakuM YHHOM, BHKOPHUCTOBYIOUM BY30J pO3IYyCKy KomiaHii «Papcely,
MO’KHA CYTT€BO 301IBIINTH MPOAYKTUBHICTh TEXHOJOTIYHOTO MOTOKY MiATOTOBKU
MaKyJIaTypHOI MacH y BHUPOOHHIITBI Manepy mjis roppyBaHHS Ta €hEKTUBHICTh
BUJIAJICHHS 3a0pyHEHb Ha MOYaTKOBIM cTajli mepepoOKH MaKyJaTypH, 3HUKYIOUU

IIPU [IbOMY TUTOM1 BUTPATH €HEPrii Ta BTPATH BOJOKHA.

IlepeJik mocujians :

1. ActparoB M.C., Tomens M.JI., Mosuaniok O.M. TexHooris
nepepoOku manepy Ta kapToHy. Y. 1 : HaBYajdbHUN TMOCIOHUK. TPETE BUJIAHHS,
nonoBHeHe, nepepodiene. Kui: KIII im. Iropst Cikopcrskoro, 2018. — 270 c.

2. JIutBak D.JI. CompoTtusisieMcsi TPOJAaBIMBAHNIO: UTOTH paboThl BII
Yxpaunsl 2021 / Kypnan N'odhpounaycrpus, 2022. — Ne 02 (188). — C. 26 — 32.

3. BanuakoB M.B., Kynemos A.B., AnekcanapoB A.B., T'ayze A.A.
Texnosnoruss U oOopynoBaHue NepepabOTKU MaKyJaTypbl: ydeOHoe mocooue/

BIITO CIIOI'YIITA. — CI16., 2019. Yacts I. — 107 c.

4. High-capacity pulping node. URL.:
https://www.papcel.cz/ru/produkty/papir/packaging-materials/stock-preparation-
line/machinery-and-equipment/raw-material-pulping/ (dara 3BEpHEHHS:
20.10.2022).
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VYJIK 678.023
VELOCITY IN THE SECOND SUBZONE OF DISC EXTRUSION
PROCESS
PhD student Novodvorskiy V., Ph.D., Associate Professor Shved M.,
National Technical University of Ukraine

"Igor Sikorsky Kyiv Polytechnic Institute"

ABSTRACT.

An example is given of how the melt velocity in the second subzone can be
adjusted to increase the overall shear rate in order to regulate the temperature
homogeneity of the melt.

KEY WORDS: extrusion, polymer, melt, temperature homogeneity.

AHHOTALIA.

HaBeI[eHO I[IpUuKiIag TOro, K MOKHa PCryjaroBaTH IHBI/II[KOCTi PO3ILIABY B
JOPYTid Mia30H1 JJIg  30UIBIICHHS 3arajbHOi IMBHUJIKOCTI 3CYBY 3 METOIO
pEryJItOBaHHS TEMIIEPATYPHOI OJTHOPITAHOCTI pO3IIaBY

KJIIOUYOBI CJIOBA: exctpy3is, moyiMep, po3IuiaB, TeMIepaTypHa
OJIHOP1JTHICTb.

In [1], a homogenization zone is described, which consists of several
separate subzones. For a better understanding of the homogenization process,
(Fig.1) shows how the velocities in the second subzone can be managed.

There are several ways to increase the overall shear rate in the second
subzone:

- reduce the channel width h; (Fig.1.b)

- increase the speed of the disc rotation n (Fig.1.c)

- increase the speed of the disk and reduce the width of the channel (Fig.1.d)
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Conclusion. Knowing how to adjust the speed in the homogenization zone,
it is possible to adjust the temperature homogeneity. And for this it is necessary to

understand how to regulate the distribution of velocities in each subzone.

Fig.1. Distribution of longitudinal and tangential velocity in the channel with
increasing screw speed and reducing the annular clearance width h, in second

subsone

References:

1. HoBoasopcekuii B. B., Kosoa A.M., IlIsex M.IL., IlIsexn 1. M.,
Keposanuii iporiec ekctpy3ii nomimepis, XXXIX HaykoBo-TexHiuHa
KOH(EpEeHIIisl MOJIOANX BUYCHHUX Ta CIEUIATICTIB IHCTUTYTY IpoOsieM

moaentoBanHs B enepreruili im.I.€. [TyxoBa HAH Vkpainu, m. Kuis, 12 tpaBus

2021 p., c. 108-110;
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YK 676.275
BUKOPUCTAHHA XIMIYHUX JOITIOMI>KHUX PEYOBUH JJIAA
MNOKPAILIEHHSA TOKA3HUKIB KAPTOHY JJISA IVIOCKUX LIAPIB
IF'O®POKAPTOHY
MmarictpadT Bunky 10.0., acmipantka SAxumenko O.C., mpodecop bapbdam B. A.
HarionansHuil TEXHIYHUN YHIBEPCUTET YKpaiHU

«KuiBchbKU MOMITEXHIYHUHN THCTUTYT IMeHI [rops CiKOpChbKOTO»

JlocnmipkeHO TpolleC BUKOPUCTAHHS XIMIYHUX JIONOMDKHMX PEUOBUH IS
MOKpAIICHHS TOKa3HWKIB KapTOHY [UI IUJIOCKMX IapiB  TO(poKapTOHY.
BcranoBiieHo, 110 32 BUTPAT XIMIYHO-A0NOMIKHOT peuoBrHHU NeitroBond TWS 14
10 Kr Ha TOHHY KapTOHY JIsl TOBEPXHEBUX I1apiB TOQPOKAPTOHY MPUPICT (HI3UKO-
MEXaHIYHMX TOKa3HMUKIB KapTOHY CcTaHOBUB Bif 5,2% no 44,9%. IlokazaHo, 110
nonaanHs NeitroBond TWS 14 B macy 3 BuTparamu 5 Kr/T kapToHy Mapku K —

125 moxkparrye oro ¢pi3uko—MexaHiuHl MokasHuk# Ha 3,8 — 37,5%.

Kuro4uoBi ciioBa: xiMiuHa JOMOMIXKHA pEYOBHHA, MaKyJjaTypa, KapTOH s

IJIOCKUX 1apiB ToGpoKapTOHY

The process of using chemical auxiliary substance to improve cardboard
performance for flat layers of corrugated cardboard has been investigated. It was
established that at the consumption of NeitroBond TWS 14 chemical auxiliary
substance of 10 kg per ton of cardboard for the surface layers of corrugated
cardboard, the increase in physical and mechanical indicators of cardboard was
from 5.2% to 44.9%. It is shown that the addition of NeitroBond TWS 14 to the
mass with consumption of 5 kg/t of K-125 cardboard improves its physical and

mechanical indicators by 3.8-37.5%.
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Keywords: chemical auxiliary substance, waste paper, cardboard for flat layers of

corrugated cardboard

B CBITOBIl 1EIONO3HO-TIANIEPOBI MPOMMCIOBOCTI B OCTaHHI POKHU
CTIIOCTEPIraeThCs MOCTIHE 3pOCTaHHs 00CATIB BUPOOHUIITBA MArepy 1 KapTOHY IS
MaKyBaHHS PI3HUX MPOJOBOJBYMX TOBAPIB 1 MPEAMETIB KYJIbTYpPHO-TIOOYTOBOTO
npusHadeHHs. Cepen TMaKyBaJbHMX BHJIB KapTOHHO-TIAMIEPOBOI  MPOMYKITT
BKJIMBE 3HAUCHHS ISl EKOHOMIKHU 1 KYJIBTYPU CY4acHOTO CYCILJILCTBA MAa€ KapTOH
MaKyJaTypHUW i1 TUIOCKUX MIapiB ro¢pokapToHy. Y TOpIBHSHHI 3 1HIIMMHU
MaTepianamu I TTaKyBaHHS, KapTOH MaKyJaTypHHA Ma€ PsijI TaKuX MepeBar, skK:
BIJIHOCHY JICHIEBU3HY 1 JIOCTYMHICTh BUXIJIHOT CHPOBUHU, MOKJIUBICTh OTPUMAHHS
Matepialy 3 panilie 3aJaHuMu (I3UKO-MEXaHIYHUMHU Ta 1HIIUMH CHOKUBYUMU
BJIACTUBOCTSMH [ 1].

Kapronna tapa snerko yrunizyerscs 1 10 80% MOBTOPHO BUKOPUCTOBYETHCS
y BUIJIAJI MakyJaTypu, L0 Ma€ BEJIUKE 3HAYCHHS IS Pecypco30epeKeHHs 1
3HIDKEHHSI COO1BapTOCTI KIHIIEBOI KAapTOHHO-MAMNEpOBOI MPOAYKIli. BiTunsHsHI
MiIIPUEMCTBA TaTy3l 3a3BHYail BUKOPUCTOBYIOTh MakyjaTypy, ska HE 3aBXKIU
3a0e3nedye HeoOX1AH1 (PI3UKO — MEXaHIYHI MOKa3HUKHU Marnepy 1 KapToHy, a TOMY
JUTsL X TOKpAIleHHS TMOTPeOYyIOTh 3aCTOCYBAHHS XIMIYHUX JIOMOMDKHHX PEUYOBUH
(XIP). Tomy nocnimxeHHs 1 BIpoBaJKeHHs] HOBUX X/IP y TeXHOJIOT14HI MOTOKH 3
BUPOOHMIITBA KAPTOHHO-TIATIEPOBOT MPOAYKIIli € BaXKJIMBOIO HAYKOBO-TIPAKTHUYHOIO
3aJa4ero.

OnHuM 13 BITYMBHSHUX TIANPUEMCTB, K€ 3aliMA€ThCsl BUTOTOBJICHHSIM
HeoOximuux s mignpuemctB rany3i XJIP, € TOB «Espoxim Cepsic». B
naboparopuux ymoBax Ha [IpAT «KupmauiBCbkuil  II€IOJI03HO - TANEPOBUIMA
KOMO1HAT» MPOBEICHO JOCHIIAU 3 MOpIBHSAHHS edekTuBHOCTI X/IP miei kommanii
JUTSL TIOKpaIeHHs (i3UKO — MEXaHIYHUX BJIACTUBOCTEH KapToHy Ta marepy. [licms

MPOBEJICHHS MONIEPEAHIX JOCIPKEHh BCTAaHOBJIEHO, 10 TakKa KaTiOHHa PeYOBHHA
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sk NEITROBOND TWS14 € onniero 13 takux edextuBHux XJIP. Bona moxe
HaJaTH THMYacOBY BOJOTOMIIHICTh Tamepy 1 KapTOHY Yy BOJOTOMY CTaHi,
JIOTIOMarae yHUKHYTH TpoOJeMHU 3 MepepoOKor0 Opaky, M0 OCOOIMBO JOPEUYHO Y
BUPOOHUIITBI CaHITApHO-TITEHIYHUX BHUJIB IaIepiB, 30KpeMa, CEPBETOK, XYCTOK,
PYUIHHUKIB, TyaJ€THOTO TMamepy 3 MEeNIoJIo3d 1 MAakKyJlaTypHOTO BOJIOKHA.
NeitroBond TWS14 no3Bosisie MOKpamuTd MOKa3HUKH MIIHOCTI KAapTOHHO-
MarepoBOi MPOYKIIT Ta 3HU3UTH ii cOO1BapTICTh NpoaykKilii. [IpoaykT He BUMarae
JIOTATKOBOTO TPHUTOTYBAHHS Ta TOTOBHH 10 BUKOPHUCTAHHS B TOBAPHOMY BHTJISII
[2].

B naGopaTopHUX MOCHIDKEHHSX TMOPIBHIOBAIM BIUIMB pi3zHux XJIP Ha
3HaUYE€HHA (I3UKO — MEXaHIYHMX IIOKa3HUKIB KapTOHY /I IUIOCKUX IIapiB
ropokapToHy, JJiE 4YOTO BUKOPHUCTOBYBAJIM BOJIOKHHUCTY Macy 3 MAaIIMHHOTO
OaceiiHy miAnpueMcTBa KOHIeHTpauiero 3,2 /i1, cryninb mauy 33°IHP, pH - 7,3 1
temriepatyporo 28°C, a TakoX pericTpoBy BOAY 3 TaKHUMH TMOKa3HUKAMHU:
koHueHrtpariero 0,165 r/n, pH 6,9 1 temneparyporo 27°C. Ins mpoBeneHHs
nociixensb Biaoupanu 100 rpamis BosnokHucToi Macu 1 900 rpamiB pericTpoBoi
BOJY, TMeEpeMillyBadud 1 gomaBainu HeoOximHi X/[P BiamoBigHO HACTyITHHX
BapIlaHTIB:

e [lepumii — xonocra npoba 6€3 BCAKUX JTOMIIIOK

o Jlpyruii — 3 BHKOpuUCTaHHSIM KoaryisHTy NeitroFix F 25 Tta anioHHoro
kpoxmaio EHStarch APN. Butpatu NeitroFix F 25 - 5 xr/T, EHStarch APN
- 10 xr/T

o Tperiii — 3 BuKOpHCTaHHSAM KaTioHHOoro kpoxmamo EHStarch EC 40.
Burpatu EHStarch EC 40 - 10 xr/t

e YerBepTuil — cymim KOMIOHEHTIB KoaryJsHT NeitroFix F 25, anioHHuit
kpoxmais EHStarch APN i NeitroBond TWS 14. Burparu NeitroFix F 25 -
5 kr/t, EHStarch APN - 10 kr/t, NeitroBond TWS 14 — 10 xr/T.
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3 BOJIOKHUCTOI cycnensii Bigoupanu 8§50 rpam, poOunu BiimuBkU Macoro 100
r/M%, sIKi TpecyBamM i BHCYIIYBAIM B3ipIi UIS MPOBEACHHS 3 HUX MOIAJIBIINX
aHaI31B, PE3YNbTATH SIKUX HABEJCHO Y TaOJHIII.

Sk BUIHO 13 HaBeJEeHUX y TaOIMIll AaHuX, BUKopuctaHnHs NeitroBond TWS14
nokpairye Bcl (PI3UKO — MeXaHIYHI MOKAa3HUKH KApTOHY ISl TJIOCKHX IapiB
ropokapToHy, a came:

e AOcooTHUH omip mpojasieHHIo — Ha 13,9 %

e PyiiHiBHE 3yCHJIIs IPU CTHCKaHHI Kb — Ha 44,9 %

Tabnuisg — O13uKo-MeXaH1YH1 TOKA3HUKU KapTOHY JUIsl INIOCKUX II1apiB

ropoKapToHy
N NeitroFix F 25,
JlaboparopHi XoiocTa N?ItrOFIX F25 EHStarch | EHStarch APN
i EHStarch . Np
BUNPOOYBaHHS npo0a APN EC 40 1 NeitroBond

TWS 14
AbcomoThui omip 169,17 178,00 186,33 192,67
IIPOJIABJIIEHHIO, Kl la
PyHHIBHE 3yCHIIA TIDH | g5 80,93 112,43 124,13
cruckanHi kiablg, RCT
Omnip MIOHMHHOMY
CTTCHEHIIO 140,90 140,53 136,63 148,23
ro(hpoBaHOTO 3pa3Ka,
CMT (H)
Omnip TopueBomy
CTICHEHHIO 0,62 0,64 0,67 0,79
ropoBaHoOro 3paska,
CCT (xH/m)
Onip CTUCKaHHIO 3pa3Ka
Ha KOPOTKIi Bi/ICTaHi B 0,70 0,80 0.77 0.97
HOTNIEPETHOMY HATIPsMI,
SCT (xH/m)

e Omip MWIOHMHHOMY CTUCHEHHIO TO(POBAHOTO 3pa3ka — Ha 5,2 %
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e Omip TOpLIEBOMY CTUCHEHHIO TOPpOoBaHOrO 3pa3ka — Ha 28,6 %

e Omip CTUCKaHHIO 3pa3Ka Ha KOPOTKIii BIJICTaH1 B MONEPEIHLOMY HaIpsMi

—Ha 38,1 % y nopiBHSIHHI 31 3pa3KaMH XOJIOCTOI MPOOH.

Takum uuHOM, XiMmiyHa JomoMikHa pedoBuHa NeitroBond TWS14 3
BUTpaTOr0 10 KI/T peKOMEHIYETHCS BUKOPUCTOBYBATH Y BUPOOHUIIBI KAPTOHY JIJIS

IJIOCKUX  TMapiB  TOPpPOKApTOHY Il  TMOKpAIIEHHS  HMOTO  CIOXKHBUYUX

XapaKTEPUCTHUK.
Ilepesik mocujianb:

1. bapOam B.A. [HHOBaIIIHI TEXHOJIOT1] POCIUHHOTO PECYypPCO30epeKEHHS:

Hapuansauii mocionmk. — Kui: Kapasema, 2016. — 288 c.
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UDC 631.527:633
CALCULATION EXTRUSION PARAMETERS IN THE MATRIX
CHANNEL DURING THE PROCESSING OF GRAIN MIXTURES
d.t.s. G. lvanitskyi, c.t.s. B. Tselen,
c.t.s. A. Nedbaylo, c.t.s.N. Radchenko
Institute of Engineering Thermophysics of NAS Ukraine

ABSTRACT: The authors presented the results of the numerical calculation
of temperature changes in the pre-matrix and matrix zones of the extruder on the
example of processing a multicomponent mixture based on soybeans, corn and
flax. The regularity of temperature growth with characteristic jumps during the
transition from zone to zone and the influence on their size of the gap change and
the amount of moisture in the raw materials have been established. The obtained
data can be useful in studying the mechanism of influence of high-temperature
processing on the structure and physicochemical composition of multicomponent
plant mixtures.

Keywords: extruder, extrudate, grain mixture.

To date, increasing the volume of livestock production is impossible without
solving the problem of obtaining high quality protein feed. Soybeans, peas, corn,
rapeseed, various forage grasses, etc. are mainly used as raw materials. Extrusion
equipment is most often used for their processing. This is due to the versatility of
the technology since it allows you to process almost any type of raw material,
implementing the process in a wide range of changes in temperature, pressure and
processing time, which ultimately makes it possible to obtain a wide range of
various feed products. However, when organizing the process, certain difficulties
arise associated with predicting the degree of exposure to high temperature (up to
180°C) and pressure (up to 7 MPa) that occur in the pre-matrix zone and in the
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matrix, which grow sharply in less than one minute on vegetable raw materials,
that is, its protein structure, fats, carbohydrates and vitamins.

In this regard, there is a need to carry out a preliminary theoretical
calculation of these parameters, which will allow you to control the depth of
physicochemical and structural transformations and obtain the necessary properties
and quality of the final product at the output. Within the framework of this
direction, the authors presented the results of the theoretical calculation of the zone
before entering the matrix and in the matrix, which allows calculating the nature of
the temperature increase in the plant mixture. Figure 1 shows the calculation
results as an example, in particular, the regularity of temperature changes the
mixture of soybeans, corns and flax along the pre-matrix zone and in the matrix
with different amounts of moisture in the raw material (Fig. 1la) and the

dependence of temperature at a variable gap in the matrix zone.

t’c t’c
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a) 6)

Figure 1 — The nature of the change in the temperature of the plant mixture
along the pre-matrix and matrix zones at different values:

a — moisture content w ; b — gap width h.

Conclusion.
The calculated dependences of temperature changes obtained showed that in

the process of passing the pre-matrix zone and matrix, the temperature of the
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extruded mixture is constantly increasing and with a slight jump during the
transition from zone to zone. The nature of the temperature increase is maintained
regardless of the variable parameters of the process (the amount of moisture and
the size of the gap). It was established that the change in the size of the gap from
1.8 to 2.5mm. allows you to adjust the temperature of the mixture by an average of

5°C, and the change in moisture content — by 10°C.
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YK 662.61, 662.66, 532.528.
JTOCJIKEHHS CTIMKICTI BOZOBYTI'VIBHOI CYCIIEH3II B
YMOBAX KABITAHIMTHOI OBPOBKH
n.7.H. IBanunpknii I'.K., x.1.H. Llenens b.4., x.1.H. Hexbaiino A.€.,
k.T.H. Paguenko H.JI., Illenkin B.B.
[actutyT TexHiunoi Temwnodizuku HAH Ykpainu
AHOTALIA. Haseodeni pesynomamu  O0CHIONCeHHs — IHmMeHcupixayii
npoyecy OmMpumaHHs 60008y2inbHoi  cycnenzii (BBC) 3 euxopucmauHAM
2i0poOuHamiyHoi kagimayii. 3 Memor 00CNHiONHCEeHHs PO3POOIeHO MA 8U2OMOBIEHO
2I0POOUHAMIYHUL 3MIULY8AY, OCHOBOIO AKO20 € CONIO0, OCHAUjeHe mypoyii3amopom
nomoky. byno eusnaueno eniug 2iopoounamiunoi kasimayii Ha ceOUMeHmMayiuHy
CMIUKICMb CYCNeH3ii 8 3anedCHOCmI 810 il Maco8oi KOHYeHmpayii.
Knwuosi cnoea: 2iopoounamiuna xagimayisi, 60008y2iibHe NAIUBO,

ceouMeHmayitiHa Cmitikicmo.

STUDY OF STABILITY OF HYDROCARBON SUSPENSION IN
THE CONDITIONS OF CAVITATION
Dr. Sc. Ivanitsky G.K., Ph.D. Tselen B.Ya., Ph.D. Nedbailo A.Y.,
Ph.D. Radchenko N.L., Shchepkin V.V.
Institute of Engineering Thermophysics of the NAS of Ukraine
ABSTRACT: The article presents the results of a study of the intensification
of the process of producing coal-water suspension using hydrodynamic cavitation.
For the purpose of the research, a hydrodynamic mixer was developed and
manufactured, the basis of which is a nozzle equipped with a flow turbulator. The
influence of hydrodynamic cavitation on the sedimentation resistance of the water-
coal suspension was determined, depending on its mass concentration.
Key words: hydrodynamic cavitation, hydrocarbon fuel, sedimentation

resistance.
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Ha crorognimmHiii nenp mnepea YkpaiHowo Ta Oaratbma KpaiHaMH CBITY
rOCTPO CTOITh MUTAHHSA €HEPreTUYHOI OE3MEeKH Ta MOIIYKY ajJbTePHATUBHUX BU/IIB
NajuB, IO 3/AaTHI TOBHOIIHHO 3aMIHMTH TpaAuiliiHi. PO3BUTOK TexHONOTIN
BUPOOHMIITBA BOJIOBYTUIBHUX CYCHEH3IA € Jy)K€ aKTyallbHUM [IJIsl BUPIIICHHS
MI00ANBHUX MPOOJIEM PECYpPCOOIMIATHOCTI Ta €KOJIOTii. Y 3B’SA3Ky 3 UM OyJIo
CTBOPEHO EKCHEPUMEHTAJIbHUM CTEHJ, pPOOOYUM OpraHOM SIKOTO  CTaJlo
KaBiTallliiHEe COIJIO 3 TypOysi3aTOpOM MOTOKY Y BHUIJISAI KpUIbYaTKH. MeToro
JIaHO1 pOOOTH € TOCIIJIPKEHHSI CEIMMEHTAIINHOI CTIMKOCTI BOJOBYT1JILHOTO MaTNBa
B YMOBAaX T1JPOJUHAMIYHUX PEKUMIB, IO PEATI3YIOThCS HA TAHOMY CTEH]II.

CenuMeHTallifHy CTIMKICTh BOJOBYTUIBHOI CyCIEH31i BU3HAYAIU MO BHUCOTI
mapy OCaKeHHST JHUCHEpCHOI TBepjaoi (a3 1 3MiHI  TEXHOJOTTYHUX
XapaKTEePUCTUK 3 TUIMHOM dYacy. OTpumaHi 3aJeXHOCTI, HaBEJIeHI B IpadidyHOMY
BUTJISIAL, Ha pHC.3, MOKA3ylTh CTAOUIBHICTh CycHeH3li mnpotsiroM 5-6 mi0.
3HIKEHHS BHUCOTH Iapy JucnepcHoi ¢a3u CBIAYMTHL MpO JiecTadlIi3alliio
JUCTIEPCHOI CHUCTEMH, IO MPUBOJIUTH JO TOCTYMOBOTO OCAHKEHHS 1 3TYIICHHS

BYTUIbHUX YaCTHUHOK.

Bucora mapy BBC, cm
20

19
18 2
17
16 3
15

0 1 2 3 4 5 6
t, moba

Puc. 1. 3amexHicTh BHCOTH mapy AucrepcHoi ¢as3u 3 MiIMHOM dacy. 1 —
MacoBa KOHIIEHTpaIlist Byruns 56%; 2 — macoBa koHIeHTpaiist Byriuist 60%; 3 —

MacoBa KOHIIEHTpallist Byrunis 65%.
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OTxe, TpU BHCOKMX MAaCOBUX  KOHIIGHTpAIlIAX  CYCIEH3ll s
JIOBFOTPUBAJIOT0  30€piraHHs €  HEOOXIJHICTh  BUKOPUCTAHHS  XIMIYHHUX

cTal1113aTOPIB, IO MiABUIIYIOTH CEAMMEHTAIIHHY CTIHKICTh €MYJIbCIi.
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UDC 631.527:633
FEATURES OF THE PROCESSING OF THE MIXTURE BASED ON
SOYBEANS AND CORN IN THE CHANNEL OF THE EXTRUDER
MATRIX
leader researcher, Doctor of Engineering, G. lvanitskyi,
leader researcher, Ph.D. B. Tselen, senior researcher, Ph.D.A. Nedbaylo,
senior researcher, Ph.D. N. Radchenko

Institute of Engineering Thermophysics of NAS Ukraine

ABSTRACT: The authors presented the results of the numerical calculation
of temperature changes in the pre-matrix and matrix zones of the extruder on the
example of processing a multicomponent mixture based on soybeans, corn and
flax. The regularity of temperature growth with characteristic jumps during the
transition from zone to zone and the influence on their size of the gap change and
the amount of moisture in the raw materials have been established. The obtained
data can be useful in studying the mechanism of influence of high-temperature
processing on the structure and physicochemical composition of multicomponent
plant mixtures.

Keywords: extruder, extrudate, grain mixture.

To date, increasing the volume of livestock production is impossible without
solving the problem of obtaining high quality protein feed. Soybeans, peas, corn,
rapeseed, various forage grasses, etc. are mainly used as raw materials. Extrusion
equipment is most often used for their processing. This is due to the versatility of
the technology since it allows you to process almost any type of raw material,
implementing the process in a wide range of changes in temperature, pressure and
processing time, which ultimately makes it possible to obtain a wide range of
various feed products. However, when organizing the process, certain difficulties
arise associated with predicting the degree of exposure to high temperature (up to
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180°C) and pressure (up to 7 MPa) that occur in the pre-matrix zone and in the
matrix, which grow sharply in less than one minute on vegetable raw materials,
that is, its protein structure, fats, carbohydrates and vitamins.

In this regard, there is a need to carry out a preliminary theoretical
calculation of these parameters, which will allow you to control the depth of
physicochemical and structural transformations and obtain the necessary properties
and quality of the final product at the output. Within the framework of this
direction, the authors presented the results of the theoretical calculation of the zone
before entering the matrix and in the matrix, which allows calculating the nature of
the temperature increase in the plant mixture. Figure 1 shows the calculation
results as an example, in particular, the regularity of temperature changes the
mixture of soybeans, corns and flax along the pre-matrix zone and in the matrix
with different amounts of moisture in the raw material (Fig. 1a) and the

dependence of temperature at a variable gap in the matrix zone.
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Figure 1 — The nature of the change in the temperature of the plant mixture
along the pre-matrix and matrix zones at different values:

a — moisture content w ; b — gap width h.

Conclusion.
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The calculated dependences of temperature changes obtained showed that in
the process of passing the pre-matrix zone and matrix, the temperature of the
extruded mixture is constantly increasing and with a slight jump during the
transition from zone to zone. The nature of the temperature increase is maintained
regardless of the variable parameters of the process (the amount of moisture and
the size of the gap). It was established that the change in the size of the gap from
1.8 to 2.5mm. allows you to adjust the temperature of the mixture by an average of

5°C, and the change in moisture content — by 10°C.
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UDC 631.527:633
Calculation extrusion parameters in the matrix channel during the processing
of grain mixtures.
d.t.s. G. lvanitskyi, c.t.s. B. Tselen, c.t.s. A. Nedbaylo, c.t.s.N. Radchenko
Institute of Engineering Thermophysics of NAS Ukraine

ABSTRACT: The authors presented the results of the numerical calculation
of temperature changes in the pre-matrix and matrix zones of the extruder on the
example of processing a multicomponent mixture based on soybeans, corn and
flax. The regularity of temperature growth with characteristic jumps during the
transition from zone to zone and the influence on their size of the gap change and
the amount of moisture in the raw materials have been established. The obtained
data can be useful in studying the mechanism of influence of high-temperature
processing on the structure and physicochemical composition of multicomponent
plant mixtures.

Keywords: extruder, extrudate, grain mixture.

To date, increasing the volume of livestock production is impossible without
solving the problem of obtaining high quality protein feed. Soybeans, peas, corn,
rapeseed, various forage grasses, etc. are mainly used as raw materials. Extrusion
equipment is most often used for their processing. This is due to the versatility of
the technology since it allows you to process almost any type of raw material,
implementing the process in a wide range of changes in temperature, pressure and
processing time, which ultimately makes it possible to obtain a wide range of
various feed products. However, when organizing the process, certain difficulties
arise associated with predicting the degree of exposure to high temperature (up to
180°C) and pressure (up to 7 MPa) that occur in the pre-matrix zone and in the
matrix, which grow sharply in less than one minute on vegetable raw materials,
that is, its protein structure, fats, carbohydrates and vitamins.
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In this regard, there is a need to carry out a preliminary theoretical
calculation of these parameters, which will allow you to control the depth of
physicochemical and structural transformations and obtain the necessary properties
and quality of the final product at the output. Within the framework of this
direction, the authors presented the results of the theoretical calculation of the zone
before entering the matrix and in the matrix, which allows calculating the nature of
the temperature increase in the plant mixture. Figure 1 shows the calculation
results as an example, in particular, the regularity of temperature changes the
mixture of soybeans, corns and flax along the pre-matrix zone and in the matrix
with different amounts of moisture in the raw material (Fig. 1la) and the

dependence of temperature at a variable gap in the matrix zone.
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Figure 1 — The nature of the change in the temperature of the plant mixture
along the pre-matrix and matrix zones at different values:
a — moisture content w ; b — gap width h.

Conclusion. The calculated dependences of temperature changes obtained
showed that in the process of passing the pre-matrix zone and matrix, the
temperature of the extruded mixture is constantly increasing and with a slight jump
during the transition from zone to zone. The nature of the temperature increase is
maintained regardless of the variable parameters of the process (the amount of

moisture and the size of the gap). It was established that the change in the size of
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the gap from 1.8 to 2.5mm. allows you to adjust the temperature of the mixture by

an average of 5°C, and the change in moisture content — by 10°C.
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UDC 532.584:537.84
JOCJIIKEHHA 30HN OUNIIEHHA MATHITHUX ®IJIBTPIB
K.T.H. /[laxnenko B.JIL.

[HcTHTYT TexHiuHO1 Teruodizuku HarionansHoi Akanemii Hayk Ykpainu

AHOTAILIA. [locniodceni napamempu KOMNOHY8AHHA pPOOOUOI  30HU
2PAHYNIbOBAHUX DINbMPYIOUUX HACAOOK MACHIMHUX QIlbmpie i3 8paAXy8aHHAM
ocobaueocmeri HaMAZHIYYBAHHS.

KIIFOY0BI CIIOBA: ©®UIBTPYIOUA HACAJIKA, MATHITHE IIOJIE,
HAIIPYXEHICTb MATHITHOI'O IIOJIA, IHAYKOIA, MAI'HITHA
CIIPUMHATIIMBICTD, TABAPUTHUI PO3MIP.

HasiBHICTh 3BOXKEHUX JOMIIIOK JJIsi OUIBIIOCTI PIAKUX CEPEIOBUIL €
HEMHHYYMM y pe3ylbTaTi 3HONIYBaHHsA il KOpO3il eJeMeHTIB ycTaTKyBaHHs. IX
HASIBHICTh TMPHUBOJUTH JI0 TOTIPIICHHS SKOCTI W POCTYy COOIBApTOCTI OJMHMIIL
MPOIYKIIi, 3HMKEHHS HAAIMHOCTI ¥ JOBrOBIYHOCTI ycTaTKyBaHHs. HalOinbiu
XapaKTEPHUM BHJIOM 3a0pYyJIHEHBb € 3aJ1130BMICTKI BUCOKOJIUCIEPCHI BKIIOUYEHHS,
KOTpP1 BaXKO MIJJAIOTCSI BUJIYYEHHIO MPU BUKOPUCTAHHI TPATULIMHUX OYMCHUX
MeTo1B. OCOOIUBICTIO TAKUX JIOMIIIOK P13HUX PIJUH 1 Ta3iB € Te, 110 BOHU MaIOTh
nepeBaxHo ¢epomarHiTHi (pepumarHiTHI, aHTU()EpOMArHiTHI) BIACTUBOCTI, TOOTO
3/1aTHI 10 BIUIMBY HAa HUX Mar”iTHOTO moJjisi. EQGEeKTUBHUM ciocOO0OM BUITYUEHHS €
3aCTOCYBaHHS MAarHITHUX OYHCHUX TMPHUCTPOiB, poOOTa SKUX 3acHOBaHAa Ha
3aXOIUICHHI ~MarHiTOCOPUMHSTIUBUX YacTOK TMPH BIUIMBI  HEOTHOPITHOTO
MarHiTHoro noJjs [1].

OCHOBHUM pPOOOYMM OPTaHOM MAarHITHUX QUIBTPIB, NPUHAYCHHUX JIS
OYMIIICHHS PIJIMH 1 ra3iB BiJl BUCOKOJIUCTIEPCHUX MPOAYKTIB KOpo3ii € PpinbTpyroda
Hacajka. 1i copOuiiiHa (QyHKIs 3aJeXKUTh BiJl MarHITHUX BJIACTUBOCTEH IpaHyJl
HAcaJKM y TO€JHAHHI 13 CHCTEMOI0 HaMarHiuyyBaHHS, apKe TeOMEeTpis By3Ja
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OUHIleHHS (PiIbTpa BU3HAYAE HASIBHICTH (PaKTOpa po3MarHiuyBaHHS, IO 3HIKYE il

MMOTEHIIHI MOKJIUBOCTI.

23
g A

Pucynok. 1. Bapiantu HamMaraiyyBaHHsI HACaJOK: pO3TAlllyBaHHS HACAKH B
coJieHO1Ai (a), 3 O0OKOBUM pO3TalllyBaHHSIM MarHity (0, B) 1 BapiaHTH Ople€HTaIli
HACAJIOK IMIHAPUYHOI (T, 1) 1 IpU3MaTU4HOI (€) GOopMHU IO BITHOIICHHIO 10
HaIpsIMKy HaMarHiuyBaHHs: | — puibTpyroua Hacajka, 2 — Kopnyc, 3 — coyeHoin, 4

— IIOJI0Ca CUCTCMH HaMaFHi‘-IYBaHHSI.

BEI_BD, [ 1 B [~ B -
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Pucynok. 2. KpuBi HamaraiuyBaHHsI HACaJIKH SIK KBa3UCYIILJILHOTO MaTepiary
(minig 1, 1maykuis B) pizaux 3paskiB Hacanok (miHii 2 — 7, inaykuis BO):
UTHAPUYHOI popMmu monepek oci, 6/a=0,91 (a); 6/a=0 (6); HamarHivyBaHH1
HacaJoK Npu3MaTU4HOI (JTiHii 2, 3, 5, 7) 1 muiiHApruYHOI PopM y370BXK Oci (JTiHisA
6) 6/a=0 oy 2, 3, 5, 8/a=1,1 nns 6, 7 (B); BigHOCHUM rabaput 3pa3kiB (a/b): 2 —
44,3-2,0;4-10;5-0,5,6-0,44; 7-0,5.

Ha puc. 1, a 300paxkeHa cxemMa COJIEHOITHOTO KOPOTKOro (iibTpa, KOJIH
BIJIHOIICHHS JOBXKHUHU cosieHoina L nmo oro miamerpa D Hesnaune. Hanpukmian,
npu L[/D=1, 3a paxyHOK MiJBHIICHOTO (akTOopa pO3MarHidyBaHHs, CEpPEIHE
3Ha4YeHHs 1HAYKIii B Hacaami csarae 30-40% mnotenuiinoro B. ®akrtop
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pO3MarHiyyBaHHsI MPOSBIAETbCS W y (QUIBTpaX 3 MOMEPEYHUM HaMarHigyyBaHHSIM
Hacanku (puc. 1,0), 0cOOIUBO KOJU MIXK IMOJIOCAMU CHUCTEMH HaMarHidyyBaHHS, 1
HACaIKOI0 KOHCTPYKTUBHO Nepe10aueHuil HeMarHiTHHM 3a30p o.

['eomeTpis HacaakH, XapaKTepU3yOUYnCh napamerpamu a (ado D) i b (abo L),
npu 3MiHI Ha 90° HanpsMKy HaMarHidYyBaHHs Hacaaku i a<<b HaouHo cBigunTs Ha
puc. 1, a 300paxxeHa cxema COJICHOITHOTO KOPOTKOTO (PiIbTpa, KO BIAHOIIECHHS
JTOBKMHU coyieHoina L 1o ¥oro miamerpa D nesnaune. Hanpuknaza, mpu L/D=1, 3a
paxyHOK MiJIBUILIEHOTO (pakTopa po3MarHiuyyBaHHs, CEpEAHE 3HAYEHHS 1HIYKLII B
Hacazui csarae 30-40% noteniiinoro B. @aktop po3MarHidvyBaHHs MPOSBISETHCS
i y ¢iapTpax 3 MOMEpeYyHUM HamarHiuyBaHHAM Hacajgku (puc. 1,0), ocoOamBO
KOJM MDK MOJIOCAMH CHCTEMH HaMarHidyyBaHHS, 1 HACaJKOK KOHCTPYKTHUBHO
nepen0ayeHU HEMarHiTHUH 3a30p 6.

['eomeTpis HacaIku, XapaKTepu3yO4IUCh mapamerpamu a (ado D) i b (abo L),
npu 3MiHI Ha 90° HampsAMKY HamMarHidyBaHHS Hacaaku 1 a<<b HAOYHO CBITYHUTH
OpO HECHPUSTIUBUN BIUIUB (akTOopa pO3MarHiduyBaHHA. Y  COJICHOIAHHUX
npuctposix (puc. 1, a) ¢dakTop po3MarHiuyyBaHHS, HACAaJIKH 3HAYHOIO MIpOIO
sHmKyeTbes nipu L/D>4, cepenns inaykiiis B Hacaaui csrae 90% MOTEHIIHHOTO
3HaueHHA. Y (QUIbTpax 3 MONEPEYHUM HAaMAarHIYyBaHHSM BHJIOBXKEHOI HAacaJKu
(puc. 1, 6) meit ¢dakTop 3HUIKYETHCA 3a PaXYHOK 3MEHIICHHS 3a30py Mixk
CEPJCYHUKOM 1 HAcaakow [2] BUKOHAHHSM BIJIMOBIIHUX TOPLEBUX 1 OIYHUX
3arau0JieHb Yy CepJIEYHUKAX, 3aCTOCYBAHHSM (PEpOMArHiTHUX BCTABOK y MICLSAX
KOHTAaKTy CEpJeYHHKAa 3 KOPIYCOM, BBEICHHSIM CepAeyHHKa Oe3NocepeHbO B
HacaiKy. Y TakuX BUIIQJKax HAcaJKa CTa€ sIK OM 3JIMTOIO 3 IHIIUMH eJIeMEHTaMH
MarHiTONpoBOAY, YTBOPIOIOYH 100p€e 3aMKHYTUI MarHiTHUM JaHIor. OfHak 1e He
3aBXKIU MOXKJIMBO 31HCHATH Ha TIPAKTHIII.

Ha puc. 2, a, 6 (miuii 2-5) HaBeAeH1 KpUBl HAMarHiuyBaHHs Hacaiku (puc. 1,
0), 13 KyJboK JiameTpoM d=1 MM, po3TamoBaHuX y Kopiiycl giamerpom a=D=22
MM (a>>d [2]), npu ABOX 3HAYCHHSX IMUPHHHU 3a30py: d=20 mm (8/a=0,91) i 6=0
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(mna Hacanku MWNHAPUYHOI dhopmu 3a30p 0=0 dbopmaabHUN, TOMY IO B I[LOMY
BUIAJIKY 3a30p 3MIHHOT IIUPUHHU OYB — MK TUIOUIMHOIO MOJIOCA W MUITTHAPUYHOIO
nmoBepxHer Hacanaku). Ha puc. 2 (minii 1) moka3zaHa TOTEHIIIHHA KpHUBa
HaMarHi4yBaHHS I1€1 HACAJKH, 10 HE Ha0araTo MOCTYMAEThCS HACA/IIl 3 KyJIbKaMu
MiBUIIEHOTO miameTpa [2] 3-3a pi3HOT MIMOWHU TOBEPXHEBOTO MIITHOTO Iapy,
KOTpHUH MOTIpIIy€e MarHiTHI BIACTUBOCTI KyJb. BHIHO, 110 BC1 KPUBI MOMEPEUHOTO
HaMarHiuyBaHHs HAcaJKH MPU PI3HUX BiHOIIEHHIX a/b (JiHii 2-5 Ha puc. 2, a, 0,
iHaykuiss BD) 3HaxonsThCs HMXKYE KPUBOI TMOTEHIIMHO MOKIMBOTO PiBHS
HaMarHiuyBaHHs (JiHisg 1 HaA puc. 2, iHAyKis B), ane npu 3MEHIIEHH] 3a30py O
HaOJMKAIOTHCS 10 HEl.

Cniz BIA3HAYUTHU, 1O JJIS HACAOK, 1[0 MAOTh MJIOCKI MTPUIIOIIOCHI MOBEPXHI,
pIBeHb HaMarHidyyBaHHS HAcaJOK MOMEpPeK LUX IUIOMIMH TpPU OJHAKOBIN ILIOIII
BUSIBJISIETHCS] IPAKTUYHO OJIHAKOBHUM (pHC. 2, B, JHII 6, 7) He3a1eXHO Bi (HopMH
014HOiI MOBepXH1 MWIiHApUYHOI (AUB puc. 1, 1) abo mpusmaruyHoi (puc. 1, e), —
TOOTO, BU3HAYAJIBHUM IapaMeTpoM TyT BUCTymae twioma S (a6o S [3]); mesike
BIIXWJICHHSI MOKE CIOCTEpIraTHCs JIMILE MPU MOMITHIA BHIOBKEHOCTI 3pa3Ka.
Pasom 3 TuM y BCiX BUMNAJKax NP HaMarHiuyBaHHI TaKWX 3pa3KiB y JOTUK 3
MarHiTHUMU mnojitocamMu (6/a=0) 1XxHI KpUBI HaMarHiuyBaHHsS BIJMIOBIIAIOTh
IPaHUYHOI KPUBOi HaMarHiuyyBaHHs Hacaaku (puc, 2, B, miHii 1, 2, 3, 5) y Hacaaui
nuTiHApUYHOI hopmu (puc. 2. 0) mpu 6/a=0 3a30p BIACYTHIN (POPMATBLHO).

XapakTepHo, 110 /0 HAcaJKd K J0 KBa3ICyLIJIbHOTO 3pa3Kka MOXYTh OyTH
3aCTOCOBaHl  KJACM4HI  3aJeXKHOCTI  MPO  MOMEPEYHe  HaMarHidyBaHHS
dbepoMarHiTHOrO Tijla, HANPUKIAA, UWIIHAPUYHOT (opMu 3  KoediieHTOM
po3MarHiuyBaHHsi N=1/2. Tak, MokHa BUKOpPUCTaTH (HOpMYIy 3B’SI3KYy MarHiTHOi

CIPUMHATIMBOCTI Tijia i MaTepiaiy:

xl

1)
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ne Kr=Kp=Wp—l 1 k=pu—1 — MarHiTHI COPUHHATIUBOCTI TiIa (B JAaHOMY BHUIAIKY
KBa3iCYyIJIbHOT HAcaJK{, KOTpa HaMarHidyeTbcs B3J0BXK i1 ailameTrpa a=D) i
KBa31CyLJILHOTO MaTtepuairy: uD i |\ — BIAMOBITHO iXHII MarHiTHiN MPOHUKHOCTI.

Jam nuigxom niepepaxyBaHHS 3 BUKOpPUCTaHHAM 3B s3KiB Bp=poupH 1
B=pouH (uo=4n 10" T'm/M — maruitHa nocriiina) i mamux B (puc. 2. mimis 1)
BD/B—)O,4

TakuMm 4uHOM, MPHU MONEPEYHOMY HaMarHi4yBaHHI rpaHyJbOBAaHOI HACaJKU
UATHAPUYHOI (1 mpu3MaTuyHOi) (GOpMH NpPU peajbHIA HASIBHOCTI 3a30py MK
NOBEPXHEK HACaJKM ¢ IUIONIMHOKO IOJNIOCIB  JOCUTh BHUCOKHUN  PIBEHBb
HaMarHi4yBaHHs, IO HAOJMXKAETHCS O TPAHUYHOTO, JOCSTAETHCS TUIBKU MPHU
CHIBBIIHOLIEHH] IIUPUHUA W TOBUIMHM I1apy a/b>6. Kpim Toro, gaHi ajis BUNAaaKy
JTOTUKAHHS HacaakW W TONIOCIB y Jiama3oHi a/b=3-6 no0pe y3romKyrThCs 3
JJAaHUMH TI0 HAMarHi4yBaHHIO B COJICHOI/Il TAKOTO K 3a (POPMOIO 3pa3Ky y3JI0BK OCI
[2]. SIx BUIHO, Take Y3TOJKEHHs CIpaBeJIMBO Bxke mpu a/b, abo L/D>3. Jlnsa
KOPOTKOT'O MIIHAPUYHOTO 3pa3Ka, [0 HaMarHidyeTbcs y3710BXkK ocl (puc. 3, a, 0,
B, wtpuxosi JiHii 1), mpu L/D<3 3nauenns BD/B craioThb MOMITHO MEHIIMMU
BIAMOBIAHUX 3Ha4YeHb BD/B miis Takoro »k KOPOTKOro ITWIIHAPUYHOTO 3pas3ka 3
aHAJOTTYHUMU 3HaYeHHsMU a/b, 1110 HaMarHiuyeThcs Monepek oci (puc. 3, CyIiIbHI
miHii 1), BHaCHIAOK TOTO, IIO B MEPIIOMY BHUIAJKY 3pa30K yce Ouiblie mpuitMae
dbopMy TITACTUHKY, a B APYTOMY — CTPUIKHS MAJIOTO JllaMeTpa.

BucHoBku. 1. YMoBa a/b>6 moxxe BucTynaru 6a30BUM NpU KOHCTPYIOBaHHI
GITBTPIB 3 MOMEPEYHUM HaMarHiuyBaHHSIM HACaJKU ¥ HasSBHOCTI MK TOJIFOCOM 1
HACaJKOI0 3a30py, a TakoX 1 s GUIBTPIB cojeHoimHoro Tumy. 2. [ns
JOTPUMAaHHS TEXHOJIOTIYHOI JOBKMHU HACAJAKH JOILIJIHPHO BHUKOPHUCTOBYBATU
normrapoBse ii po3ranryBanHs (puc. 1, B). 3. SIk moka3yroTh BUMIPIOBaHHS 1HAYKITT
BD B oaHOMY 13 TpbOX IIapiB 3 PEryJIbOBAaHUMHU MIK HUMHU 3a30pamu A (puc. 4, 0),
NPUMHATHUN BIZHOCHMM 3a30p MK IIapamMd, KOJW I 1Iapu BeayTh cele
MPaKTUYHO HE3aJeKHO OJHWH BIJ OJHOTO, CTaHOBHTH A/b>2 (puc. 1, 0). lle
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O3Hayae, 10 BIACTaHb MIDXK IlIapaMH TMOBUHHE OyTH B 2 pa3u OuIbIIE BJIACHOI
TOBIIMHUA KOXKHOTO mmiapy. 4. Ilomroca 30BHINIHBOI CHCTEMH HaMarHiqyBaHHS

MOBHHHI YEPryBaTHCS BIAMOBIIHO PO3TAIIYBAaHHIO (PUIbTALIMHUX MIAPIB.
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Institute of Engineering Thermophysics of the NAS of Ukraine

RESEARCH OF THE MAGNETIC FILTERS CLEANING ZONE

Summary

Experimentally investigated parameters of arrangement of working zone of
granular filter fillings of magnetic filtersare taking into account of features of
magnetizing.Keywords: filter fillings, magnetic field, tension of magnetic-field,

induction, magnetic receptivity, overall size.
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Mechanism of structure formation of geopolymer materials
Sobchenko V.V., Khvastukhin Yu.l., Zhaivoronok V.A., Sobchenko
A.O.
Gas Institute of the National Academy of Sciences of Ukraine, Kyiv,
Ukraine

In the production of high-quality building materials, one of the directions is
the use of geopolymeric (hydroaluminosilicate) materials, which are obtained as a
result of alkaline treatment of raw materials of natural or technogenic origin,
including kaolins, rocks, slags, TPP ashes, etc. The formation processes of
geopolymeric (hydroaluminosilicate) materials have not been sufficiently
investigated [1]. In Ukraine, research was conducted to create conditions for the
development of such materials [2]. The Institute of Gas of the National Academy
of Sciences of Ukraine conducts research on the processes of obtaining heat-
insulating materials, including from alkali-activated siliceous raw materials [3].
During the research, the tasks of assessing the influence of the composition of raw
materials and technological parameters of production on their physico-chemical
and physico-mechanical properties were set. But an important task is to study the
conditions of transition of the initial material into the polymer phase. It is assumed
that there is a synthesis of the polymer structure of the initial materials from
monomeric silicate and aluminosilicate groups. The initial material will be a
geopolymer only when the alkali-activated initial material turns into a zeolite from
an amorphous to a semi-crystalline state.

According to the Duxson model, proposed by the authors [4],
polymerization begins with the dissolution of finely dispersed, heat-treated
aluminosilicate raw materials in an alkaline medium. At the same time, the
dispersion and reactivity of aluminum in the raw material are affected. The process

takes place with a sufficient amount of water and is accompanied by the

135



36ipuuk Te3 qonosigeil XXI11 mixkHapoaHOT HAYKOBO-NIPAKTHYHOI KOH(pepeHIlii CTy1eHTiB,
acnmipaHTiB i MoJsioAnX BYeHUX “Pecypcoenepro3oepirarwo4i TexHoJorii Ta 00JaHaHHA”

destruction of aluminum and silicon compounds, which go into solution and
accumulate as individual particles on the surface (in monomeric form). As solid
particles accumulate in the solution, its polymerization takes place, which is called
geopolymerization. It is worth noting that when there are sodium or potassium
cations in the pores of the geopolymer, which are not chemically bound to it, they
migrate to the surface of the material and undergo atmospheric carbonization,
which is the reason for the formation of salts on the surface of the geopolymer. [5]
According to the results of studies on the formation of geopolymers [1], the
mechanism of structure formation due to the interaction of raw materials with
NaOH or KOH occurs in 7 stages:
1. Aluminum Al is formed in the side group of silates —Si-O-Al-(OH) ; —Na™:

| | Na"g ,OH
TS —O—AI=0; 4+ 0H Nat,H0 —Si—0—Al
| > | | OH
Ie] ol OH

I |
— 5 — — Si—
I I
2. The dissolution of alkali begins with the addition of OH- hydroxyl groups to

Si atoms, as a result of which the valence of electrons increases to the pentavalent

State:
Nat Na*t H
| W oM +OH" ol e/’o
—Si—0—A1{_ . =i —0—AI{_
| | OH no” | | OH
101 OH 101 OH
| |
- Si — et

3. Oxygen O, which is contained in the siloxane —Si-O-Si, is split off with the
formation of intermediate silane groups —Si-OH and the main siloxogroups Si — O-
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+
E)I _Na '-’:‘l'fOH | /OH
—Si—0—Al —_— — i —O—AI.\\
wo” 1) | TOH | | "OH
101 OH @|g| OH

|
—Si— OH
I I

—_— —
|
4. The formation of Si-OH silane groups continues, orthosylates are formed,

which become the primary nuclei of geopolymers:

OH
| Ny oM ‘o | Nag
—Si—Q—Al-\\ » HO— Si—QO0—Al
| | OH | |
1O OH 101 OH
> S

5. Basic compounds -Si-O- interact with sodium cations Na+, as a result Si-O-

Na bonds are formed:
DH Na+ OH

| - OH + Na+ | @ /"OH
HO— Si —Q—AI\ »  HO—SI —O AL\
I | OH I | OH
101 OH o] OH
Na*

6. Condensation takes place between orthosilate molecules, reactive Si-ONa
groups and OH-AI hydroaluminosilicate groups, with the production of NaOH and
the formation of cyclotrisylate structures, as a result of which NaOH alkali is
released and again enters the polycondensation reaction with the formation of
sodium polysilate nepheline structures. In the presence of liquid glass (soluble Na
polysilate), an orthosilate-disilox cyclic structure is formed, where NaOH alkali is

released and reacts again:

| Nog OH H  Na*  on
HO— i — 0—AI{_ ca/
| T L. TOH HO— 5i —0 Al
]OI Ib |- : | I OH
©/5i < Y- N > 101 101 + 2NaOH
JNa >
'-,Q’:rn |0| ' l
I | HO— Si — 0 —Si—01®
HO= Si = 00— Si =0 ® | f Na™
| ) Na* [e] OH
Q) 10 OH  Na*
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7. Polycondensation of the albite structure continues to form typical chain

structures.
OH + - 0“ OH " OM -
HO—Si —0—AI_ _. _ 0l0—5i—0—5—01® HO—$i —8—AI=0 = §i =0—5i—0I®
| | oM T | | T | |7 T TN
b 0 eassy 1O ol > 10 101 Is]] 10
L _qar ol _ I A
HO— % —Q—Si—Ql-----" " 28§ —Q—Al—OH HO— $ —0—Si—0 — $i — O—Al—OH
e OH 7 - 0 = =/ 2 o
! | Na* ! | | . Na* |
. J - OH Q
o2 O OH 101 OH OM
. o2
o’ Na 4 INJOH

Although the structuring processes of geopolymer materials have not been
sufficiently studied, these materials are considered as a promising alternative to
certain types of construction materials. The most significant advantage of such
materials is the possibility of using multiton industrial waste, which is the basis of
resource conservation.
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MODERNIZATION OF THE BENZENE PRODUCTION FACILITY
WITH THE DEVELOPMENT OF A TUBULAR CATALYTIC
REACTOR AND HEAT EXCHANGER

student M. I. Mudryk, associate professor, Ph.D. Stepaniuk A.R.
National Technical University of Ukraine
"Ihor Sikorsky Kyiv Polytechnic Institute

ANNOTATION: The technological scheme of benzene production is
considered. The advantages and disadvantages of the catalytic reactor and the
heat exchanger are formulated.

KEYWORDS: TECHNOLOGICAL SCHEME, BENZENE, CATALYTIC
REACTOR, HEAT EXCHANGER.

MOJEPHI3ZALIIA YCTAHOBKH BUPOBHHILITBA BEH301Y 3
PO3POBKOIO TPYBYACTOI'O KATAJIITHYHOI'O PEAKTOPA TA
TEII/IOOBMIHHHKA
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HauionanbHuUi TeXHIYHUI YHIBEPCUTET YKpaiHH
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KJIIO4Y0BI CJOBA: TEXHOJIOITTHHA CXEMA, BEH3O0JI,
KATAJIITUYHWI PEAKTOP, TEIIJIOOEMIHHUK.

Raw benzene is a product of high-temperature coking, which is a
mixture of vaporous organic compounds that do not condense from gas with
resin. The main components of "raw benzene" are mononuclear aromatic
compounds - benzene (up to 70%) and its methylated homologues: toluene (8-
20%) and xylenes (2-5%). Benzene is a component of gasoline, is widely used
in industry, and is a raw material for the production of medicines, various
plastics, synthetic rubber, and dyes [1]. Therefore, the modernization of the
raw benzene production facility is an urgent topic.

Figure 1 shows the technological scheme for obtaining crude benzene
[2]. Absorbent oil saturated with benzene hydrocarbons is fed to the
dephlegmator 1, where it is heated by the steam coming from the distillation
column 2,

After the dephlegmator, the lubricant enters the heat exchanger 3, where
it is heated by the lubricant flowing from the column and further heated by
steam in the steam heater

4. From the steam heater, the lubricant enters the distillation column 2,
in which benzene hydrocarbons are driven off. From the lower part of the
column, the lubricant is pumped into the heat exchanger 3, where it cools.

Vapors of benzene hydrocarbons, lubricants and water from distillation
column 2 enter the intertube space of dephlegmator 1. The phlegm obtained in
the dephlegmator enters separators 12 and 13.

After the dephlegmator, the vapors of crude benzene and water are sent
to the separation column 14, in which the vapors of benzene hydrocarbons are
separated into two fractions of crude benzene: light benzene and heavy
benzene. Vapors from dephlegmator 1 flow to the bottom of the rectification

141



36ipuuk Te3 qonosigeil XXI11 mixkHapoaHOT HAYKOBO-NIPAKTHYHOI KOH(pepeHIlii CTy1eHTiB,
acnmipaHTiB i MoJsioAnX BYeHUX “Pecypcoenepro3oepirarwo4i TexHoJorii Ta 00JaHaHHA”

part of the column and, passing from the bottom to the top, are enriched with

low-boiling components.
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1, 16 — dephlegmator; 2 — distillation column; 3 — heat exchanger; 4 -
steam
heater; 5, 8, 10, 11, - pump; 6 — irrigation cooler;
7, 18, 23 — collection; 9 — capacitor; 12, 13, 17, 21 — separator; 14 —
evaporation column; 15 — refrigerator; 22 — evaporator; 24 is an additional
column.

Drawing. 1 - Technological scheme for obtaining raw benzene

Vapors from the upper part of the column enter the condenser 16, where
condensation and cooling of light benzene takes place. Part of the light
benzene is supplied to the upper plate of the separation column 14, the rest
enters the collector 18.

Heaters for heating heavy benzene are installed in the evaporating part
of column 14. From this part of the column, heavy benzene enters the

refrigerator 15, from where it is transferred to the warehouse.
142



36ipuuk Te3 qonosigeil XXI11 mixkHapoaHOT HAYKOBO-NIPAKTHYHOI KOH(pepeHIlii CTy1eHTiB,
acnmipaHTiB i MoJsioAnX BYeHUX “Pecypcoenepro3oepirarwo4i TexHoJorii Ta 00JaHaHHA”

Advantages and disadvantages of a catalytic reactor.

Advantages of the device: continuous process, optional measuring
devices, high productivity.

Disadvantages of the device: complex design of the device, high cost.

Advantages and disadvantages of the heat exchanger

Advantages of the heat exchanger: simplicity of design, large area of
heat exchange, continuous process.

Disadvantages of the heat exchanger: low productivity, overall size, high
cost.

The purpose of the work is to modernize the production of benzene with

the development of a catalytic reactor and a heat exchanger.
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MODELING OF KINEMATICS MIXING OF POLYMER MELTS IN
THE HOMOGENIZATION ZONE OF DISK EXTRUDER
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ABSTRACT: At present, methods of modeling and calculations of disc
extruders are not developed enough. The difficulties in describing the processes
occurring in this type of apparatus are explained by the necessity of taking into
account the viscoelastic properties of processed materials. It is mathematical
models which allow to choose effective modes of operation of the disc extruder
and to improve energy efficiency of the equipment. Thus, research and modeling
of mixing process in disk extruders is an urgent problem.

KEY  WORDS: DISC  EXTRUDER, HOMOGENIZATION,
VISCOELASTIC PROPERTIES.

AHOTANIISA: Ha cporomni meTroaud MOJCIIOBaHHS Ta, BIJAMOBIIHO,
pPO3paxyHKH AMCKOBUX EKCTPYAEPIB, PO3BUHYTI HENOCTaTHHO. TpyAHOILIl ONUCY
MPOIIECIB, 1110 B11I0YBAIOTHCS Y IAHOMY THUITY arapariB MOSICHIOETHCS HEOOX1THICTIO
BpaxyBaHHS B’A3KO-TIPYKHUX BIACTUBOCTEH mepepoOitoBanux cepeaouil. Came
MaTeMaTU4Hl MOJENi, JalTh 3MOry miaiOpatd e(peKTHUBHI pexuMU poOOTH
JMCKOBOTO 3MilllyBaya Ta, BIJAMOBIIHO, TOKPAIIUTH €HEProeeKTHUBHICTh
oOnanHaHHs. TakuM YMHOM, AOCTIIPKEHHS Ta MOJIETIOBAHHS MIPOLIECY 3MILTYBAHHS
y IUCKOBUX EKCTPYAEpAX € HACYLIHOIO MPOOIEMOIO.

KJIIOYOBI CJIOBA: I[I/ICKOBI/Iﬁ EKCTPYJIEP, 3MIILIIYBAHHA,
B’A3KO-ITPYJXHI BJIACTUBOCTI.
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In the publications [1,2], using rheological equations of “plain liquid" on the
Noll, were obtained expressions for calculation of the velocity profile of

viscoelastic materials in the slit of the disk extrusion (fig. 1):

Fig.1. Coordinate system for calculation of the disk extruder

In the radial direction:

b= - 2)

mh3r

In tangential direction:

)u(p = wr{l - (Z/h)bexp[—c(l —z/h)] }

-1.5 -1.5
= 1072 (Z . c=64-10"2(L :
here‘b =1-53-107(5) ¢ c=64-102(2) Ty,
[Rew \'* 1 _ phrw
- F%Eur mn2’7 yReyy = um ’
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Here | — productivity; [ — width of slot; R — radius of the rotary disc; k
— angle speed; jn — melt index; |4 i jm — rheological parameters, which are
determined experimentally.

The influence of viscoelastic properties of the melt, i.e. the influence of
normal stresses on the profile of the tangential component of velocity, was
analyzed numerically, whereas its role in the development of the total shearing
force in the slot is much larger than the radial component, which determines the

productivity of disk extruder.
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In fig. 2 the dependence of the tangential component of the dimensionless
speed, from the dimensionless radius r* is shown.

v = w'r" (1= 2",

R 3
here}m* =28 =32 4 =%,z* =§|F

Fig. 2. The dependence of the tangential component of the dimensionless

speed, from the dimensionless radius r* (@ = 1,54).

In fig. 3 the dependence from the size of the complex k, which characterizes
the connection between viscosity and elastic properties of polymers was shown. As
is seen from the figures, at a certain value profile have a significant non-linear,
decreasing with the increase of r* and at r* = 0,3 it practically disappears.

Nonlinearity increases with increasing elastic forces and with decreasing viscosity
forces operating in the system.
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Fig. 3. Dependence of tangential component of speed on complex

b(r*=10,1):
a—@ =154b—¢ =0,515;c — @ = 0,02.

The total deformation of the shear in the system is determined by the ratio

}VCYMM = f Ot

For the speed of deformation, the following equations are fair:

0V, 3 Q

A7 - mh3r

= or ) G Hi)ewl-c(1-5)

On the other hand, the speed components in the cylindrical coordinates can

v,
at

vy
at

dt + [

dt (1)

z(h — 2z)

be represented as

v _ —o0r
T 2
) )

¢

In equal (1) all variables are functions of the current radius, although integral
extended along time, therefore it is necessary to establish the dependence of
coordinates of material particles from time spent in the zone of deformation. This

allows us to record the first equation of the system (2) as:
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or _ 3
b =5 = 2= 2) ®
Integrating equations (3) between |0 to |t and R to [, we get:
_ _ 6Qz(h-z)
}r = \/ R? ————t (4)

The total time of the material in the working area of the disc decoder can be

found under condition ¢ = Z atfr = 0, which, considering dependence (4), gives
_ mh3R?

"~ 60Qz(h-z (5)

Equations (4) from (5) can be presented in the form

r=RJ1—t/t (6)

After integration of the equalization (1) from zero to the average time of the

material stay in the working zone, taking into account the dependencies for the
deformation speed and (6), we obtain the formula to determine the cumulative
deformation in the slot of disc extruder relative to the material volume.

}y _ 1,02KymR*hw + 6,57Q

summ — TRh3Q

It should be noted that the nonlinear profile of the tangential component of

velocity has a minor role in calculating the deformation of the displacement.
Therefore, linear approximation can be used to calculate deformation. The
resulting error is taken into account by the m coefficient, which characterizes the
effect of the nonlinear profile of the tangential component. As the calculations
showed, for the linear profile (3 = 0)K, =1, and for (i =3) K, = 1,1.

Between these values, the ratio is linear. There is a correlation between the
deformation of the shift, which is transferred to the material in the working gap of

the disk encoder and the criteria of the quality of the static mixing (Fig. 4) [1, 2, 3].
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Fig. 4. Dependents of [ (a) and |K,,(b) on the deformation of the slip.

Statistical criteria for the assessment of homogeneity are widely spread, but
it is advisable to use parameters that allow to analyze the state of the mixture
directly in the process of work of the extruder, using parameters from which the
process of mixing depends significantly.

The authors conducted preliminary studies, which provided statistical
assessment of mixing efficiency from the intensity of the imparted energy by the
classical methods of sampling of cold samples of polymer. At the same time, under
the same conditions, the temperature field of the channel melt was scanned with
the help of the multi-point grid thermocouple, which was installed at the exit of the
disc extruder. Similar statistical estimation of mixing efficiency from the intensity
of the imparted energy on inhomogeneous temperature field and their comparative
characteristics (fig. 5), showed that the discrepancy in the estimation of the
effectiveness of mixing by the two methods above does not exceed 8%. Therefore,
the method of estimation of homogenization of melt on inhomogeneous
temperature field can be used in industry at designing, modernization or operation

of polymeric processing equipment.
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Fig. 5. — Dependence of mixing efficiency on intensity at the level of

productivity

All experimental values of static criteria are well described by one common
curve, which allows to simplify calculation and modeling of this type of
equipment.

Using also the dependence of the deformation on the processing parameters
and the design characteristics of the equipment, it is possible to decide on their
optimal values.
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NOCJJIKEHHS KIHETUKHU CYIITHHS KOJIOIJHUX KAIILISIPHO-
IOPUCTHUX MATEPIAJIIB B TYHEJIbHIN CYIIAPIII
J.1.H. I1a3rok B.M., Mm.H.c. BummHeBCchKMit B.M., M.H.c. BummaeBchka T.A.

Incruryr Texnivnoi reniodizuku HAH Ykpainun

CtBOpeHHsI Cy4acHOTO OOJaAHAHHS IS CYIIIHHSA KOJIOITHUX KaIiJspHO-
MOPUCTUX MAaTeplajiB € NEepIIOYeProBUM 3aBAaHHSAM. /[[7s BHpIIIEHHS I[HOTO
3aBJaHHS OYJI0 CKOHCTPYHOBAHO JBO30HHY TYHENIbHY CYIIAPKY, SIKa CKJIAIA€THCS 3
KOpIyCy, BEHTWISITOpA, HarpiBaJbHUX €JEMEHTIB, 2-X BI3KIB, CHCTEMHU

MOBITPOIPOBO/IIB Ta MYJIbTY KEPYBaHHS pOOOTOIO 3€pHOCYIIAPKHU.

a) 0)

Puc. 1. [locnimHa TyHenbHA CylIapka:

a) 3arajbHUN BUTJIS CYIIAPKHU 3 MyJETOM KEpyBaHHS;

0) BUTIs/] CYyITUILHOT KAMEPH 3 BI3KOM.

B cepenuni xopmycy cymiapku 3MOHTOBaH1 2 psi/id HarpiBajlbHUX €JIEMEHTIB
MJacTUHYaTol (GopMH ISl KOXKHOI 13 30H cymriHHA. KuIbKICTh HarpiBajgbHUX
€JIEMEHTIB BIANOBIJA€ KIUIBKOCTI MIAJOHIB Ha Bi3Ky 1 ckimajgae 20 mT., TOOTO
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3arajibHa iX KUIBKICTBH JUIs JBOX BI3KIB ckiamae 40 mr. s HampaBieHHs
TEIJIOBOTO TOTOKY Ha MIJJAOHU 3 MPOJIYKTOM € MOKJIMBICTH PEryJlOBaHHS KyTa
HaXWITy HarpiBAJIbHUX €JIEMEHTIB.

B cymmnpHil kamepi € MOXKJIUBICTh BUMIPIOBaHHS TeMIIEpaTypu Ta BOJIOTOCTI
TEIUIOHOCISI HA BXOJIi, B CEPeIrHl Ta Ha BUXOJl 3 CyIIMWIbHOI Kamepu. BigHocHa
BOJIOTICTh Ta TEMIIEpaTypa TEIUIOHOCIS B CYIIWJIBbHIM Kamepl BU3HAYAETHCA pelie
KOHTPOJTIO TeMIiepaTypH i Bosiorocti PKBT-2/16.

JIst 3HWKEHHS TEIUIOBMX BTpaT B CYIIMJIBHIM YCTAaHOBIN TepeadadeHa
PELMPKYJIALIS TeTIOHOCIS.

JUist  mOCHPKeHHSI KIHETUKHM CYIIiHHS Oyiu BUOpaHI HACTYIHI OBOYEBI
KyJbTYpH: KapTOIUIS Ta rapOys3.

Kapromito ouunniyroTh Bii HIKIPKHU, Hapi3al0Th HA TJIACTUHKU Ta MPOBOJATH
TEIUIOBY 0OpOOKY OJIaHIITYBaHHSAM S5 XB IMICJISI YOTO MaTepiai CYIIUThCS.

[apOy3 ouMInarOTh BiJ WIKIPKH, BUOMPAIOTH HACIHHSA, Hapi3aloTh Ha
IJTACTUHKY 1 MAJAI0Th CYIIIHHIO.

[lepen cymiiHHSM KapToIUii Ta TapOy3a BH3Hauyajgach MOYaTKOBA BOJIOTICTh
MaTtepianxy: KapTOIUlsl 3 IOYaTKOBOIO BOJIOTICTIO 78%, rapOy3 3 MOYaTKOBOIO
BoJiOTiCTIO 88%.

KineTuka nponecy CymiHHsS KOJOITHUX KanUISPHO-MIOPUCTHX MaTepialiB IPH

Temriepatypi Terionocis 60°C npeacTaBiaeHo Ha puc. 2.
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Puc. 2. TpuBanicTh CyIIIHHS KOJIOIJHUX KaIUIIPHO-MIOPUCTUX MaTepiaiiB IpH

TemriepaTypi Tersionocisa 60°C Ta mBUIKOCTI CYIIIHHS 3 M/C:
1,2 — xpuBIi cylIiHHS TapOy3a Ta KapTOILIi;

1°,2° — TemnepaTypHi KpuBI CyIIiHHS rapOy3a Ta KapTOILIIL.
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Puc. 3. llIBuakicTh CylIiHHS KOJOiTHUX KaMUISPHO-TIOPUCTUX

80

npu Temneparypi termtoHocist 60°C Ta mBUAKOCTI CYIITHHS 3 M/C :

1,2 — xpuBi cymriHHS rapOy3a Ta KapTOILII.
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TpuBanicts cyurinHsa rapOy3a Ta KapToIUll Ipu Temrneparypi TemioHocis 60°C
0 KiHieBoi Bojorocti 8% cknamaioTh 420 XB MpU KIHIEBIA TeMmIeparypi
Mmatepiary 58,2 — 58,5°C.

3 KpUBHUX IIBHJKOCTEW CYIIIHHS BHUJHO, LIO Marepiajl MpOrpiBa€EThCs MpU
cymiaHi rapoy3a mo 38% i3 MakcumanbHOO MmBHAKICTIO 0,32% 3 HACTymHUM
3HIDKCHHSIM IIBUAKOCTI cymriHHA. [lim 9ac CymriHHA KapTOIULSL TPOTPIBAETHCS
MBHUIIE 10 Bojorocti 52% 13 MakcumaibHOIO MBHAKICTIO 0,24%, Tm0TIM
MIBUIKICTh CYTTEBO HE 3MIHIOETBCS JO BojorocTi 24%, a micms Ioro Hie
3HM)KCHHS IIBUIKOCTI CYIITIHHS.

Buxoasun 3 KpuBHX MIBHAKOCTI CYHIIIHHS KapTomUli Ta rapOy3a MOKHa
3a3HAYMTH, [0 MPOTPIBAHHS MaTepiady Ma€ IOBTY TPUBAJICTh, 1[0 HA HAIIY AYMKY
MOB’SI3aHO 13 PEUPKYJIALIEI0 TEIUIOHOCIS B CYIIMIIBbHIN Kamepi.

EnepreTruHi MOKa3HUKHU BiIHECEH] IO 3arajIbHOTO Yacy CYIIiHHS MOKa3yloTh,
mo 30UTbIIeHHsT 4Yacy mpoBeneHHsa gochiny Big 300 mo 420 xB 30UIBIIYIOTH

eHepreTuyH1 BUTpaTH (puc. 4).

5745

6000

3azanoni sumpamu menaomi, KAHC/Ke 61N.6071021

0 60 120 180 240 300 360

TpHBATICTE CYIIIHHA, XB

Puc. 4. EnepreTnuHi BUTpaTH BiJ] 3arajIbHOTO Yacy CYIIIHHS
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3aranpHl EHEpPreTUYHI BHUTpPATH BiJI TPHUBAJIOCTI CYIIIHHSA KOJOIIHUX
KanuisipHo-niopucTux MarepiamiB 420 XB ckianarTh 5745 x/K/Kr BumapeHoi
BOJIOTH.

Koedimient xkopucHoi 11i TyHEIBHOI YCTAaHOBKM IIiJI 4Yac CYIIIHHS
TEepMOJIaOITFHUX MaTepialiiB CTaHOBUTH 52,4%.

BucnoBku. E(QexTHBHICTP TyHENBHOI CyIIapKH MpPU CYIIIHHI KOJIOITHUX
KamuIIpHO-TIOPUCTUX ~ MaTepialiB MarepialiB 3a0e3MeuyeThCs 3a PaxyHOK
BCTAHOBJICHHSI €HEProe()eKTUBHUX HArpiBaJbHUX €JIEMEHTIB.

3aranpHl €HEpreTUYHI BTPATH Ha Tpoliec cyurinusg 5745 kJ>k/Kr BUIL. BOJIOTH,

koedimienT kopucHoi aii 52,4%.
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YCTAHOBKA BUPOGHUITBA AJIKWJI-BEH3HUHY 3 PO3POBKOIO
PEAKTOPA-AJIKIVIATOPA TA TEIIVIOOBMIHHHUKA
student Ihor Chernuh, associate professor, Ph.D. Andrii Stepaniuk

National Technical University of Ukraine
"Ihor Sikorsky Kyiv Polytechnic Institute"

ANNOTATION: The technological scheme of the production of alkyl
gasoline is described. Ways to modernize the alkylator reactor and heat exchanger
are given.

KEYWORDS: PRODUCTION, ALKYL GASOLINE, ALKYLATOR
REACTOR, HEAT EXCHANGER.

YCTAHOBKA BUPOBHUILTBA AJIKHWJI-BEH3UHY 3 PO3POBKOIO
PEAKTOPA-AJIKHJIATOPA TA TEIIVIOOBMIHHUKA
ctyaeHt Yepnum I. C., noi., k.T.H. Ctenaniok A. P.

HaunionanbHuUil TeXHiYHUI YHiBepcUTET Y KpaiHu

«KuiBcbKuil nmosiTtexHivHui iHcTuTyT iMeHi Irops Cikopebkoro»

AHOTAIISA: Onucano mexnonociuny cxemy 8upooHuymea 8upooOHuymea
ankun-oensuny. Haeedeno winaxu modepuizayii peaxmopa-ankuiamopa ma
Menio00MIHHUKA.

KJIIOYOBI CJIOBA: BUPOBHUIITBO, AJIKWI-BEH3UH,
PEAKTOP-AJIKIVIATOP, TEIINTIOOBMIHHHUK

Alkylate — (alkylbenzene) a mixture of saturated hydrocarbons (mainly
isooctane and trimethylpentanes) with a boiling point of 40-180 °C.; a liquid with a
density of 698...715 kg/m? and an octane number of at least 90. It is obtained by
alkylating isobutane with technical butylenes. They are used in industry for the

production of high-octane automobile gasoline [1].
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The earliest industrial processes of isomerization were intended to increase
the resources of isobutane, the raw material for the production of alkylate, which is
a high-octane component of aviation gasoline. The first industrial installations of
this type began to be built during World War Il. The raw material is n-butane,
which is released from the gases of oil refining. The n-butane isomerization
process was of particular interest for those plants that did not have catalytic
cracking units (catalytic cracking gas is rich in isobutane). The isomerization
catalyst was aluminum chloride activated by NS, which was used at a mild
temperature regime (90 - 120 ° C) and increased pressure in the reaction zone.

Currently, some foreign plants have n-butane isomerization units (for
example, the butamer process) in order to increase raw material resources for
obtaining alkylate, but they have limited distribution. A platinum-based catalyst is
usually used there. The process takes place at 150-205°C, pressure 1.5-3.0 MPa,
and volume velocity 3-5 h on liquid raw materials with hydrogen circulation. In the
standard processing process, a catalytic system of alkylation (hydrochloric or
hydrofluoric acid) under the action of lower olefins (mainly consisting of
propylene and butenes) and isobutane together form an alkylate (mainly higher
octane, side chain of alkanes) [1].

The leader in the production of alkyl gasoline is the USA (more than 40
million tons/year). In other countries, less than 1 million t/year of alkyl gasoline is
produced, which is explained by the lack of resources of the butane-butylene
fraction, which is obtained in the process of catalytic cracking [1].

In the first half of the 20th century, cracking and reforming were used to
increase the octane number, which convert linear chains of normal alkanes — the
main component of straight-run gasoline — into branched alkanes and aromatic
compounds, respectively [1].

The main methods of production of alkylates [2]:
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- sulfuric acid alkylation - production of high-octane components of gasoline
by catalytic alkylation of isobutane, butylene and propylene in the presence of
sulfuric acid,;

- hydrogen fluoride alkylation - obtaining high-octane paraffinic
hydrocarbons with a highly branched structure by alkylating isobutane with
secondary hydrogen acid (olefins). Consider sulfuric acid alkylation.

The raw material is fed to the raw material preparation unit 1 and then fed to
the alkylation contactor. From the alkylation contactor, the mixture is fed into the
acid sump 3 (Figure 1). In a mixture with fresh acid, it is fed back to the alkylation
contactor 2. Next, the gaseous fraction is compressed in the compressor 5 and fed
into the collector 6, from which the gas condensate is fed to the butane column 7,
from the upper part of which n-butane is taken. The cubic residues are returned to
the separator 4. The liquid fraction from the separator 4 through the unit for
purifying ethers from sulfuric acid 10 is fed to the rectification column 8. The gas
fraction (butane-butylene) is returned to the alkylator 2, and n-butane is taken from
the middle of the column.

The cubic residues are fed to column 9, from the top of which a light
alkylate is selected. Acid-hydrocarbon ratio (1.1...1.5) to 1. Acid concentration

from 88 to 99.5%. The capacity of the installation is 200-250 thousand tons per
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year in terms of raw materials

W
LT

[2] ) Lriry

1 — block of preparation of raw materials; 2 — alkylation contactor; 3 —

acid sump; 4 — separator; 5 — compressor; 6 — container for gas condensate;
7,8,9 — rectification columns; 10 — a unit for cleaning alkyl products from
sulfuric acid esters; | — raw material; Il — fresh acid; III — spent acid per block

regeneration; IV — light alkylate; V — heavy alkylate; VI — isobutane; VII

n-butane; VIII — propane.

Figure 1 — Installation of sulfuric acid alkylation

To facilitate calculations, the most significant operational quality indicators
and the most massive (that is, high-tonnage), so-called basic fuel components are
usually chosen. For high-octane gasoline, detonation resistance and evaporation are
considered to be the most significant quality indicators, and the basic components
are gasoline fractions of multi-tonnage processes of direct distillation, catalytic
reforming, catalytic cracking, hydrocracking, and less often thermodestructive
processes. To improve certain characteristics of a mixture of gasoline components,
high-octane additive components, such as alkylates, are used [1].

Benefits. Increased efficiency of production of alkylate fractions due to

modernization of the alkylator reactor and heat exchanger. Sulfuric acid is
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essentially non-volatile, and therefore sulfuric acid alkylation is a safer way to
produce the alkylate.

Disadvantages. Acid cannot be purified by distillation. More precisely, the
"spent” acid, as a rule, must be transported in a railway car for remote processing.
Thus, there is a high cost associated with off-site regeneration

The alkylation reaction takes place under the condition that the strength of
the acid is high enough to catalyze the interaction of isobutane with olefins, the
effectiveness of the acid decreases when its strength decreases below a certain
level caused by the accumulation of ASO and H20 - usually about 88%-90%.
Thus, the economics of SA alkylation depend on a precise understanding of the

point at which SA becomes too weak and must be removed from the operation.
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IacTuTyT TexHiYHOI Tennopizukn HanionanabHoi akagemii Hayk YKpainu

Anomauia. Haseoeni nanusni xapaxmepucmuku O0esaxkux 6uoie biomacu ma
MICLKUX MBepoux 8i0xXo0i6 ma NOKA3AHA MONCIUBICMb IX BUKOPUCAHHS 8 AKOCHII
AlbMEPHAMUBHO20 NATUBA.
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USE OF BIOMASS AND URBAN SOLID WASTE AS ALTERNATIVE
FUELS
Ph.D. Chmel V., Novikova I.
Institute of Engineering Thermophysics of NAS of Ukraine

Abstract. The fuel characteristics of some types of biomasses and urban
solid waste are presented and the possibility of their use as an alternative fuel is
shown.

Key words: biomass, municipal solid waste, combustion, spontaneous

combustion.

As an alternative fuel to traditional coal, oil and natural gas, which are the
main components of the country's fuel and energy balance, biomass can be used,
which, as is known, belongs to non-traditional sources of energy and is the fourth
most common fuel, as well as municipal solid waste. which consist of human
waste products [1-3].

Biomass waste that allows obtaining the largest amount of thermal energy is

known: wood waste and waste from agriculture and its product processing
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enterprises, such as straw of various crops, sunflower husks, grain husks, stem
mass, etc.

The main component of the organic mass of wood is carbon and oxygen
(Table 1) [4]. A large amount of the latter leads to the fact that the higher heat of
combustion of the combustible mass does not exceed 4800 kcal/kg, and the lower

heat of the working mass is much less than 3000 kcal/kg.

Table 1. Elemental composition of the organic mass of wood

Volatile

0 0 9 9
C,% H,% 0,% N, % substances,%

50.8 6.2 42.0 1.0 86.0

The composition of organic mass depends little on the species of trees. Its
thermal decomposition begins at a temperature of about 160°C [5], which ensures
a relatively low auto-ignition temperature, as well as, due to the high content of
volatiles - up to 86%, long-lasting flame.

Table 2 shows the technical analysis of some solid wastes performed at the
Institute of Engineering Thermophysics of NAS of Ukraine (IETP of NAS of
Ukraine): litter + straw, litter + sunflower husks, dry granular product, peat, flax

fire, sunflower husk pellets, wood pellets, straw (wheat), sunflower husks.

Table 2. Technical analysis of agro-industrial waste.

Name Moisture, Ashiness, Volatile Q"4, keal/kg
W % A% substances,
V¢ %

Litter + straw 12.21 23.39 55.36 3250
Litter + sunflower husks 17.64 35.54 40.42 3400
Dry granular product 6.97 6.30 58.95 4500
Peat 9.45 24.57 49.76 3450
Bonfire lion 6.81 2.45 71.41 -
Pellets from sunflower husks 7.63 2.96 69.89 4038
Wood pellets 6.62 0.214 79.58 4060
Straw (wheat) 8.095 4.37 69.22 3415
Sunflower husks 9.01 2.91 68.77 3960
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All of the listed solid wastes of organic origin are biomass, and, as indicated
earlier, have almost the same elemental composition, similar to the elemental
composition of wood.

As you can see, accordingly, they all have a large number of volatiles -
almost 70-80% and a low ash content, which is characteristic of wood, as well as a
heat of combustion equal to 3500 - 4500 kcal/kg. An exception to the listed
agricultural waste is peat - an organic mass with a low degree of metamorphism,
and dung + straw, dung + sunflower husks, which have a large number of mineral
particles introduced from the outside: peat - soil, others - by adding dung.

A large number of mineral particles leads to an increase in ash content, a
decrease in the number of volatiles and, accordingly, a decrease in the heat of
combustion.

Urban waste is heterogeneous in its composition, therefore it is advisable to
use household waste, mainly garbage, as fuel. Which consists of substances of

plant and animal origin (Table 3) [1,6]: this is paper, cardboard, leftover food,

shoes, etc.
Table 3. Garbage and its composition
Household waste C, % H, % 0, % N, % S, % Ash, %
Newspaper 49.14 6.16 43.03 0.05 0.16 1.52
Thick wrapping paper 44.9 6.08 47.34 0 0.11 1.07
Magazines 32.91 4.95 38.55 0.07 0.09 23.43
Cardboard 43.73 5.7 44.93 0.09 0.21 5.34
Postal waste 37.87 5.41 42.74 0.17 0.09 13.72
Plant food waste 49.06 6.62 37.55 1.68 0.2 4.89
Residues of meat processing 59.59 9.47 24.65 1.02 0.19 5.08
Leather shoes 42.01 5.32 22.83 5.98 1.0 22.86
Rubber cable and soles 53.22 7.09 7.76 0.5 1.34 30.09
Garbage from dust 35.69 4.73 20.08 6.26 1.15 32.09

As can be seen, the main component of the organic mass of garbage, like all
biomass, is carbon and oxygen, which quantitatively almost correspond to the
composition of the organic mass of wood. The presence of sulfur and a higher
content of mineral particles (ash) in some wastes, which is caused by their artificial

origin during technological production processes, is excellent.
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Garbage contains materials that can be used as raw materials for the
production of useful products and energy, so it is sorted and raw materials are
selected: metal, paper, and others. Unsorted waste residues can be used as fuel to
obtain thermal energy.

When using biomass and solid urban waste as fuel, taking into account its
fuel
characteristics, it is necessary to apply new fuel burning technologies.

The IETP of NAS of Ukraine has created a two-stage layer-flare method of
burning finely fractionated solid fuel: combustion in a direct-flow layer and
afterburning of the gas phase and carry-out - finely dispersed particles of fuel and
coke residue, which have a self-ignition temperature, in the flow of jets of the
oxidizer - air in the self-ignition mode.

Its use, as shown by experiments conducted at the IETP of NAS of Ukraine,

made it possible to burn polyfractionated solid fuel effectively.

Fig. 1. Direct-flow (clamped) layer burner Fig. 2. The burner device is a vortex two-
device with a two-stage fuel combustion stage burner device

process
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A two-stage combustion process was created for the burning of solid fuel -
small-fraction biomass and liquid fuel in the vortical flows of the oxidizer in the
self-ignition mode, which also allowed for efficient burning
fuel.

On their basis, highly forced burner devices were built: a direct-flow
(clamped) layer with a two-stage fuel combustion process (Fig. 1) and a vortex two-
stage burner device (Fig. 2).

Conclusions. The fuel characteristics of biomass and urban solid waste, their
burning methods and the burner devices built on their basis allow them to be used as

fuel in municipal energy.
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AHoTanisi: B ganiii poOOTI pO3Ka3aHO NPO KOPHUCTh 1 BUKOPHCTAHHS
XJjaopuagy 6api}o 1 3arajabHui MCTOA BHI'OTOBJICHHA PCYOBUHH. Ommcano Ta
HABEJICHO TEXHOJOT1yHy cxemy. Po3i0paHo pojib 3BOPOTHOTO OCMOCY B JIaHii
CXeMl 1 MOSICHEHO JOILUIBHICTh ii BAOCKOHAJeHHsA. OmucaHl Ta IpoaHaIi30BaHi
pe3ynbTaTH, sIKl OTPUMaHI il YaC BUKOHAHHS IOCITI/IIB.

KurouoBi cioBa: Xmopua 6apiif, 3BOPOTHIIT 0OCMOC, OTpyTa, TEXHOJIOTIYHA
CXeMa, BUIIApHUU arapar.

Abstarct: This paper discusses the benefits and uses of barium chloride and
the general method of manufacturing the substance. The technological scheme is
described and given. The role of reverse osmosis in this scheme is analyzed and the
expediency of its improvement is explained. The results obtained during the
researchers performance are described and analyzed.

Key words: Barium chloride, reverse osmosis, poison, technological

scheme, evaporator.

Barium chloride is a solid chemical compound having the formula BaCl, (if
in powdered, or anhydrous, form) or BaCl 2 «2H 2 O (if in crystalline form)[1]. It
has high solubility which increased with temperature increasing. During the
heating above 133°C the Barium Chloride loss the crystalline water and transform
into white powder. The anhydrous BaCl, has the density 3.86 g/cm” and melt under
962°C [2].
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The Barium Chloride has the wide range of industrial applications. It is most
often used in agriculture as poison fir the pests. In chemical industry it is used in
the production of the reactive preparates, dyes and pigments. In metallurgy it is
used for thermal treatment of products namely for hardening of the high-speed
steel. Crystalline barium chloride (BaCl,-2H,O) is used primarily as an
intermediate in the production of molecular catalyst sieves, which in turn are used
in oil refinery complexes to separate out industrially useful paraxylene molecules
from other mixed xylenes [1].

For the Barium Chloride obtaining the Chlorine-Calcium technique is most
widely used. The technological scheme of this technique includes the concentration
stage with using of the vacuum evaporators [3]. This leads to high energy
requirement which is significant disadvantage [4]. With aim to decrease the
operative costs the possibility of the reverse osmosis was considered since this
technique has much lower energy consumption.

In current work the set of experiments was carried out for evaluate of the
effectivity the separation of the Barium Chloride solution by reverse osmosis. The

results are represented on the figures 1 and 2.
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Figure 1. — The transmembrane flux vs. applied pressure
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Figure 2. — The rejection rate vs applied pressure

The experiments were carried out for the range of the applied pressure from
0.2 to 0.6 MPa and in the range concertation from 100 mg/l to 600 mg/I. It can be
seen from the figure 2, that the rejection coefficients were 0.9-0.95 for all cases.
These results suggest that reverse osmosis has the satisfied level of selectivity. The
transmembrane flux variated from 4 I/s to 14 I/s which correspond to the normal
values of the fluxes for these types of membranes. These results allows to conclude
that the reverse osmosis is suitable technique for Barium Chloride preconcentration
before the vacuum evaporators.
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ABSTRACT. The research was devoted to solving the optimization of
logistical problems in the organization of energy use of small-diameter wood - the
main factor of economic efficiency.
KEYWORDS: FORESTRY, ENERGY, FUEL WOOD CHIPS, LOGISTIC.

ONTUMIBALIS JOTICTUYHUX PIIIEHB ITPU OPTAHI3ALIIT
EHEPTETUYHOI'O BUKOPUCTAHHSA JEPEBUHHU MAJIOT'O
JITAMETPY — OCHOBHUM YMHHUK EKOHOMIYHOI
E®EKTUBHOCTI

K. T. H. bensena L.I1., XKykos K.JI., Kop6yt H.C., Cremiok B.T".,
1. T. H. Tumomenko A.B., llInmins6epr JLIO.
IncTuryT TexniyHol Temnogizuku HAH Ykpainu

AHOTAIIIA.  [lposedeno  0oCniodceHHsT  NPUCBAYEHI  BUPIULEHHIO
onmumizayii  J02ICMUYHUX  NpobieM  Hnpu  Op2aHizayii  eHepeemuiHO20
BUKOPUCMAHHA 0epesUHU Malo20 OlamMempy — OCHOBHO20 YUHHUKA EKOHOMIYHOI
echexmusHocmi.

KJIIO90BI CJIOBA: JIICIBHUIITBO, EHEPI'ETHUKA, ITAJIMBHA
TPICKA, JIOT'ICTUKA.

The purpose. The paper is devoted to solving logistical problems that hinder
the creation of a sustainable system of energy use of forestry waste in Ukraine.
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Results. It is these problems that are of key importance, at least at the initial
stage of cooperation between forestry and thermal power engineering.

The components of the solution to the specific problems include.

If wood fuel is produced in the form of dried fuel chips, its volume in
storage meters is ~ 20 times larger than the volume of coal (under the condition of
the same thermal energy potential, taking into account the calorific value and
density of both types of fuel). If you produce wood fuel in the form of pellets, this
ratio decreases to 7 times. However, the economic results of using pellets are
significantly worse than when using wood chips. This is explained by significant
expenditures on electricity and frequent replacement of fast-wearing units of
technological equipment used in the production of pellets.

Therefore, wood chips are the most economical wood fuel, and when using
it, the main components of costs are the storage and transportation of large
volumes of fuel resources, that is, logistics.

The components of the solution to the specified problem include:

- determination of heat generating facilities located within a radius of up to
10, 20 and 30 km and, accordingly, assigning them to 3 categories of economic
feasibility of cooperation; objects at a distance of more than 30 km are proposed
not to be considered for participation in the project;

- conducting an application campaign on the need for fuel chips from these
heat generating facilities quarterly during the calendar year;

- design and technical decisions on the organization of storage of fuel raw
materials on the territory of forestry enterprises should be based on the modular
principle, and the relevant modules should be explored on a real scale.

Such researches were carried out within the limits of departmental topics.
The expediency of using different alternative storage methods is explained as

follows:

171



36ipuuk Te3 qonosigeil XXI11 mixkHapoaHOT HAYKOBO-NIPAKTHYHOI KOH(pepeHIlii CTy1eHTiB,
acnmipaHTiB i MoJsioAnX BYeHUX “Pecypcoenepro3oepirarwo4i TexHoJorii Ta 00JaHaHHA”

- storage of solid wood in separate piles is possible, taking into account fire
safety requirements, only in areas of final felling, where there is free space and
requires the return of personnel (subsequently) to these areas for the removal of
wood. The advantages of this method include the absence of the need to allocate a
special area for storage.

- storage of wood in a whole form in elongated stacks in a specially
designated area is considered fireproof and quite promising. The disadvantages of
this method are additional operations for the formation of stacks.

Storage in crushed form is considered the most technologically advanced,
but also the most dangerous in terms of spontaneous combustion.

The received data and the offered recommendations concerning possibilities
of long-term storage of wood in the specified ways [1].

Conclusions.

All tested alternative methods of long-term storage and pre-drying of illiquid
wood should be considered suitable for practical use in forestries, and the
feasibility of using one or another method depends on the specific type of felling

(forest care, sanitary felling, main use).
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Abstract. The information on milk protein and its important role as a food
product is analyzed. The main equipment, problematic processes and line
operation are considered.

KmouoBi caoBa: DRYER, IMPROVEMENT, DRYING, FLOWING
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Anomauin. [lposedeno amaniz ingpopmayii cmoco8Ho MONOUHO20 OiIKa ma
1020 8AJICIUBA POJIb K NPOOYKM XaAp4y8aHHs. Po32enisiHymo ocHoeHe 001a0HAHHS,
npobaemui npoyecu ma pobomy JiiHii.

Kurwouogi cioBa: CASEIN, MILK PROTEIN, LINE, PRODUCTION.

Milk protein is the most important and complex structure-forming
component of mammalian milk [1]. It can be divided into two main groups: whey
protein, which has a high level of water solubility and casein, which is insoluble in
water.

Casein makes up approximately 80% of the protein in milk [2, 3]. Milk
casein, when included in the diet in the form of products such as cottage cheese
and hard cheese, performs structural functions in the body, being a source of

calcium, phosphorus, magnesium, a number of physiologically active peptides that
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regulate the digestive process (gastric secretion), in addition to lowering blood
pressure.

Whey protein is only 20% of milk proteins. It is characterized by the
presence of branched chain amino acids such as leucine, valine and isoleucine.
According to scientists, this type of protein can reduce blood pressure, stress
levels, and improve mood. In addition, this substance helps to increase muscle
mass. That is why whey protein is especially popular among bodybuilders and
athletes.

In industry, casein is produced in two main ways - by precipitation with
inorganic or organic acids or coagulation with rennet enzymes. The resulting
product, casein, is a protein concentrate. Fat, whey proteins, lactose and mineral
salts impair the quality of the final product and must be removed by washing.

All the above requirements are fulfilled in the diploma project of the
modernized line. The OKL-3 line, developed in the KPI in the nineties, was chosen
as an analogue. The departmental commission recommended the line for serial
production. Serial production of the line was carried out by the Dnepropetrovsk
Mechanical Plant.

OKL-3 line has proven itself well in production, but years, work,
replacement of components and changes in the market require modernization of the
line.

The main disadvantages of the analogue include the design of the holder and
stirrer. The main element of the holder is the chamber where the process of casein
deposition, formation of protein grains and their strengthening, is made of
polyethylene, which does not withstand sterilization temperatures above 100°C. In
addition, it is impossible to observe the structure of the moving suspension
visually.

An important role in the operation of the line is played by agitators, in which
salts of calcium, magnesium, phosphorus and other metals are washed out of
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casein by countercurrent. The design of the agitator should prevent gluing and
floating of casein grains. Other elements of the line with new components and
materials can work for the production of food casein.

On the precipitator quality line, whey can be used (lactic acid) and
hydrochloric acid.

During the operation of the modernized line the following processes:
preparation of working solutions; mixing of acids with skim milk; heating of the
mixture; protein precipitation; aging and strengthening of protein grains; whey
separation; countercurrent washing and fixation of protein grains with acidified
water; protein transfer at the stage of pressing and drying.

Design capacity of the dry casein line is 250 kg/h.
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ABSTRACT. The kinetic dependences of the process of convective drying of
ginger and galangal roots were established. Stage drying regimes have been
scientifically substantiated and developed. According to the developed modes, the
drying temperature in the first stage of the process is maintained equal to 60 °C,
and in the second stage - 45 °C. The established modes allow to reduce thermal
costs for drying. The established modes also provide the most complete
preservation of essential oils. The mathematical simulation of heat and mass
transfer, phase conversions, and shrinkage was proposed. The mathematical model
can be used to develop dehydration modes. The total duration of the drying
process by V. Krasnikov was calculated.

KEYWORDS: SPICY-AROMATIC RAW MATERIALS, GINGER,
GALANGAL, ESSENTIAL OILS, HEAT- AND MASSEXCHANGE,
CONVECTIVE DRYING, INTENSIFICATION, ENERGY SAVING.
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KOHBEKMUBHO20 CYUIIHHA KOpeHig imbupy ma kaneany. Hayxoeo obrpynmosano ma
PO3po06IeHO CMAOIUHI pedcuMu CYyWiHHs. Bionogiono 00 po3pobieHux pexcumis,
memnepamypa CYWIiHHA Ha nepwiiu cmadii npoyecy niompumyemvcsi Ha pieHi 60
°C, a Ha Opyeuii - 45 °C. BcmanoeaneHi pesxcumu 003801110Mb 3MEHWUMU MENI08]
sumMpamu Ha CyWinHsA ma 3ab6e3neuumu HauoOiIb NOBHE 30epedceHts NPUPOOHUX
KOMNOHEeHmMI8 BUXiOHO20 Mmamepiany, makxi sK e@ipHi onii. 3anpononosamo
MamemMamuyiy Mooeib MeNnioMAconepeHecetts, (aszoeux nepemeoperHsb ma
YCaoxu, sKa mMoaice 6ymu UKOPUCMAHA OJisl 6CMAHOGIEHHS PEHCUMIB 3HeB0OHEHHSL.
lIposedeno po3paxyHok 3aeanbHoi mpueanocmi npoyecy CYWIiHHA 8i0N08IOHO 00
memooy Kpacuikosa B.

KJIFIOYO0BI CJI0BA: TIPAHO-APOMATUYHA CHUPOBUWHA, IMBUP,
KAJITAH, E®IPHI OJII, TEIIJIOMACOOBEMIH, KOHBEKTHUBHE
CYIIIHHSA, IHTEHCU®IKALIA, EHEPT'O3EEPEXXEHHA.

The purpose of the work. The work is devoted to the establishment of
convective drying of spicy-aromatic plant materials in order to intensify the
process of dehydration and development of energy efficient regimes.

Tasks of work:

- establish the kinetic dependences of the drying process of spicy-aromatic
raw materials;

- substantiate energy-efficient dehydration modes;

- explore the dynamics of the drying process based on mathematical
modeling;

- calculate the moisture exchange of convective staging drying of raw
materials.

Objects, equipment and research methods. As an object, the roots of
ginger and galangal with the content of dry substances 11...13% and 9...12%
respectively are used.
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The study of the dependencies of the kinetics of convective drying of the
roots was carried out on an experimental drying stand with an automated system
for collecting and processing information. The error in temperature measurement
did not exceed £ 0.1 °C, and the masses are + 0.001 g [1].

The samples were cut into oval-shaped pieces with a thickness of h=3...4
mm and dried to residual humidity W°® = 6%.

Results:

Based on the results of theoretical and experimental studies, the following
results were obtained:

- the kinetic dependences of the process of convective drying of spicy-
aromatic raw materials were established. The nature of the resulting curves shows
that the removal of moisture with these parameters of the process takes place at a
descending speed during all dehydration;

- energy-efficient stages of dehydration of ginger and galangal roots have
been substantiated and developed. In accordance with the developed modes, the
temperature of the drying agent at the first stage of the process is maintained at 60
°C, and in the second - 45 °C. The use of the proposed modes allows you to reduce
thermal costs for drying;

- the values of the relative drying factors are calculated and the dependence
is given for calculating the duration of dehydration of ginger roots. Using the
resulting dependence can quantify the duration of the process in advance;

- a mathematical simulation of heat and mass transfer, phase conversions,
and shrinkage when drying colloidal capillary-porous bodies was used [2]. The
mathematical model allows establishing energy-efficient dehydration modes of

spicy-aromatic raw materials.
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V]IK 637.147.2
MILK PROTEIN AND EQUIPMENT FOR PRODUCTION

Ph.D., professor Marchevskyi V., master student Glibovets S.,

master student Shashkov V.
National Technical University of Ukraine
«lIgor Sikorsky Kyiv Polytechnic Institute»

Abstract. The information on milk protein and its important role as a food
product is analyzed. The main equipment, problematic processes and line
operation are considered.

KmouoBi caoBa: DRYER, IMPROVEMENT, DRYING, FLOWING

LAYER, CASEIN.
MOJIOYHHUM BLJIOK TA OBJIATHAHHSI J1JIsI BAPOGHUIITBA
K.T.H., Ipoecop MapueBcbkuii B.M., maricrpant [llamkos B.O., MaricTpanTka
I'mn6osens C.B.,
Haunionanbuuii Texniuauii YHiBepcuTeT YKpaiHu
«KuiBcbKui noJtiTexHivHui iIHcTUTYT iMeHi Irops Cikopcbkoro»

Anomauin. [lposedeno amaniz ingpopmayii cmoco8Ho MONOUHO20 OiIKa ma
1020 8AJICIUBA POJIb K NPOOYKM XaAp4y8aHHs. Po32enisiHymo ocHoeHe 001a0HAHHS,
npobaemui npoyecu ma pobomy JiiHii.

Kurwouogi cioBa: CASEIN, MILK PROTEIN, LINE, PRODUCTION.

Milk protein is the most important and complex structure-forming
component of mammalian milk [1]. It can be divided into two main groups: whey
protein, which has a high level of water solubility and casein, which is insoluble in
water.

Casein makes up approximately 80% of the protein in milk [2, 3]. Milk
casein, when included in the diet in the form of products such as cottage cheese
and hard cheese, performs structural functions in the body, being a source of

calcium, phosphorus, magnesium, a number of physiologically active peptides that
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regulate the digestive process (gastric secretion), in addition to lowering blood
pressure.

Whey protein is only 20% of milk proteins. It is characterized by the
presence of branched chain amino acids such as leucine, valine and isoleucine.
According to scientists, this type of protein can reduce blood pressure, stress
levels, and improve mood. In addition, this substance helps to increase muscle
mass. That is why whey protein is especially popular among bodybuilders and
athletes.

In industry, casein is produced in two main ways - by precipitation with
inorganic or organic acids or coagulation with rennet enzymes. The resulting
product, casein, is a protein concentrate. Fat, whey proteins, lactose and mineral
salts impair the quality of the final product and must be removed by washing.

All the above requirements are fulfilled in the diploma project of the
modernized line. The OKL-3 line, developed in the KPI in the nineties, was chosen
as an analogue. The departmental commission recommended the line for serial
production. Serial production of the line was carried out by the Dnepropetrovsk
Mechanical Plant.

OKL-3 line has proven itself well in production, but years, work,
replacement of components and changes in the market require modernization of the
line.

The main disadvantages of the analogue include the design of the holder and
stirrer. The main element of the holder is the chamber where the process of casein
deposition, formation of protein grains and their strengthening, is made of
polyethylene, which does not withstand sterilization temperatures above 100°C. In
addition, it is impossible to observe the structure of the moving suspension
visually.

An important role in the operation of the line is played by agitators, in which
salts of calcium, magnesium, phosphorus and other metals are washed out of
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casein by countercurrent. The design of the agitator should prevent gluing and
floating of casein grains. Other elements of the line with new components and
materials can work for the production of food casein.

On the precipitator quality line, whey can be used (lactic acid) and
hydrochloric acid.

During the operation of the modernized line the following processes:
preparation of working solutions; mixing of acids with skim milk; heating of the
mixture; protein precipitation; aging and strengthening of protein grains; whey
separation; countercurrent washing and fixation of protein grains with acidified
water; protein transfer at the stage of pressing and drying.

Design capacity of the dry casein line is 250 kg/h.
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PHYSICAL MODEL OF ZEOLITE DRYING PROCESS BY
COMBINED RADIATION-CONVECTIVE FILTRATION METHOD
PhD student Kushniruk V.M., assistant professor Novokhat O. A.
National Technical University of Ukraine

“Igor Sikorsky Kyiv Polytechnic Institute”

Abstract: A physical model of the zeolite drying process by a combined
radiation-convective filtration method is proposed. Radiation-convective filtration
drying of zeolite is described. The influence of heat flows on the zeolite particles
in the layer and methods of removing moisture from the zeolite are shown.

KEY WORDS: ZEOLITE, INFRARED RADIATION, RADIATION-
CONVECTIVE DRYING, FILTER DRYING.

®I3UYHA MOJIEJIb ITPOLIECY CYIITHHSA HEOJITY
KOMBIHOBAHUM PATIAIIIMHO-KOHBEKTUBHUM
®LIbTPAIIMHAM CHOCOBOM

acipanT Kymnipyk B. M., nouent HoBoxar O. A.

HaunionanbHuUil TeXHiYHUI YHiBepcUTET Y KpaiHu

«KuiBcbKui noJtiTexHivHui iIHcTUTYT iMeHi Irops Cikopcbkoro»

AHoTanisi: 3anpornoHoBaHO (Pi3UYHY MOJIETh MPOLECY CYIIIHHS IEOJITY
KOMOIHOBaHMM pajiallifHO-KOHBEKTUBHUM (DUIbTpaliiHUM criocoOoMm. OmnucaHo
pagianiiHO-KOHBEKTHBHE (UIbTpalliiHe CymiHHS 1eoiTy. [loka3aHo BILTUB
TEIJIOBUX MOTOKIB HA YaCTUHKH IICOJITY B IIapi Ta CNOCOOM BUIAJICHHS BOJIOTH 3
HEOJITY.
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Drying of wet zeolite, in which the heat required to evaporate the liquid
and heat the zeolite is transmitted mainly by radiant energy, is called radiation
drying or infrared drying (IR).

Drying by thermal radiation is accompanied by drying by a stream of
heated gaseous coolant. In this case, radiation-convective drying takes place [1].

One of the parameters affecting the intensity of the drying process is the
increase in the area of contact between heat carriers and the material. In radiation-
convective drying, infrared radiation enters the upper surface of the material. Also,
for the most part, only this surface is blown with a hot gaseous coolant. To
increase the area of heat exchange and maintain the driving force of heat exchange,
it is advisable to mix the material to be dried and/or blow a stream of heated
gaseous coolant through it. That is, to introduce the filtering component of drying.

In order to effectively implement the radiation-convective drying process
in the drying equipment and to choose energy-saving process modes, it is
necessary to experimentally and theoretically investigate the phenomena that occur
during the removal of moisture from zeolite, study the kinetics of moisture
removal, and develop a model for the mathematical description of the process.

Creating a physical model of the zeolite drying process is necessary in
order to be able to describe and mathematically analyze the effect of physical
phenomena on zeolite particles.

The object of research is zeolite. The kinetics of dehydration depends
significantly on the thickness of the material. To simplify the modeling, it is
proposed to consider the zeolite particles as spherical. In the study, it is planned to
study the kinetics of dehydration of zeolite particles in the form of a sphere, taking
into account the shape factor, since zeolite crystals have the shape of a tetrahedron.
Another assumption can be the statement that zeolite particles form a layer of

continuous material with constant porosity.
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According to the first approximation of the physical model, the particles of
fine-grained zeolite, which are about 1-3 mm in size, are located on an infinite
plane. The plane has a solid surface and is chemically inert to the material. Each
particle of the upper layer is affected by infrared radiation (IR), which is absorbed
by it. Part of the IR passes through the upper layers through (requires
confirmation) and is absorbed by the lower layers.

The physical model of the zeolite drying process is presented in Figure 1.

infrared radiation

Heal flow from heal fransfer

Ir, that passed Hrough

Heal with generaled steam

} }\ Filtration component

Qir. — heat introduced by an infrared emitter; qw., — heat from hot air;

))

Heal fransfer

Woov. — Speed of hot air.

Figure 1 — Physical model of the zeolite drying process
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Heat is transferred between particles at the point of contact by thermal conduction.
Heat loss occurs from surfaces by heat transfer and is carried by convection into
the environment. Evaporation occurs from surfaces into the environment from
above. When a hot gaseous coolant is supplied from below in the space between
the parts, heat is transferred by heat transfer. In addition, thanks to the shaking of
the particles, they have the ability to scroll around their axis and change the heat
exchange surface.

Therefore, heat is removed from the upper surface by heat transfer
according to the Newton-Richmann law. Evaporation of moisture occurs in the
surface layers. Moisture diffuses from the inner layers to the surface of the
material.
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IHcTuTyT TexHivHOI Tentopiznkn HanionanbHoI akaemil Hayk Y KpaiHu

Anomauia. Y pobomi Hasedena KiHemuKka CYWIHHA MepMOIAOLIbHOL
KOMNO3UYIUHOT CYMIWUI HA OCHOBI MYJI0BUX BIOKIAOeHb ma mopghy y pi3Hux
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STUDY OF THE DRYING KINETICS OF THERMOLABILE
COMPOSITE MIXTURE
Academician of the Ukrainian Academy of Sciences, Doctor of Technical Sciences
Petrova Zh., graduate student Novikova Yu., graduate student Petrov A.

Institute of Engineering Thermophysics of NAS of Ukraine

Abstract. The work presents the drying kinetics of a thermolabile composite
mixture based on sludge and peat in different proportions.

Key words: peat, sludge, drying.

Preparation of raw materials, creation of compositions and granulation from
aged sludge deposits, peat and biomass covered in our previous publications [1].

The study of the kinetics of biogranules drying on an experimental
convective stand, with an automatic information collection system, after

granulation on a hydraulic press carried out [2].
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In fig. 1 presents the results of the study of the drying kinetics of composite
granules based on sludge and peat in different ratios at a temperature of 120°C.

As can be seen from Fig. 1. the study of the influence of the composition of
the compositions showed that the shortest duration of drying of biogranules in the
composition of 50% sludge +50% peat (curve 3). An increase in the ratio of sludge
deposits leads to an increase in the duration of drying of biogranules (curve 1), but
a decrease in the ratio of sludge deposits does not always reduce the duration of
drying (curve 2). The duration of drying biogranules in different proportions is

between 17 and 20 minutes.
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Fig. 1. Change in moisture content (1, 2, 3) and temperature inside the granules (1,
2', 3") depending on the proportion of slurry composition over time.
Mode parameters t = 120°C, V =2 m/s, d = 6 mm:
1, 1"—"70% sludge / 30% peat; 2, 2 ' — 30% sludge / 70% peat;
3, 3'—50% sludge / 50% peat
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The drying pattern of granules from the 70% sludge +30% peat composition
is different compared to the others (curve 4), there is a slow heating up to 12 min,
after which a sharp heating up to the final temperature observed. The strongest
granules after drying in the proportion of 50% sludge + 50% peat and the shortest
drying time.

Studies have shown that the drying process of the composition in the ratio of

50% sludge + 50% peat is best, they have the shortest duration and the best quality.
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AHoTanisi: B pganHiii poOOTI po3Ka3aHO MHPO KOPUCTh 1 BHUKOPHUCTAHHS
XJjaopuagy 6api}o 1 3arajabHui MCTOA BHI'OTOBJICHHA PCYOBUHH. Ommcano Ta
HABEJICHO TEXHOJOT1yHy cxemy. Po3i0paHo pojib 3BOPOTHOTO OCMOCY B JIaHii
CXeMl 1 TMOSICHEHO JOIUIBHICTh 11 BAOCKOHaNeHHs. OmucaHi Ta IMpoaHaIi30BaH1
pe3ynbTaTH, sIKl OTPUMAHI 1M1/l YaC BUKOHAHHS JTOCJIIIIB.

KurouoBi cioBa: Xmopua 6apiif, 3BOPOTHIIT 0OCMOC, OTpyTa, TEXHOJIOTIYHA
CXeMa, BUIIApHUU arapar.

Abstarct: This paper discusses the benefits and uses of barium chloride and
the general method of manufacturing the substance. The technological scheme is
described and given. The role of reverse osmosis in this scheme is analyzed and the
expediency of its improvement is explained. The results obtained during the
researchers performance are described and analyzed.

Key words: Barium chloride, reverse osmosis, poison, technological

scheme, evaporator.

Barium chloride is a solid chemical compound having the formula BaCl, (if
in powdered, or anhydrous, form) or BaCl 2 «2H 2 O (if in crystalline form)[1]. It
has high solubility which increased with temperature increasing. During the
heating above 133°C the Barium Chloride loss the crystalline water and transform
into white powder. The anhydrous BaCl, has the density 3.86 g/cm” and melt under
962°C [2].
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The Barium Chloride has the wide range of industrial applications. It is most
often used in agriculture as poison fir the pests. In chemical industry it is used in
the production of the reactive preparates, dyes and pigments. In metallurgy it is
used for thermal treatment of products namely for hardening of the high-speed
steel. Crystalline barium chloride (BaCl,-2H,O) is used primarily as an
intermediate in the production of molecular catalyst sieves, which in turn are used
in oil refinery complexes to separate out industrially useful paraxylene molecules
from other mixed xylenes [1].

For the Barium Chloride obtaining the Chlorine-Calcium technique is most
widely used. The technological scheme of this technique includes the concentration
stage with using of the vacuum evaporators [3]. This leads to high energy
requirement which is significant disadvantage [4]. With aim to decrease the
operative costs the possibility of the reverse osmosis was considered since this
technique has much lower energy consumption.

In current work the set of experiments was carried out for evaluate of the
effectivity the separation of the Barium Chloride solution by reverse osmosis. The

results are represented on the figures 1 and 2.
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Figure 1. — The transmembrane flux vs. applied pressure
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Figure 2. — The rejection rate vs applied pressure

The experiments were carried out for the range of the applied pressure from
0.2 to 0.6 MPa and in the range concertation from 100 mg/l to 600 mg/I. It can be
seen from the figure 2, that the rejection coefficients were 0.9-0.95 for all cases.
These results suggest that reverse osmosis has the satisfied level of selectivity. The
transmembrane flux variated from 4 I/s to 14 I/s which correspond to the normal
values of the fluxes for these types of membranes. These results allows to conclude
that the reverse osmosis is suitable technique for Barium Chloride preconcentration
before the vacuum evaporators.
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Abstract: The description of the experimental set-up foe the determination
of the concentration layer resistance is represented. The advantages of the
measurements method used in the removed set-up are analyzed.
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MOJEPHI3ALISA EKCIIEPUMEHTAJBHOI YCTAHOBKH JJ151
BU3HAUYEHHS OIIOPY IIAPY KOHIEHTPAIIMHOI
MOJIAPU3AIIIAHII ITPY 3BOPOTHOMY
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Anomayia: HaBeneHo omuc  MOJEPHI30BAHOI  €KCIEPUMEHTAIBHOI
YCTaHOBKM Il BU3HAYEHHS OINOpPY IIapy KOHIIEHTpAIHOI moysgpu3anii Ta
MPOAHAI30BaHO IE€peBaru METO/AIB BHUMIPIOBAHHS, $IKI BHUKOPHUCTOBYIOTHCA B
OHOBJICHIN YCTaHOBITI.
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Concentration polarization is one of the most important factors hindering the
development and application of baromembrane processes. As a result of this
phenomenon, fouling can form on the membrane surface, which makes additional
resistance to mass transfer. Also, the resistance to mass transfer is caused by the
concentration polarization layer itself, moreover, reliable dependences for
determining the resistance of the concentration polarization layer have not yet been
defined [1].

In previous works [2, 3], a technique for experimental determination of the
resistance of the concentration polarization layer during the separation of mineral
salt solutions by reverse osmosis was developed, and an experimental setup was
developed, the general view of which is shown in Figure 1. The methodology
involved the measurement of permeate and retentate flow rates, as well as

concentrations in the separated solution, permeate and retentate.
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Figure 1. — Existing experimental setup

At the same time, the concentration was measured by a portable TDS meter,
and the volumetric method was used to measure the flow rate (fixing the volume
that was collected for a certain period of time). As a result, the determination of
each experimental value required considerable time, as well as significant
consumption of the studied solutions. Therefore, the modernization of such an
installation is expedient.

The modernization was aimed at increasing the productivity of the
experiments.

For this purpose, it was decided to use rotameters to measure flow rates and
flow TDS meters to measure concentrations. The general view of the modernized

experimental setup is shown in Figure 2.
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Figure 2 — Setup after modernization

The proposed modernization allows to measure instantaneous concentration
values in the separated solution, permeate and retentate, as well as permeate and
retentate flow rates. Therefore, more experimental data can be obtained with the
same amount of separated solution and less time using the modernized unit. Thus,
it will increase the productivity of experimental research.
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Anomayia. MeTol0 1aHOi  JOCHIJIHUIIBKOT POOOTHM €  BHUBYCHHS
0COOJIMBOCTEM PO3pOOJICHHSI TaKyBaJbHUX MaTepialliB Ha OCHOBI Tamepy Jyis
Xap4oBOI MPOMHUCIIOBOCTI, IO € JOCUTH aKTYaJIbHUM.

Ili Te3m BiAKpUBaIOTH cepito 1HGOpMAaIlii, 10 HPUCBSYEHI MNpodIeMam
BUPOOHMIITBA Ta BUKOPUCTAaHHSA NAKyBaJbHUX MaTepiaiiB JUIsl  XapydyoBOl
MIPOMUCIIOBOCTI Ha OCHOBI mamepy. Ciij 3a3HAYMTH, 0 HEMA€E YHIBEPCAJIbLHOTO
MaKyBaJbHOTO MaTepiany. 3alieXKHO BiJI BUIY MPOAYKTY, SKUA HEOOXITHO
yIaKoOBYBaTH, OJHA 1 Ta > BJIACTUBICTh YIMAKOBKH MOXXE OYTH KOPHCHOKO Ta
IIK1JIMBOI0. B maHiit po0oTi, siKa € MepuidM 13 eTamiB MOITYKOBUX JIOCIIKCHb,
JAHO TIOIITOBX JUIA TPOBEIACHHS TMMOJAIBIINX JOCHIIKEHbh Ta BHKOHAHHS
EKCIIEPUMEHTIB, Ha 0a3i SKUX MOMJIMBO PO3pPOOMTH TaKyBajbHI MaTepiaiu Ha
OCHOBI mMamepy 3a pI3HUMU TOKa3HUKaMU, HEOOXITHUMH [JIsi YIaKyBaHHS
MPOJIYKITIi XapuoBO1 MPOMHUCIOBOCTI.

Knwuoei cnoea: nanip, naxysanvHuu mamepian, MeXaHiYHI NOKASHUKU
MIYHOCMI NAKY6AHHS

Summary. The purpose of this research work is to study the peculiarities of
the development of paper-based packaging materials for the food industry, which
IS quite relevant.

These theses open a series of information devoted to the problems of
production and use of paper-based packaging materials for the food industry. It
should be noted that there is no universal packaging material. Depending on the
type of product to be packaged, the same packaging property can be beneficial or
detrimental. In this work, which is the first of the stages of exploratory research, an
impetus was given for conducting further research and conducting experiments, on
the basis of which it is possible to develop packaging materials based on paper
according to various indicators necessary for packaging food industry products.

Key words: paper, packaging material, mechanical indicators of packaging
strength
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The purpose of this research work is to study Frpossibilities of developing
paper-based packaging materials for the food industry, which is quite relevant.

These theses open a series of information devoted to the problems of
production and use of paper-based packaging materials for the food industry. First
of all,it should be noted that Ukraine is a country with highly developed industries
such as food and processing.

At the same time, for more efficient functioning of the food industry,
rational consumption of raw materials, high-quality use of food products and
increasing their competitiveness not only on the domestic market, but also on the
foreign market, the creation of a modern packaging industry is necessary.

It should also be noted that the level of packaging consumption per capita
characterizes the standard of living in the country to some extent. Therefore, the
solution of many socio-economic problems related to the reduction of losses of
finished products, the reduction of labor costs for its production, the improvement
of the quality of goods and the increase in the volume of their sale, and the
improvement of the efficiency of transportation depend on the volume of its
production.

It should be noted that there is no universal packaging material. Depending
on the type of product to be packaged, the same packaging property can be
beneficial or detrimental. So, for example, the transparency of the packaging is
desirable in some cases for products that require a visual assessment of their
quality. But at the same time, it is undesirable for products sensitive to light,
especially in the ultraviolet range. Another example can be the gas permeability of
the packaging material. In many cases, it should be minimal, because the
penetration of oxygen causes spoilage of the product. At the same time, when
packing physiologically active products (fresh vegetables, fruits, berries), which
require a constant supply of oxygen and removal of carbon dioxide for their normal
operation,

Analyzing the domestic and foreign experience of using various types of
packaging materials, it should be noted that each of these materials has its own
specific use. The volumes of consumption of various types of packaging materials
are subject to constant fluctuations depending on many factors, the main of which
is the situation in the container market. Much depends on the economic and
ecological situation, sanitary and hygienic, barrier, strength and other consumer
properties of packaging materials [1,2].

Among the variety of packaging materials produced by different countries
of the world, paper-based packaging materials occupy a stable position and
maintain their share of the packaging market at the level of 40-50%.
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According to foreign experts, the share of paper-based packaging materials
in countries such as the USA, Germany and other Western European countries will
grow. Thus, Germany produces up to 5 million tons of paper packaging materials
annually. The growth rate of demand for these products is more than 2% per year.
The production of packaging types of paper and cardboard increases by 1.5% per
year, including food packaging by 0.9%, which amounts to 1.79 million tons.

Among European countries, France ranks first in the production of
packaging paper and produces about 41% of the products produced in European
countries. Among the Scandinavian countries, Sweden ranks first in the production
of packaging types of paper and cardboard, the volume of their production is more
than 1,700 thousand tons per year.

In the pulp and paper industry of Poland, the production of wrapping paper
and parchment will grow rapidly. In recent years, Hungary has expanded its
capacity for the production of packaging paper, such as bag and metallized.

Food industry enterprises of Ukraine use a wide range of paper used for
packaging various types of products. A significant part of packaging types of paper
IS not produced in Ukraine, but is imported mainly from Finland, Germany,
Norway, and Poland. In the early 1990s, Ukraine experienced a shortage of such
materials as parchment and special types of under-parchment, the production of
which was completely absent in the country.

As a packaging material, parchment is used, which is characterized by high
grease resistance and moisture resistance. At the same time, the technology of
obtaining parchment is environmentally dangerous. It is based on the method of
chemical parchmenting of pre-made paper with concentrated solutions of sulfuric
acid and requires additional costs for wastewater treatment. Since this technology
poses a significant danger to the environment, its use is undesirable [3].

Therefore, taking into account the great need of Ukrainian food industry
enterprises for packaging materials, it was necessary to develop an
environmentally friendly technology and master the production of domestic paper
instead of parchment, which would meet the requirements for packaging fat and
moisture-containing products. Such packaging must meet world standards in terms
of protective characteristics, provide an appropriate design, be cost-effective and
have appropriate polygraphic design.

The results of studies performed at the time by OJSC "UkrNDIB" [3] and
the patterns obtained on their basis, as well as the testing of these results in
laboratory and industrial conditions, made it possible to determine the
requirements for fibrous semi-finished products, as well as auxiliary materials and
chemical additives used. The developed types of packaging paper [3] are
characterized by the necessary complex of protective, mechanical, operational
properties and have passed comprehensive production tests at various enterprises
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of the food and processing industries. Packaging types of paper used for automatic
and manual packaging of fat and moisture-containing products: butter, margarine
in packs and monoliths, cheese and cheese-curd products, waffles, cookies,
caramel, yeast and other products, have shown their compliance with the
requirements of the food industry ,

Possessing the necessary protective and specific properties in the process of
packaging a particular product, the structure of the developed types of paper is
characterized by a sufficient ability to perceive printing ink, ensuring high-quality
printing when a multi-colored label is applied to one of its sides.

Development of production and industrial production of paper for direct
packaging of food products was carried out at the Malinska, Zmiivska, and
Korostyshivska paper factories, which produced more than 1.5 thousand tons of
such products per year, of which 500 tons were exported to foreign countries.

Paper of this purpose is urgently needed by the national economy, which
constantly dictates the need to expand its assortment, improve quality, create new
types and brands that take into account the properties of products that are packaged
and are characterized by high special, protective and barrier properties, whiteness
and surface condition. which provides packaging with a modern design at a low
cost.

Thus, in this work, which is the first stage of exploratory research, an
impetus was given for conducting further research and performing experiments, on
the basis of which it is possible to develop packaging materials based on paper
according to various indicators necessary for packaging food industry products.
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Anomauia. MeToro maHOi JOCTITHUIIBKOT POOOTH € BHBYEHHS JESIKUX
0COOJIMBOCTEM BUTOTOBJICHHS OJHOTO 13 BHUIB HAIIOBHEHOIO IMEPraMEeHTy, IO €
JIOCUTh aKTyaJIbHUM Ha ChOTOJIHIIIHINA JIeHb. BUPOOHUIITBO NEpraMeHTy BKIIIOYAE
JBI CTaali — BHUPOOHMIITBO NANEPy-OCHOBHM Ta BUPOOHHUIITBO IEPraMEeHTy 3
nanepy-ocHoBH [1]. Skuio nepma ctagis - BApOOHUITBO Manepy-OCHOBU - JOCUTh
TpajaMiliiiHa, TO Apyra OUIbIIEe Harajaye XIMIYHY TEXHOJOTi0. Y BHPOOHMIITBI
nanepy-oCHOBH JJisl TIEPraMeHTy PEKOMEHJOBAaHO BHUKOPHCTOBYBATH IaliepOBY
Macy, sika MICTUTbh CyMill CyJib(aTHOI OICHOT IIEJII0J03U 3 JIMCTSAHOI 1 XBOWHOT
nepeBuHn  [2]. CynbdaTHy OiI€HY JHUCTSHY UEII0JI03Y BUKOPUCTOBYIOTH 3
BMIiCTOM o-11etosio3u 86-91 %. BukopuctanHs 3amporoHOBaHOI ManmepoBoi Macu
Ja€  3MOTy 3a0e3MeuuTd CTPYKTYpHY OJHOPIIHICTh TEpraMeHty 1 MHoro
YKUPOHETIPOHUKHICTh 32 OJTHOYACHOTO ITiJIBUILIEHHS MEXaHIYHOT MIITHOCTI.

B naniit po6oTi, sfika € HaYaIbHUM €TaroM MOUTYKOBUX JOCIIKEHbB, JTaHO
MOIITOBX JIJIS IPOBEJCHHS MOAAIBIINX JOCTIIKEHb Ta BUKOHAHHS €KCIIEPUMEHTIB,
Ha 0a3l saxkux Oyine po3poOJeHO OJWH 13 PI3HOBUIAHOCTEW Manepy-OCHOBU
HAIMTOBHEHOTO NIEPraMeHTy JJisl yIaKyBaHHS MPOAYKIIiT Xap4OBOi MPOMHCIIOBOCTI.

Kniouosi cnosa: nanip-ocnosa, nepzamenm, MeXAHIUHI NOKA3HUKU
MIYHOCMI nep2amermy.

Summary. The purpose of this research work is to study some features of
the production of one of the types of filled parchment, which is quite relevant
today. Production of parchment includes two stages — production of base paper
and production of parchment from base paper [1]. If the first stage - the production
of base paper - is quite traditional, then the second one is more reminiscent of
chemical technology. In the production of base paper for parchment, it is
recommended to use a paper mass that contains a mixture of sulfate bleached
cellulose from hardwood and coniferous wood [2]. Sulfated bleached leafy
cellulose is used with an o cellulose content of 86-91%. The use of the proposed
paper mass makes it possible to ensure the structural homogeneity of the
parchment and its greaseproofness while simultaneously increasing the mechanical
strength.
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In this work, which is the initial stage of exploratory research, an impetus
was given for conducting further research and performing experiments, on the
basis of which one of the varieties of paper-base of filled parchment for packaging
food industry products was developed.

Key words: base paper, parchment, mechanical indicators of parchment
strength.

The purpose of this research work is to study some opossibilities of
manufacturing one of the types of filled parchment, which is quite relevant today.

The production of parchment includes two stages — production of base
paper and production of parchment from base paper [1]. If the first stage - the
production of base paper - is quite traditional, then the second is more reminiscent
of chemical technology.

The main fibrous raw material for the production of vegetable parchment is
bleached cellulose from coniferous and deciduous wood[1]. Since ordinary sulfite-
bleached pulp is generally not sufficiently parchmentizable, sulfite pulp is used for
the production of parchment, which is subjected to alkaline treatment or
refinement. The use of short-fiber pulp from deciduous wood together with
coniferous pulp improves the uniformity of base paper and parchment.

Requirements are put forward for the physical and mechanical parameters
of the base paper for parchment, which are provided by the degree of fineness of
the paper mass. For parchment weighing 1 m? 70 g, cellulose is ground to 27-34°
SHR, for parchment weighing 1 m? 55 g - to 35-40° SHR, for parchment weighing
1 m?50 g - 40-45° SHR [1].

Research [2] conducted to determine the effect of grinding sulfate-bleached
coniferous cellulose, sulfate-bleached leafy and sulfite-bleached refined cellulose
on the ability to parchment and the quality of parchment, showed the low strength
of the base paper from a mixture of leafy and sulfite cellulose. However,
parchment from these types of cellulose was of high quality. At the same time, a
wide range of chemicals and inert additives can be added to the composition of the
parchment, which give it a set of special properties. These additives should be
introduced both at the stage of production of the base paper and at the stage of
production of the actual parchment [2].

For the production of parchment, both single-layer and multi-layer base
paper are used. At the same time, one or more layers of the base paper have an
increased susceptibility to the action of parchment agents, while the others have a
reduced susceptibility. A reduced susceptibility to the effect of parchmenting
agents is achieved by introducing chemicals that add hydrophobicity and moisture
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resistance to the composition of the main or lower layer of the paper base. For the
production of base paper, it is recommended to use a composition of 50%
coniferous sulfate-bleached cellulose and 50% leafy sulfate-bleached cellulose. It
iIs recommended to make the base paper on a machine with an additional grid. On
the first grid, a parchment layer is formed from a composition with a degree of
fineness of 15-20° CP without additives weighing 25-90 g (mostly 40 g) per 1 m?,
On the second grid, a layer with limited parchmenting is formed. The fibrous
composition is ground to 25° SHR. 3-8% of moisture-resistant chemicals based on
epichlorohydride and a dispersion of an alkyl ketone dimer are introduced into the
fibrous mass for hydrophobization. The layers are connected and a two-layer base
paper is obtained, which is subjected to parchmenting on a conventional machine.
Parchment made in this way is recommended for packaging with increased
strength requirements [2].

In the production of base paper for parchment, it is recommended to use a
paper mass that contains a mixture of sulfate bleached cellulose from hardwood
and coniferous wood [2]. Sulfate-bleached leafy cellulose is used with an a-
cellulose content of 86-91%. The use of the proposed paper mass makes it possible
to ensure the structural homogeneity of the parchment and its greaseproofness
while simultaneously increasing the mechanical strength.

In fig. 1 shows the change in the index of destructive force of the base
paper after parchmenting. The given data are for two types of base paper and two
types of parchment, respectively - with filler and without filler.

From the graphs of fig. 1 shows that the mechanical strength of paper after
parchmenting increases by approximately 1.5-2.0 times. If the base paper with
different weights of 1 m? had a destructive force of 40-60 N, then after
parchmenting this indicator increased to the values of 80-95 N. This should be
explained by the fact that the strength of the paper consists of two components -
the strength of the fibers themselves and the strength of the inter-fiber bonds of the
The last factor is directly related to the contact area between the fibers. It is thanks
to the increase in the contact area between the fibers that the strength of the paper
increases due to the increase in the degree of cellulose grinding. Thus, it can be
assumed that the parchment process maximizes the contact area between the fibers,
and thanks to this, even a thin parchment weighing 40 g/m* has a very high
breaking force compared to high-strength paper types.
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Fig. 1. Comparison of the destructive force of base paper and parchment
for different masses of 1 m?

It is known that fillers significantly reduce the strength of paper. As can be
seen from fig. 1, that the introduction of a filler, in this case - titanium dioxide, at a
mass fraction of about 4% led to a decrease in the destructive force of the base
paper by 25-30%. However, after parchmenting, the mechanical strength of
parchment with filler and without filler differed slightly, at the level of 5-7%. This
once again confirms that the parchment has not so much a fibrous structure, where
the filler reduces strength by reducing the contact area of the fibers, as a film
structure, where the filler is interspersed in a monolithic structure, and its
loosening effect is practically not felt (with negligible content).

Thus, in this work, which is the initial stage of exploratory research, an
impetus was given for conducting further research and conducting experiments, on
the basis of which one of the varieties of paper-based filled parchment for
packaging food industry products was developed.
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Application of the fluidization technique for granulation of liquid
heterogeneous systems in a fluidized bed has a number of advantages compared to
other methods.

The main advantages include the combination of several technological
stages in one device during granulation and a heat utilization ratio of more than
50%.

The peculiarity of the granulation process is the controlled change in the size
of the granules during the implementation of the layered structure mechanism,
Figure 1 a, or during the stochastic process of particle size change due to their

sticking together — agglomeration mechanism, Figure 1 b [1].

spraying > spreading ) solidifying > final granule
- o/

| —

sprayed droplet seeds/powder solidified shell Lonion” structure
a) layered structure mechanism
spraying > wetting > solidifying > final granule
v
\_4

binder droplets powder liquid bridges solid bridges Jraspberry” structure

b) agglomeration mechanism

Figure 1 — Granulation mechanisms of liquid systems in a fluidized bed
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In the works [1-6] is proposed an innovative way of organizing the
interaction of the gas jet with the granular material, which implements the dynamic
movement of the granular material along the horizontal surface of the gas
distribution device (GDD) and the removal of more than 40% of the mass of the
initial bed beyond the initial bed.

The physical model of the heterogeneous jet-pulsating fluidization in self-

oscillating mode is shown on Figure 2.

o S
Stage 1 > LS |  Stage2
J T.€[0; T1] T.€[T; T+ !
AT T e 2 e A
e R B A G
TR e %4
i i i . g / B |
E bz i
= b)t=1:
Stage 3 |

T €[Ti+n; Tt

Figure 2 — Physical model of heterogeneus jet-pulsating fluidization in self-
oscillating mode

To implement this process, the authors [1-6] suggested determining the total
hydraulic pressure of the gas at the entrance to the granulator chamber using the

expression, Pa:

AFtotaI - ﬂl1':‘1".l'7r1putlsea + Z AFfriction + ﬂ'Phydrostatic (1}
where AP;,,.1se — aerodynamic resistance for creation of momentum of the

dispersed layer, Pa;
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APy yarostatic — Nydrostatic pressure resistance of material with initial

height of bed of solids H,, Pa;
X APricrion — hydraulic resistance to overcome frictional forces during the

movement of gas and friction between solid particles, Pa:

Z ‘&Pfriction = ﬂPgas friction + APsorias friction (2)
where AP, ;s rricrion — Nydraulic resistance to overcome frictional forces during the
movement of gas, Pa; APg,)i4s Fricrion — friction between solid particles, Pa.

For this case, one of the basic criteria is the reduced Reynolds number,

which is defined as:

Ar 73
Re = gas(I1LI) (3)

18 - U,61JAr gt7s

gas(1LIIT)

where e,45¢7y — current value of porosity in zones Il and I11 within the initial
bed of solids with height Hj;

Ar — the Archimedes number:

3
gdequivalent (psolids o pgas}

Ar = (4)

Vgas®Pgas
where dequivalent— €quivalent diameter of the particles in the fluidized bed, m;
vgas — Kinematic viscosity of gas at a given temperature, m?/s;
Psoligss Pgas — relative density of granular solid material and gas, kg/m?;
g — gravitational acceleration, m/s’.
Then the reduced (average) gas velocity in the cross-section of the apparatus

will be determined as, m/s:
Rev
Wyas = % (5)
equivalent
In real conditions, even with stable kinetics of the layered structure
mechanism of granulation process, the formation of agglomerates with sizes twice

or more compared to the given sizes of granules is possible.
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Therefore, to determine the quality of hydrodynamics in total and the quality
of heterogeneus jet-pulsating mode of fluidization, the authors [1, 4-6] proposed a

method for determining the quality lost function:

51— 6;\°
[6] ) ©

[
where K; and K, — are weighting factors (K; = 0.3 and K, = 0.7); [ep] = 0.85 — the

specified value of the porosity of the bed of solid material in the zone D; [d] =

Lp = K ([ep] — EDI-)Z + K, (

0.01l, m; I —is the chord length of the gas distributing device (GDD) plate, m.

In this case, it is necessary to carry out research on the influence of the size
and shape of the granular material on the qualitative and quantitative
characteristics and, first of all, on the geometric dimensions of the low-moving

zones in the zone "D", Figure 2.
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Super-resin water (ammonia super-resin water) is the water part of
condensate, which is formed during cooling of straight coke gas. The processing of
the residual water is used for coke quenching, ammonia and phenol extraction [1].

The processing of the super-residue water includes the following

technological operations:
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- distillation of volatile ammonia from the residual water in the evaporator
column;

- water dephenolization by steam method,;

- decomposition of bound ammonia salts in the reactor with slaked lime
solution;

- distillation of bound ammonia in the plate-type packed apparatus.

Almost 30% of ammonia resources, which is formed during coking of hard
coal, passes into ammonia water in the form of salts of volatile ammonia: (NH;),S
and (NH,),COs3, as well as salts of bound ammonia: NH4Cl, (NH4),SO, and
NH,CNS.

Salts of volatile NH; can be decomposed by simply heating water. NH; from
the salts of bound ammonia can be released by treating the water with a solution of
slaked lime or lime milk Ca(OH),, which is a stronger alkali than ammonia and
therefore displaces it from the salts.

Milk of lime is obtained from lime by slaking it:

CaO+H,0 = Ca(OH),
CaO lime is obtained at soda factories by burning limestone:
CaCO; = Ca0O + CO,

Basic reactions of destruction of salts of bound ammonia:

2NH,CI + Ca(OH), = CaCl, +2NH; +2H,0
(NH4),SO,4 + Ca(OH), = CaSO,4 + 2NH; + 2H,0
2NH4CNS + Ca(OH), = 2NH; + Ca(CNS); + 2H,0

The processes are carried out at a temperature of 102+105°C with thorough
mixing of resinous water with lime milk. Lime milk should be free of mechanical
impurities, with a concentration corresponding to the content of active lime 65+75
g/l or the density of lime milk 1.052+1.060 g/dm®.

The advantage of the steam method is the compactness of the installation,
simplicity of hardware design and the possibility of process automation. Water
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does not come into contact with the reagents in the process of dephenolization.
With increased alkali consumption, the presence of multi-stage irrigation allows
the use of the steam method for the deconcentration of wastewater with a phenol
content of at least 1.5 g/l. Phenolate derivatives do not contain mechanical
impurities. If necessary, the plant can operate with reloading.

However, the steam method has significant disadvantages due to the
inability to achieve complete wastewater dephenolization, part of the phenols is
lost in the ammonia distillation column before water dephenolization, the loss of
phenols can reach 15+25% of their resources in water. The presence of ammonia
residue before dephenolization reduces the degree of water dephenolization.

Sodium phenolates, which are retained by the steam method of wastewater
defenestration, are processed to obtain pure products by using rectification.

The process flow diagram of the residual water processing plant is shown in
Figure 1.

The residual water is supplied to the pressure tank 1, from which it flows by
gravity into the ammonia-lime column 2 with two columns 3.

In column 2, the residual water is subjected to steam distillation in order to
distill volatile ammonia compounds from it. From column 2 through the pipeline,
the residual water enters the intermediate collector 4, from which the centrifugal
pump 5 is fed to the dephenolating scrubber 6.

In scrubber 6 phenols are stripped off by water vapors and the residue de-
phenolizing water is returned to the lower mixing part of column 2 by the pipeline,
where the residue water is treated with lime milk to decompose bound ammonia

salts.
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1 — pressure t?k;é —ammonia-limestone column; 3 — bases; 4 — intermediate
collector; 5, 8, 14 — centrifugal pumps; 6 — dephenolizing scrubber; 7 — agitator;
9 — descent regulator; 10 — reboiler; 11 — fan; 12 —air cooler; 13 — collector for
phenolates; 15 — deflegger
Figure 1 — Process flow diagram of the plant for processing of

super-solvent water

Lime milk enters the mixer 7, from which it is then pumped by pump 8 to
the mixing part of the lime column 2 through a circulating piping system.

In the mixing part of the column, most of the bound ammonia salts
decompose under the action of lime milk and steam with the release of free
ammonia, which is mixed with water vapor and fed into column 2.

From the mixing part of the column, the residual ammonia water with the
remaining undecomposed ammonia salts flows by gravity to one of the working
columns 3, where the process of ammonia extraction from the bound salts
contained in the residual ammonia water is almost completely completed.

Wastewater from the lower part of the column 3, through the outlet regulator

9 goes to the lime sludge tank.
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The composition of total ammonia in waste water is usually 0.05+0.1 kg/m°.
Increase of ammonia losses in the wastewater from the lime pit indicates clogging
of plates, caps and overflows of the lime pit with calcium salts. In this case,
another clarifier is put into operation, and the previously operating one is stopped
for cleaning.

The supernatant water, which is removed during the distillation process from
column 2 for dephenolization, contains up to 2.5 kg/m® of phenols, and the one that
returns from the dephenolizing scrubber — about 0.25 kg/m®. Thus, the degree of
dephenolization of weak ammonia water is about 90%.

From the resinous ammonia water, which flows down the nozzle in the
upper part of the defenestration scrubber, phenols are blown out by flue gases,
which is cooled by passing the reboiler 10 and then circulated through the
defenestration scrubber by the fan 11.

Extraction of phenols from water vapor is carried out in the lower part of the
scrubber with 8+10% caustic soda solution, which irrigates the nozzle of this part
of the scrubber.

Sodium phenolates flow out of the scrubber 6 and go through the water seal
for cooling to the air cooler 12, where they are cooled, then - to the phenolate
collector 13, from which the pump 14 is fed to the warehouse.

The steam-ammonia mixture coming out of the ammonia column 2 is then
supplied for cooling with process water to the intertube space of the deflagrator 15.
Process water cooling the vapors in the deflagrator flows countercurrently through
the deflagrator pipes. After that, the cooled mixture is sent through the pipeline to

the saturators, and then to the neutralizer.

REFERENCES:
1. Belyanskaya O. R., Nagorny Y. S., Kryshen I. G. Theory of Carbon
Materials. Kamianske: DSTU. — 2019. — 86 p.
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Amino acids are extremely important in the organic world, because cell
proteins are built from them, they form the basis of enzymes and hormones that
perform a number of important functions in the living organism. The synthesis of
essential amino acids does not take place in the body of animals, but is carried out
in plant tissues and bacterial cells and enters the body of animals together with
food. One such amino acid is lysine. The use of lysine as an additive allows you to

218



36ipuuk Te3 qonosigeil XXI11 mixkHapoaHOT HAYKOBO-NIPAKTHYHOI KOH(pepeHIlii CTy1eHTiB,
acnmipaHTiB i MoJsioAnX BYeHUX “Pecypcoenepro3oepirarwo4i TexHoJorii Ta 00JaHaHHA”

increase the weight gain of animals and birds by 10+30%, increase milk yield by
12%, and increase the egg production of chickens by 10%. Industrial production of
lysine and other amino acids is carried out in strictly aseptic conditions, on sterile
nutrient media using pure culture of the producer. When obtaining lysine by the
method of deep cultivation of microorganisms, fermenters are used. The nutrient
medium for growing lysine producers is molasses, corn extract, vitamins, ammonia
water or other sources of growth substances.

Technical preparations of lysine are obtained on the basis of the components
of substances that are present in the culture liquid, including the biomass of the
producer and solid insoluble particles of the medium. The production line can
produce the following technical preparations: liquid lysine concentrate (LLC), dry
fodder lysine concentrate (DFLC) and crystalline lysine (CL).

The technological scheme of the installation for the production of lysine is
shown in Figure 1.

The principle technological sequence of the process of obtaining lysine is as
follows:

1. preparation of seed material;

2. preparation and sterilization of the nutrient medium, all equipment and
communications;

3. cultivation of producers in industrial fermenters (fermentation);

4. isolation of the target product (lysine).

In the process of cultivation, lysine accumulates.

The preparation of the nutrient medium for the cultivation of lysine
producers is carried out in two stages. The finished culture liquid, which contains
the biomass of the producer, the solid weight of the medium and the total amount
of substances, can be used to obtain three products: liquid lysine concentrate
(LLC), dry feed lysine concentrate (DFLC) and crystalline lysine (CL). When

219



36ipuuk Te3 qonosigeil XXI11 mixkHapoaHOT HAYKOBO-NIPAKTHYHOI KOH(pepeHIlii CTy1eHTiB,
acnmipaHTiB i MoJsioAnX BYeHUX “Pecypcoenepro3oepirarwo4i TexHoJorii Ta 00JaHaHHA”

obtaining LLC and DFLC, biomass and solid weight are not removed from the

culture liquid
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1, 2 — mixers; 3 — heating column; 4 — holder; 5 — heat exchanger; 6 — fermenter;

7 —mixer; 8, 9 — inoculators; 10 — stabilizer; 11 — main filter; 12 — individual filter;
13 — air filter; 14 — heat exchanger; 15 — evaporation plant; 16 — collection;
17 — mixer; 18 — spray dryer; 19 — cyclone; 20 — scrubber; 21 — cyclone unloader;
22 — collection; 23 — intermediate collection; 24 — dispenser.

Figure 1 — Technological scheme of the lysine production plant

Beet molasses is prepared separately from other components of the
environment. It is heated and transported to mixer 1, where it dissolves in hot
water during mixing and heating. Nutrient salts and all other components of the
environment are dissolved in mixer 2, but with such a calculation that the next time
these solutions are combined, the concentrations of the components in the

environment are obtained, in accordance with the requirements of the regulation.
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Then the prepared mixtures are sent to the heating column 3, the holder 4
and for cooling in the heat exchanger 5. The sterile cooled nutrient medium is then
fed into the fermenter 6 and fills it by 70+75%. To start fermentation, it is
necessary to introduce seed material into the medium. The initial culture is
prepared in a microbiological laboratory. If the preparation of seed material is
carried out periodically, then after growing in vibrating flasks, the culture is
transferred to the first 8, and then to the second 9 stages of inoculators, where the
necessary volumes of the seed culture are obtained. Sterilization of the nutrient
medium is carried out in the seeding devices themselves, while the preliminary
homogenization of the medium is carried out in a special mixer 7, since inoculators
of the first stage, and often in the second, there are no mixing devices.

Sterile air is required for cultivation of producers in seeders 8 and 9, as well
as in fermenter 6. For this, a whole system of filters and air conditioners is used.
Air is taken from the atmosphere, cleaned of coarse lime in a viscin filter and
enters the turbocompressor, where it is compressed, the air temperature rises to
423+433 K, then the air cools, condensate is separated, and then the air is fed into
the receiver, which ensures an even supply of air in fermenter.

The air prepared in this way enters the main filter 11 filled with activated
carbon and glass wool, and then - to the system of individual filters filled with
special sterilization materials and installed on each inoculator and fermenter. The
air coming out of the inoculator before being released into the atmosphere is again
cleaned from the cells of the producer itself on air filters 13 in order not to pollute
the environment. In the cultivation process, sterile defoamers are used for
defoaming. They are fed to the fermenters automatically depending on the height
of the foam from the device 12.

Practically, taking into account the fact that lysine monochlorohydrate is

obtained instead of pure lysine, the yield of the product is 35%.
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The duration of cultivation depends on the producer and the conditions of
introduction of nutrients into the process. For lysine producers, the duration of
fermentation is 58+72 hours. At the same time, the economic coefficient of sugar
consumption is 25+35%.

Significant losses of lysine are observed when the culture liquid is directly
dried or concentrated. Therefore, the culture liquid undergoes stabilization. This
process is carried out in a special container 10, where a 25% solution of sodium
bisulfite in the amount of 0.4% of the volume of the culture liquid, and then
hydrochloric acid to pH=5.0, is supplied with stirring. As a result, lysine
monochlorohydrate is formed, which is more resistant to thermal effects.

Before evaporation, the culture liquid is heated in the heat exchanger 14 to a
temperature of 368+373 K and then enters the two-body evaporation unit 15. The
evaporated culture liquid with a dry matter content of about 40% enters the
collector 16 - this is the LLC. The finished preparation LLC is free-flowing and
non-hygroscopic with a content of up to 7+10% lysine. The liquid lysine
concentrate is then pumped into special storage containers by pump 40.

The culture fluid concentrate can be dried in a spray dryer 18, in which case
the DFLC preparation without filler is obtained. The culture liquid falls on the
spray disk of the drying tower and is sprayed, the small droplets come into contact
with hot air, while the moisture evaporates, and the powder with a moisture
content of 4+8% enters the cyclone atomizer 21. Part of the preparation is carried
out with the coolant of the drying tower, so the air passes through cyclone 19,
where the main mass of the drug is separated, which also enters the cyclone-
unloader 21. For additional cleaning, the air passes through the scrubber 20 and
only after that it is released into the atmosphere.

In order to reduce energy consumption during spray drying, as well as to
reduce the hygroscopicity of the LLC preparation, a filler is added to the
concentrate in the mixer 17. Then the resulting mass is fed to the spray or to a
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dryer of any other energy-efficient design. Air heated to 523 K is used as a drying
agent. The resulting dry lysine fodder concentrate is packed in a bag with a

polyethylene liner, sealed, and sent to the warehouse for finished products.
REFERENCES:

1. Savas G. Anastassiadis. L-Lysine Fermentation. Recent Patents on
Biotechnjlogy. — 2007. — 11-24 PP.
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CEKLIA 2

«EKOJIOTTA TA TEXHOJIOT'TA POCIMHHUX ITOJIIMEPIB»
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YK 676.166.6+661.123

EKCTPAKIISA HAHOLEJIIOJIO3M 13 BOJIOKOH KOHOIIEJIb
marictpantka Kumomuk T. I, acnipantka SAxkumenko O. C.,

npodecop bapbam B. A.

HarnionansHuil TeXHIYHUNA YHIBEPCUTET YKpaiHU
«KuiBchkuii moniTexHiuHui IHCTUTYT iMeHi [ropst CikopchKOTO»

Omucano crad 13 3a0e3leYyeHHsIM CUPOBHUHOIO HiILHpI/ICMCTBa OEJIKOJII0O3HO-
NarepoBoi raidysi Ta BIACTUBOCTI HAHOLEIOJI03H. JloCaiKeHo mpoliec OTpUMaHHs
HAHOIIEJI0JIO3H 13 KOHOIUISTHOT OPraHOCOJBLBEHTHOI 11€110103U. BCTaHOBIIEHO, 1110
J04aBaHHA 0,5 % HAaHOLCIIFOJIO3HU Y BOJIOKHHUCTY KOMHOBI/IHiIO IIPU3BOIUTL 10
MOKpAIIeHHs (PI3MKO-MEXaHIYHUX MOKAa3HUKIB 3pa3KiB Mamepy JUisl XapyOBHX
OPOJYKTIB JIO BHUMOI TOKa3HUKIB TIEPIIOTO COPTy, a JaojaBaHHa 2 %
HaHOLCJIKOJIO3HU - 0 BiIIHOBiIIHOCTi IMIOKa3HUKaM IIaIlICpy BUIIOT'0 COPTY.

KirouoBi cjioBa: OpraHOCOJIbBBCHTHA KOHOINIAHA LCJII0JI03d, HAaHOILCIIOJI034,
narip
The situation with the provision of raw materials for the pulp and paper industry
and the properties of nanocellulose are described. The process of obtaining
nanocellulose from hemp organosolvent cellulose was studied. It was established
that the addition of 0.5% of nanocellulose to the fibrous composition leads to an
improvement of the physical and mechanical indicators of food paper samples to
the requirements of the first-grade indicators, and the addition of 2% of
nanocellulose to compliance with the indicators of the highest-grade paper.

Keywords: organosolvent hemp cellulose, nanocellulose, paper

B ocranHi pokm 3pocrae iHTEpec MO0 PO3pOOKHM HOBUX TEXHOJOTIH
BUPOOHUIITBA O010pPO3KIAIHUX MaTepiaiiB 3 €KOJOTIYHO YHCTHX BITHOBIIOBAHHUX
POCIIMH, SIKI 3[aTHI 3aMIHUTH TOJIMEpPH, BUTOTOBJIEHI 3 BHUEPIHUX MPUPOJIHHUX

pecypciB — HadTH, Tazy, Byruuia. OCHOBHOIO POCIMHHOI CHPOBUHOKO IS
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MIPOMUCJIOBUX CITOCOOIB OJICpKaHHS IIEJIF0JIO3H Y CBITOBIH 11€JTI0JIO3HO-TIANIEPOBIN
npomucioBocti (LIIIII) 3amuimaeTscss nepeBuHA, sKa BiAIrpae HaJ3BUYAWHO
BXJIUBY MPUPOJOOXOPOHHY POJIb, BUKOHYE TPYHTO3aXHUCHY Ta BOJOAKYMYIIIOIOUY
GyHKIN, € OCHOBHMM TIOCTAa4aJIbLHUKOM KHCHIO B arMmocdepy Ta MicIeM
BIANMOYMHKY. JI0 OCHOBHHMX MpoOieM, siKi CTpUMYIOTh po3BUTOK cBiToBOi LIIIII,
TaK0X BITHOCSTHCS 3a0pyAHEHHS HAaBKOJHUIIIHBOTO CEPEOBHINA, TEXHIYHHUIA PIBEHB
TEXHOJIOT1 Ta oOnaaHaHHs. Lle BUKIMKae HarajlibHI MATAHHS 110JI0 3a0€3MEeUEHHS
nignpuemctB LT HEOOXiIHOO CHPOBHMHO Ta EHEPri€l0, a TaKOXK OXOPOHU
JIOBKULJISL Yyepe3 piBeHb MAPHUKOBUX Ta3iB 1 3a0pyAaHeHHs moBitpsa. s kpaiH 3
OOMEXEHMM 3alacoM JIEPEBUHU 1 PO3BUHYTUM CUIBCBKMM T'OCIOJApCTBOM,
QIbTEPHATUBHUM IIJIIXOM BUPIIIEHHS CHpPOBUMHHOI mpoOnemu g LIIT e
BUKOPHUCTAHHS HEJAEPEBHOIT POCIMHHOI CHPOBUHH.

Jlo TmpeACTaBHHMKIB HEAEPEBHOI POCIMHHOI CHUPOBUHU  BIAHOCSATHCS
MIPOMUCIIOBI HEHAPKOTUYHI KOHOIUII - OJIHOpIYHA JIyO’sitHa pocCiMHA CiMEHCcTBa
Cannabis, sika BupoIlIyeThbCs a1 OTpUMaHHS BOJOKHA Ta HaciHHsA. KoHoruisHa
cojioma MICcTUTh 0sn3bK0 30% BOJIOKOH, 3 SIKMX BHUPOOJISIOTH J1OBFOBOJIOKHUCTY
nemonaosy 3  BuxogoM 10 80% [1]. KonommsHy 1em0oi03y  MOXHA
BUKOPUCTOBYBATH SIK CUPOBHUHY JJI1 BUPOOHUITBA CIELIATBHUX BUIIB Marepy i
XIMIYHOI TIepepoOKH, 30KpeMa Il BUpOOHMIITBA HaHolenono3u. Hanouemntonosza
€ O10pPO3KJIAJIHMM MaTepiajoM 13 BUCOKOI MEXAHIYHOI MIIHICTIO, MIIHIIINM 3a
CTajlb, BUCOKOIO MPO30PICTIO Ta XIMIYHOK CTIHKICTIO, JIETKOIO Baror Ta HU3bKUM
KOe(]iIliEHTOM TEIJIOBOT'O PO3MIMPEHHS, BEIMKOIO IMTHUTOMOIO IIIOIICIO ITOBEPXHI Ta
HU3bKOIO BapTiCcTIO. TakKUM YHMHOM, HAHOLENIOJIO3a IIUPOKO BUKOPHUCTOBYETHCS B
MPOMUCIIOBOCTI Y BUPOOHUIITBI OiomojiMepiB 1 OIOKOMIO3WTIB, YHMAKOBKH Ta
THYYKOi €JIeKTPOHIKH, Y (apMalleBTUUHINA HAyIll Ta MEAUYHUX JOJATKaX, a TAKOK
SIK 3aCO0U TITi€HU Ta caHiTapii [2].

JUist OTpUMaHHS HAHOLENIONO3M BUKOPUCTOBYIOTHCS KIUJIbKa MEXaHIvHi,
XIMIYHI Ta 010TE€XHOJIOTTYHI METOIM, TEXHOJOTIUHI MMapaMeTpH SKUX 3aJIekKaTh BiJl
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BUJIY BUX1JHOTO 1IEJIIOJIO30BMICHOTO MaTepiaily, ONepeaHiX eTariB Horo oopoOku
1 KIHIIEBUX TIOKa3HUKIB HAHOICNIOI03W. MeXaHiuHl MeTOAu BHPOOHHUIITBA
HAHOLIETIONO3M  BUKOPUCTOBYIOTH  PI3HI  BHUAM  MEXaHIYHOI  0OpoOKwu:
rOMOT€eHI3allii0, MOJAPIOHEHHS, MIKPOQIIIOiIN3aIliio, YIbTPa3BYKOBY OOpOOKY,
KylIbOBUH MIMH 1 KpioreHe3, 1 BOHHM XapaKTEepPHU3YIOTbCS  3HAYHUM
eHeprocroxkuBanusaMm. [lomepenns ¢epmentatuBHa abo xiMiyHa 00poOKa
LEI0JI03U 3HUXKYE BUTpPATH €HEprii Ha BUPOOHUIITBO HAHOLEIION03U. Tomy
TUMOBUM METOJIOM BUJTYYE€HHS HAHOIIEIIOIO3U 3 IIEJII0JI030BMICHUX MaTepiaiiB €
BUKOPUCTAHHS KHUCIOTHOTO TIAPOII3Y, 30KpeMa PO3UMHAMH CYJIb(PATHOI KUCIOTH
[2].

[Iportec riaposizy OpraHOCOJBBEHTHOT KOHOIUISHOI IIENIONI03U TPOBOIMITN
po3urMHaMu Cynb(paTHOI KUCIOTH KoHIeHTpartlieto 40 - 60% 3a temnepatypu 40°C,
50°C 1 60°C, TpuBamictio Big 30 mo 90 xB. OTpumaHy HaHOUENIOIO3Y TpHUYI
MPOMUBAJIM TUCTUIILOBAHOIO BOJIOIO B JIAOOPATOPHIN HEHTpU(yY31 sl BUTATICHHS
KHUCIIOTO po3unHy. CyCrleH3110 HaHOIETI0I03U 00pOoOIIsiIn YIBTPA3BYKOM mpu 22
k['11 32 TOTTOMOTOO yIBTPAa3ByKOBOTO JUCTIEPraTopa MPOTATOM OJHI€] TOUHH.

OTpumaHa KOHOTUISIHA HAHOLIEII0JI03a BUKOPUCTAHA K 3MIITHIOIOUA T0OaBKa
JUTSL BUTOTOBJICHHS 3pa3KiB mamepy Ui TaKyBaHHS XapyoBUX IMPOIYKTIB Ha
aBToMarax. /[is mMpOro y BOJIOKHHUCTY Macy AOAAaBad PO3YMH HAHOIIECTIOJIO3M 1
ankinkereHn gumepy (AKJL). PesynbraT ¢di3uko-MexaHIYHUX BUPOOYBaHb 3pa3KiB
narnepy Jjisl MaKyBaHHS XapyoBUX MPOAYKTIB 0e3 nojaaBaHHs 1 3 gonaBanusaM HI 1

AKJl naBeneno Ha puc. 11 2.
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Puc. 1 — 3anexxHicTh MoKa3HUKa pyHHIBHOTO 3YCHIIJIS IIPYU CTUCHEHH1 KUTBILS TS
3paskiB namepy: 1- 6e3 XIIP; 2- 3 1% AKD; 3- 0.5% AKD+0,5% NC; 4- 0.5%
AKD +1% NC; 5- 0.5% AKD+1,5% NC; 6- 0.5% AKD + 2% NC Ta BuMmoru
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Puc. 2 — 3HadeHHs pO3pMBHO1 JOBKHWHH MaIepy s NaKyBaHHS XapuyOBUX

MPOAYKTIB PI3HOTO KOMITO3UIIIMHOTO CKIaAy (IMO3HAYEHHS sIK Ha puc. 1)
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Sk BUAHO 13 HABEJICHUX HA PUCYHKAX JIaHMX, JOJAaBaHHS JI0 BOJOKHHUCTOI
KOMIIO3UIIIT HAHOIIEMIOIO3U 3aKOHOMIPHO 301UTbIIye (Pi3UKO-MEXaH1uH1 OKa3HUKU
Mmaricpy. TakuM 4nHOM BCTAHOBJICHO, IO 3a BUTPATHU KOHOILUISHO1L HaHOLECIOJIO031
0,5% BiI BOJOKHHCTOI Macu OTPUMAHO 3pa3Kd TMamepy, sKi 3aJ0BOJIbHAIOTH
BUMOTaM CTaHAapTy [0 TNamnepy A TMaKyBaHHS XapyoBHX MPOJYKTIB Ha
aBTomMaTax Mapku B, a 3a BuTpatu HaHouemojo3u 2% BII Macu manepy —
[IOKA3HUKAM Marepy BUIIOTO COPTY.

Ilepesik nocujianb:
. Keller N.M. The Legalization of Industrial Hemp and What it Could Mean for
Indiana’s Biofuel Industry. Indiana International & Comparative Law Review.
2013, 23(3):555. https://doi.org/10.18060/17887
3. Barbash V.A., Yashchenko O.V., Yakymenko O.S., Zakharko R.M.,

Myshak V.D. Preparation of hemp nanocellulose and its application for production
of  paper for  automatic  food packaging. Cellulose, 2022.
https://doi.org/10.1007/s10570-022-04773-6
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3ACTOCYBAHHAA KUCJIOT U1 OYUILEHHA ITOJIICTUPOJIBHUX
MEXAHIYHUX ®UIBTPIB CUCTEM 3BOPOTHOI'O OCMOCY
Mapraputa Kapnenko

PhD-ctynent

Harmionaneuuit TexHiuamii yHiBepcuteT Ykpainu « KuiBCbKUil MOMITEXHIYHUIMA

1HCTUTYT iIMeHl Iropst CikopchbKoro»

history1991@ukr.net

AHoTaIisA: Y ¢TaTTi NpoaHali30BaHO CydacH1 JOCTIDKEHHS 1010 OYHUIICHHS
MEXaHIYHUX (PUIBTPIB CUCTEM 3BOPOTHOI'O OCMOCY BiJl CIIOJNYK 3aiiza. Mu npoBenu
pAN  JOCHIKEHb, SKI JIO3BOJIAIOTH pPEreHepyBaTH TOJICTUPOJIbHI MEXaHIuHI
¢GupTpu. BHKOpHUCTOBYBanM pO3YMHU XJOPUAHOI Ta CYJIb(ATHOI KUCIOT Pi3HOT
KOHIIEHTpaIii. Mu TakoX JOCTIIPKYBalld OUMILIEHHS CBIKHX 1 CyXUX (QUIBTPIB
MPOTATOM TphoX MicsiiB. Haitbinbm epextuBHUM BusiBUiiocs 3actocyBanHs 10%
COJISIHOI KHMCJIOTH Ha CyXuX (QuibTpax. BiH MOBHICTIO pO3UYMHSE 3aJ1130 1 103BOJISIE
pereHepyBaTH MONICTHPOIbHUI (inbTp. Moro 3HOBY MOXHA BUKOPHCTOBYBATH B
CHUCTEMaX 3BOPOTHOTO OCMOCY. bBinbll AeTanbHI pe3ynbTaTH AOCHIKEHHS MU
IUIAaHYeEMO ~ MOKa3aTH B HACTYNMHHUX  MyONIKamifgX  Micid  MNEepPeBIPKU
EKCIIEPUMEHTAILHOT YCTAHOBKH 32 I[1€F0 METOAMKOIO OUUIIICHHS.

KitouoBi crnoBa: ouMineHHs, (uUIbTpamis, 3a0pyJHEHHS, pPEKOMEHJalli,
MeMOpaHW, HAHOTEXHOJOTii, TPOAYKTUBHICTh, OYHIINCHHS, JOCIIJKCHHS,

3BOPOTHHM OCMOC, BOJIOIIITOTOBKA.

OnmauM 3 HallePEKTHBHINIMX METOJMIB OUYMINCHHS BOJAW BH3HAHA CHCTEMH
3BOPOTHOTO OCMOCY. 3BOPOTHHMM OCMOC - II€ TpOLEC, MpH SKOMY MOJIEKYJIU
pO3YMHHUKA (BOJAM) TMiJ THUCKOM IMEPEXOJATh 3 PO3UMHY (BOAM, IO MICTUTH
JIOMIIIIKK) B YUCTUH POZYMHHUK (BOMY). SKIO MpUKIaAaTH 3 OOKY PO3UYHMHY THCK,
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10 TIEPEBHIYE OCMOTHYHHMIA, TO MOJICKYJH BOIU 3 PO3YMHY OYIyTh BIUIBHO
IPOHUKATH B YKCTYy Boay [1].

[Ipomec 3BopoTHROTO oOcCMOCYy (puc. 1) BIZHOCHUTBCA JO TPOIECY
MUMOBUTBHOTO TMPOHUKHEHHS pPO3YMHHHWKA (BOAM) Yepe3 HaIiBIPOHUKHY
MeMOpaHy, pO3AUISAIOYUCH Ha OYHUILEHUHN PO3YHH 1 O1TIbII KOHIIEHTPOBAHUHN PO3YMH
(MemOpaHu 34aTHI TPOIMYCKaTH PO3YMHHHUK 1 YTPUMYBAaTH MiHEpaJIbHI COJI,
OpraHiuHI CHOJIYKH Ta 1HIII JOMIIKH). [Ipu IbOMY piBE€Hb PO3UHHY 3 OJTHOTO OOKY

MeMOpaHH MiABUIIYETHCSA, a PO3UMHHUKA 3 THIIOTO OOKY 3HHIKYETHCS.

Ocmoc 3BOPOTHUIN OCMOC

iapo-
CTAaTUYHWIA
TMCK

I

Ocmo-
TUYHUIA
TUCK

!

HaniBnpoHnkHa MeMbpaHa

Puc. 1. Cxema npoiiecy 3BOPOTHOTO OCMOCY

Hamni pocnimkeHHs cOopsiMOBaHI Ha BHUBYEHHS HETAaTMBHOIO BILIMBY Ha
HABKOJIMIITHE CEPEAOBUIIE BIXOIB CUCTEM 3BOPOTHOTO ocMocy. Ha manomy erami
MH BHBYAEMO METOJM OYHINCHHS Ta pereHepamii GiuIbTpa, SKUH Mpale Ha
NEepIIOMY eTarl OYUIICHHS.

P03BUTOK TEXHOJIOTIi 3BOPOTHOTO OCMOCY CTaBUTh MUTAHHS MPO 3HIKCHHS
eKCIUTyaTalllfHUX BUTpaT 1 BapTOCTI OYHMIIEHOI BOAM. 3aMiHa MeMOpaHHUX

€JIEMEHTIB € HaO1JIbIIl 3HAYHOIO CTATTEI0 BUTPAT, MOB'A3aHOI0 3 00CIYTOBYBaHHAM
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cucrteM (QinpTpariii. Tomy ayke BaXJIMBO MaKCUMI3yBaTH TEPMIH iX ciayxOu. s
UX LUJIeH B CUCTEMaxX 3BOPOTHOTO OCMOCY BUKOPUCTOBYIOTHCS aHTHUCKAJIAHTH.
Bonu 3amo6iraioTb yTBOPEHHIO BANHSIHHUX BIAKIAJE€Hb HAa TMOBEPXHI MeMOpaHH,
30epirarour i aKTHBHICTh MPOTATOM YyChOTO TepMiHY ciayxou. I[lpu BuOOpI
peareHTy Ba)KJIMBO BPaXOBYBATH BJIACTUBOCTI MEMOpPAHH.

AHTHCKaNTaHTH, 200 1HT10ITOpU HAKUITY, — II€ TPyHa XIMIYHUX CIIONYK, SIK1 €
BJIACHUMHU OpTraHIYHUMM CHUHTETHYHMMH TmomiMepamu. Cepea pedyoBUH, IO
NEPEIIKOKAIOTh OCA/PKEHHIO MIHEPAJIBHUX COJIEH y KpUCTaNiuHid (opmi, MOXKHA
BUJILJTUTH TIOJIIAKPUIIOBY, TOJIIMAJIEIHOBY, KapOOHOBY KHUCJIOTH, mNoiidocdaTu Ta
dbochonaru 3 momsipHOrO Macoro 2000 - 10000 [Ta.

MemOpaHu 3BOPOTHOTO OCMOCY CTalOTh BC€ OUIbII TOMYJSPHUMHU IS
OYUIIIEHHS BOJY Ta MOBTOPHOTO BUKOPUCTAHHS, OCKUIBKM BOHH BUCOKOE(EKTUBHI,
IPOCTI B €KCIUTyaTalii Ta eKOHOMIYHI. OUUIEHHSI MEMOpPAHU € BaXKJIMBHUM KPOKOM
y miaTpumill €heKTUBHOCTI MEMOpaHM [Jisg TPUBAJOI EKCIUTyaTailii, OCKIIbKU
3a0py/IHeHHS MeMOpaHu HEMUHYYE.

BukopucranHs MemMOpaH Ha OCHOBI moidiamigy 3a0e3nedye BUIIl MOTOKH
nepMeaTry, HDK IHIII TOJIMEPH, TOIl SK CTIMKICTh JI0 OKHCIIIOBAuUiB € JyXKe
HU3bKOI0. EpexTuBHMI TEpMiH CIy>KOU MmoiiaMiTHUX MEMOpaH KOJUBA€EThCS Bl 3
10 5 pokiB [2, ¢.7].

3a ocraHHI JECATWIITTS OyJo OIMyOJIKOBAaHO KIJTbKa HOBHX METOMIB
OUUILICHHS Ta Oarato JOCHIKeHb IIOJ0 OYHUIIEHHS MEeMOpaH MiJ BUCOKHUM
TuckoM. OfHaK Bce 1€ BIJACYTHIA KOMIUJIEKCHUN OIJIS[ OYMILICHHS MeMOpaH y
meMmOpanax NF ta RO. V¥V pi3HuUX CTaTTSX pPO3TISAAIOTHCS OCTaHHI PO3POOKHU
OUUILICHHS MeMOpaH, BKJIIOYaroyu (i3UYHE OUMILIEHHS, XIMIYHE OYHUIICHHS Ta
O1oy0oTiuyHE/010XIMIYHE OYMINECHHS. TaKOoX PO3TISAAEThCS KOMOIHOBAHHM MPOIIEC
OUYMIIEHHS Ta MOCIIJOBHUN MPOLEC OYMILECHHS PI3HUMH XIMIYHUMH PEYOBHHAMHU

a00 010710T1TYHUMU/O010XIMIYHUMHM areHTamu [3, ¢.36].
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Mu mpoaHamizyBald CydacH1 JOCTIIPKEHHS IOJI0 OYHIIEHHS MEXaHIYHHUX
GUIBTPIB CUCTEM 3BOPOTHOTO OCMOCY BiJ CIOJYK 3ajiiza. Mu mpoBenu psj
JOCTIKEHb, SKI JTO3BOJIAIOTH PEreHepyBaTH IMOJICTUPOIBHI MEXaHiuHi (iIbTpU
[4]. BukopucroByBanmu pO3YMHHA XJIOPUAHOI Ta Cyab(aTHOI KHCIOT pPI3HOI
KOHIIEHTpaIii. M TakoX AOCITIKYBaJld OUYHUIICHHS CBKHUX 1 CyXuX (UIbTpiB
OpOTATOM TpbOoX MicsiiB. HaitOinbin eexTuBHIM BuUsiBUIOCA 3actocyBaHHs 10%
COJISTHOT KHUCIIOTH Ha CcyXuX (iapTpax. BiH MOBHICTIO pO3YMHSE 3aJ1130 1 JO3BOJISE
pereHepyBaTH TONICTHPONBHUH (inbTp. HMoro 3HOBY MOXHA BHKOPHCTOBYBATH B
CHUCTEMax 3BOPOTHOrO OcMoOCy. binbll neTanbHi pe3yiabTaTH JOCHIIKEHHS MU
IUIAaHYeEMO  MOKa3aTH B HACTYNMHHUX  MyONIKaIifgxX  MIcHi  MEePeBIPKU

CKCHepI/IMeHTaJ'IBHO'I' YCTAaHOBKH 3a I_IiCIO MCTOJUKOIO OYUIIICHHS.

Cnucok BUKOPHUCTAHUX JIZKEPEJI:
1. KpaBuenko M.B. 3BopOoTHHIT OCMOC—AK METOJ JOOYUCTKH MUTHOIT BOAU Ha
nokanbHOMY piBHI. 2022. PhD Thesis. ITTA.
2. Da Silva M. K. et al. Rejuvenating polyamide reverse osmosis membranes by
tannic acid treatment //Separation and purification technology. — 2012. — T. 100. —
C.1-8.
3. Liu Z. L. et al. A review on cleaning of nanofiltration and reverse osmosis
membranes used for water treatment //Desalination and Water Treatment. — 2017.
—T.87.-C. 27-67.
4. Paposenunk, B.M. i Kapnenko, M.B. 2021. BUKOPUCTAHHSA PO3UMHIB
OPTTAHIYHUX KHCJIOT JJIA OUYMIINEHHA MEMBPAHHUX BJIOKIB
BAPOMEMBPAHHUX VYCTAHOBOK. HaykoBi  mpami  BiHHMIIBKOTO
HaIllOHAJIBHOTO TEXHIYHOTO YHIBEPCUTETY. 2 (Bep 2021).
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YK 542.816:66.081
MEMBPAHHA JTUCTRWJIAIIA, AK OJAUH I3 METO/IB
OYUCTKU BOAHN

marictp ['mymryk B.P., k. T. 1., nouent Tpembyc I. B.
HauionaibHuil TexHiYHMI yHIBepcuTeT YKpaiHu

«KuiBcbKuil moiTtexHivHui iHcTUTYT iMeHi Irops Cikopcbkoro»

AHoTanisi. [liozemui 600u € HaubiIbWUM pe3ep8yapom HPICHOI 600U Y
ceimi, Ha Hux npunaoac noHao 97 % yciei npicHoi 6o0u, docmynnoi Ha 3emii (3a
BUHAMKOM JIbO00BUKIB | Kpudcanux uanok). OOHax, npicna 8600a € pecypcom, KUl
BUKOPUCTOBYEMBCAL He Jiule K 0Xcepesio NUMHOL 800U, alle MAKOIC € BANCIUBUM
Pecypcom 071k NPOMUCTIOBOCHII.

KawouoBi caoBa: MEMBPAHHA JUCTWIALILSA, MEMBPAHU,
MOJEJIIOBAHHA

3a0pynHEHHS TIOBITPS, 3€MJl Ta ii MOBEPXHI, OKEaHIB 1 PIYOK BIIIrpae
BAXKJIMBY POJIb Y SIKOCTI Ta KUIBKOCTI MPICHO1T BoAM [1].

OnuH 13 METOJIB OYHIIEHHS HA3UBAEThCI «MEMOpaHHA JUCTHUIISLIIS.
MeMmOpanHa AUCTHIIALIS JOOPE MiAXOIUTh JIJIsl MPOIIECIB PO3/IJICHHS, B IKUX BOJA
€ OCHOBHMM KOMITOHEHTOM >KUBHJILHOTO PO3YHHY.

Y wMeMOpaHHIM JUCTWIAINT TPUHANMHI OJHA CTOPOHA MIKPOIOPHUCTOI
rigpohoObHOI MeMOpaHU 3HAXOIUTHCA B MPSMOMY KOHTAKTi 3 BOJHHM PO3YHHOM.
Pi3Huns mapuiagbHOrO THUCKY, BUKIMKAHA TPaJIIEHTOM TEMIEpaTypud MK JBOMaA
CTOpOHAMHU MEMOpPaHU, BUKJIHMKAE MACOOOMIH Yepe3 opu MEMOpPaHH.

[Tin yac mponecy MeMOpaHHOI AMCTHIIALIL MOJIEKYJM PIIMHA HE MOXYTh
MPOHUKATH 4Yepe3 TiApoPoOHICT MeMOpaHHW, 1 JUIIe MOJEKYyJIH BOASHOI mapu
MOXXYTh MPOXOAUTH uYepe3 CTIHKM MeMOpaHu. Ha OCHOBI pi3HUII MapIiaJbHOTO
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TUCKY BiI0yBa€ThCs BUIIAPOBYBAHHS JICTKUX CHOJYK; MOJIEKYJIHM Mapu MPOXOISTh
yepe3 MopH Ta KOHACHCYIOThCS/BIIBOJSATHCA Ha CTOPOH1 iepMmeaTy MeMOpaHu [2].

3acTOCOBYIOTHCS Pi3HI KOH(DIryparii s MiATPUMKH PYUIIHHOI CHIIK 3 TBOX
cTopid MemMOpanu. OaHaK 11 KOHDIrypaiii MO)XKHa pPO3PI3HUTH JIMIIIE 32 MPOIECOM
KOHJIeHcarlii [2].

Konpnencariiina pignHa (3a3BUyail 4ucTa BOJAA), XOJOMHINIA 32 BUXITHHMA
MOTIK, TPOTIKAE dYepe3 TMepMeaTHy CTOPOHY MeMOpaHu 3a JIONOMOTOIO
HUPKYJSLINHOTO Hacoca. Y TOM 4yac JIETKUM KOMIIOHEHT (Bojia abo JIETKI OpraHivyH1
CIIOJIyKH) BUIAPOBYETHCS HA MEXKI1 rapsiya piJiiHa/mapa, MpoXoJAuTh Yepe3 Mopu Ta
KOHJICHCY€EThCSI B KOHACHCAIIINHINA P1AMHI BCEPEIUHI KOMIPKH.

Leli Ttun xoHQIirypamii BIOOMHMH K ¢psiMa KOHTAaKTHa MeMOpaHHa
JUCTUIISAIS Yepe3 MPSIMUM KOHTAKT MK KOHJICHCAIIMHOO PiJIMHOIO Ta MOBEPXHEIO
MeMOpanu. Cepen pI3HOMaHITHUX KOHQIrypamii MemMOpaHHa AMCTHIIALIIS
JOCIIJIKY€EThCSI HaWOLIbIIE Yepe3 JIETKICTh HallalTyBaHHS B JIaOOpaTOPHHUX
yMOBax 1 BUIIIMM MOTIK epMeary, y MOPIBHSAHHI 3 IHIIUMH KOHPIrypariismu [3].

MeMOpaHu MOBUHHI MaTH TakKl XapaKTEPUCTUKU, 100 MPOJEMOHCTPYBATH
CBOIO HaMKkpamly e(EeKTUBHICTh Yy TIporieci OuYMCTKU. llepem mpoBeaeHHIM
BUNPOOYBaHb 3aCTOCOBaHI MEMOpaHM HEOOXIIHO OXapaKTepU3yBaTh pPI3HUMHU
MEeTOJlaMH, [00 YHUKHYTH 3MOUYYBaHHS T1]] 4ac AO0CIIIKEHb.

Meroau BU3HAYEHHS XapaKTEPUCTUK MEMOpaHU HAacTymHI [4]:

® THCK PIIMHU Ha BXO/I;

® TIOPHUCTICTbH Ta TEIUIONPOBIAHICTH;
® KOHTAaKTHHUU KyT BOJM;

® TOBIIMHA MEMOpPaHH.

[Ticns KUTBKOX JECATHIIITh HAMOJETVIMBUX JIOCHIDKEHb JUISl PO3YMIHHS
KOHIIEMIi MeMOpaHHOT AMCTWIALIL Ta 11 TPYAHOIIIB BCE IE ICHYe Oararto
MEPEIIKOI, sIKI HEOOX1THO YCYHYTH ISl 1HAycTpiami3aii Metoay. basyrounch Ha
OCTaHHIX pO3poOKax, MpoIec MEMOPAHHOI TUCTUIIALIT MOKHA BUKOPHUCTOBYBATH B
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HIMPOKOMY CIIEKTPI1 3aCTOCYBaHb, TAKUX K OMPICHEHHS Ta OYMILEHHS CTIYHUX BOJI
[5].

Xoya mporec MeMOpaHHOI JUCTWIISAINT BCE IE Ma€ s HEIOJIKIB, SKi
OOMEXYIOTh MOro NpPOIAYKTHUBHICTb, TaKUX $K BHCOKE CIOKUBAHHS €HEpTii,
TpUBAIMN TepioF poOOTH, 3MOUYBaHHSA Ta 3a0pyJHEHHS, a TaKOX BIJCYTHICTh
BIJIMOBITHOTO MOJYJisA, OyJlM MpenCcTaBiIeH] Pi3HI 3BITH JUIS MiJBUIICHHS MOTOKY
nepMmeaTy Ta yTpUMaHHS pO3YMHEHUX PEUYOBHH 1 3MEHILEHHS CIIOKUBAHHS €HEpril
MPOIIECy, BKJIOYAIOYU PO3pOOJEHI MeMOpaHHI MOAYJl Ta TIOpUIIHI CHCTEMHU
MeMOpaHHOI TUCTUIIALIT [6].

BB  pobounx  mapamerpiB MeMOpaHHOT  AMCTHIIALII ~ BUBYABCS
OaratopazoBo, ajne Jedki cdepu, MNOB’s3aHI 3 KOMEpIlai3alielo, Bce IIe
3aJIMIIAIOTHCS 11032 YBarow abo Majio JOCHiKYIOThCs. TakuM 4MHOM, HEOOXiTHA
CUJIbHA MOTHBALIS JUISl JOCHIIKEHb Yy 3aHEN0aHUX 00JacTsAX, TaKUX SIK JU3aiH
MeMOpaHHOTO MOyl 200 3MiIHHI MacIITaOyBaHHs, SIK B €KCIIEPUMEHTAILHUX, TaK
1 B MOJEIOIOUUX 00JIaCcTAX, B SKUX OTPUMaHI €KCIIEPUMEHTaJbHI J1aHi OyIayTh

HAJ3BUYaHO BUT1AHO KOPUCHUMU.
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V]IK 625.74

BILIMB HA JOBKLJLJISI TEXHOJIOTTYHUX IMTPOLIECIB ITPU
BYJIIBHUAIITBI MOCTOBUX MEPEXO/IIB TA TTIPOTEXHIYHUAX
CIIOPY [

no1.PyonsoB A.B., K.T.H.,
kag. MocTiB TyHeJiB Ta riagporexniyaux cnopya HTY
Beanuko H.M., c.H.c., Banux T.I., c.H.c.

Incturyr reponrosorii im.. JI.®. YeborapboBa HAMH Ykpainun

ByniBHUIITBO Ha akBaTOpisAx Ta OIS HHUX, 3aBXKIW BIUIUBAE HA JOBKIUIS, SK
Ha €KOCHUCTEMY NEBHUX OJIMHULIb peibedy, a TaKOXK Ha YyHIBEpCaJbHI MPUPOJIHI
pecypcu Ta (i3uyHI ABUINA, 10 HE MAIOTh YITKMX MEX, HAIPUKIa/] MOBITPsI, BOJA,
Ta HaBiTh KJiMat. binbiie 155 kpaiHn BU3HAIOTH, IO iX TPOMAJSIHU MalOTh MPABO
)KUTU B 3J0pPOBOMY Ta €KOJOTIYHO YHCTOMY JOBKULIlI Yy BIAMOBIIHOCTI €
3aKOHOJIJABCTBOM JIep>KaBH, a00 Yy BIAMOBIAHOCTI 3 TaKUMU MIKHAPOIHUMU
BIJIHOCHHAMU K BCECBITHSI nekaparlis npas JIOAUHU.

He3Baxaroun Ha 11 3acobu 3axucTty, 3a ouinkamu BO3, 23% Bcix cmepreit
MOB’SI3aHI 3 TAaKUMHU «EKOJOTIYHUMHU pPHU3MKaAMU», SIK 3a0pyJAHEHHS TMOBITPS,
3apa’kKeHHS BOJY Ta XIMIYHUM BIUIUB.

Teputopiss 1 HaBKOJMIIHE CEPEAOBHINE MICI OYIIBHHUIITBA, a TaKOX
OPUPOJIHI SBUILA, 110 BiAOYBAIOTHCSA B iXHIX MeXaX, MIJNA€ThCS CYTTEBUX 3MiH
€KOJIOTIYHMX TMMOKa3HMKIB, CTaH SKOTO JO0 MOo4YaTKy OyIiBHUIITBA , HEOOXITHO
OIMIHUTH MO KpurepisMm HOpM. OXOpoHa BOJHUX PECypciB 1 BOJOMOCTAYaHHS
perymoThcs  «BomgauM komekcom YKpaiHW», IMOCTaHOBAaMH, JepKaBHUMHU
cTaHjapTaMu, HopMamu. [IpaBoBiii 0XOpOHI HajeXkaTh BCl BOAM, IO BXOISThH B
CKJIaJ] €IUHOTO JEep>KaBHOTO BOJHOTO (OHIY — TOBEpxHEBI (piKH, 03€epa,
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BOJIOCXOBHIIA, KaHaJIM, CTaBKH), TEPUTOpPIlaldbHI BOJU, PHUOOOXOPOHHI 3OHHU.
OuiHUTHU SK1 BIUIMBU OYIyTh MaTH HE3BOPOTHI MPOIIECH MO CTaHy MOBITPsI, BOJIH,
BUMIPOMIHIOBaHHS,  CJNEKTPUYHOI  HANMPYrd W  MarHeTW3M,  ITOKa3HUKU
aHTPOIIOTEHHOT'O MOXO [KEHHSI.

BaxxnuBuM € BpaxyBaHHS MOAYJTIOBaHHS CUTYaIlli MPU HASIBHICTH MITYYHOTO
PETYIIOI0UOTO pycia 1 PETyISIiHHUX Cropy (m1aMO, mimop Ta iH.), BUHUKHEHHS
HECHPUSATIMBUX TEYIM 1 WIKIAJUBUX PYCIOBUX NepeopMyBaHHSA, BUHUKHEHHS
3aMyJIFOBaHHS JHA, 1[0 MPU3BO/IE IO PO3MUBY OJHUX AUISHOK pycia 1 BIAKIaACHHS
HAHOCIB Ha IHIIMX, JOCTaTHICTh (a00 HETOCTAaTHICTh) MEXKEHI TITUOMHHU PIKU B
MICTI PO3TaIlyBaHHs BO/103a00pYy, HASBHICTh JIHO3ArIMOJIEHb, TPEOeb.

3aradpbHUMHM 3a/1a4aMH OXOPOHHU BOJHOTO CEPEOBHIIA €:

- aHaJI13 CTaHy TOBEPXHEBUX 1 MIJ36MHUX BOJI;

- IIPOTHO3 CTaHy BOAHOro OacelHy B 3B’S3KYy 3 OyAIBHMLITBOM MOCTOBHX Ta
TIPOTEXHIYHUX CHIOPY/I;

- PO3pOOJICHHS CUCTEMU 3aXO/IIB TI0O OXOPOH1 MOBEPXHEBUX 1 MIA3EMHUX BOJT
B1JI BUCHQ)KEHHSI Ta 3a0pyIHCHHS.

Oco065MBO BaXJIMBE 3HAYEHHS BOJIOOXOPOHHI 3aX0JIM MAIOTh IS MalluX PiK
1 03ep, OCKIJIbKH 3aIllac BOJM B HUX HEBEJIMKI 1 MOXYTh OYTH JIETKO MOPYIIEH], 5K
N0 KUIBKOCTI, TaK 1 MO AKOCTI BOJU. BpaxoByrouM HEBEIMKI IJIOIII BOJ0300pIB
MajuX piK, BUpyOKa HaBITh BIJHOCHO HEBEJMKHUX IJISHOK JICY JJISl PO3MIIIEHHS
3eMJIIHOTO TOJIOTHA, OyAIBEIbHUX IJIOIIAJ0K, THMYACOBUX JOPIT MOXKE CYTTEBO
MO3HAYUTHUCS Ha iX BOJHOMY pPEXHUMI. 3HAYHE 3MEHIIIECHHS KIJTbKOCTI JIiCY BEJE 110
3HIDKCHHS IM1136MHOTO JKUBJICHHSI PIK, iX OOMUTIHHS B MEKCHHHMM MEpioj 1 HaBITh
710 TIepEeCUXaHHS.

JIist  OLIHKK CTaHy BOJHOTO CEpeIoBHUINa Tpeda BHU3HAYUTH CTYIIIHb
ICHyr04oro 3a0pyIHEHHs Ta Woro mepeadaudyBaHUM (3a po3paxyHKaMH) 3pICT B

3B’SI3KY 3 OyI1BHULTBOM:
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- B Mepioj] pO3TallyBaHHsS B BOJOOXOPOHHMUX 30HAX OyAIBEIbHUX IJIOIIAI0K
3 CEJIMIIEM, TOJITOHY MO BUTOTOBJICHHIO 301pHHMX 3aJ11300€TOHHUX KOHCTPYKIIIH,
0a3u MexaHi3arli,

- B IIEP10J1 eKCILTyaTaIiii.

OTtpumMaHa 3a po3paxyHKaMH CTYIiHb 3a0py/THEHHS BOJAHOTO CEPEOBHILA HE
NOBUHHA TIEPEBUIIYBATH BCTAHOBJEHI TPAHUYHO JOMYCTHUMI KOHIEHTpAIlii,
OCKIJIbKA KOXKHE BOJOMMHUIIE € COOO0I0 €IMHY eKocucTeMy. BusiBneHi mpoOnemu
OXOPOHU JOBKULIS MOTPIOHO BUPIIIYBATU 3 HAYKOBO-OOTPYHTOBAHHMX €KOJIOTTYHUX
NO3MUI[ifl, BpPaxOBYIOUM  BCTAHOBJIEHMMH HOPMaMHU BHUMOI  JUIs  YCIX

3eMJICKOPUCTYBa4iB B KOMILJICKCI.
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V]IK 676.128
ECOLOGICAL EXTRACTION OF VEGETABLE RAW MATERIAL
USING IONIC LIQUIDS

Graduate student Mykhailenko Nazarii, associate professor Trembus Irina
National Technical University of Ukraine

«Igor SikorskyKyiv Polytechnic Institute»

Abstract: the purpose of the work is to study an ecological way of obtaining
cellulose from plant raw matirials with usage ionic liquids. The effect of reagents
on the raw materials and the effect of temperature on the yield of cellulose was
investigated.

Key words: ionic liquid, raw materials, imidazolium

Plant raw materials are the most renewable resources on Earth and they
contain many valuable components. Currently, the search for ecological
technologies that allow complex processing of plant raw materials is a very
important task for the pulp and paper and chemical industry in general. Usage of
ionic liquids as a base for biomass processing is an alternative method of obtaining
lignocellulosic materials, which relate to the principles of green chemistry.
Complex processing of plant raw materials with usage of ionic liquids allows the
selective separation of hemicellulose, lignin and cellulose [1].

lonic liquids are salts that usually consist of large organic cation and an
organic or inorganic anion. The low energy of the lattice between the anion and the
cation leads to their low melting point, which is usually less than 100 °C. Thus,
these solvents have quite interesting properties that contribute to the penetration of
plant material into the cell and the dissolution of its components. These properties

are high chemical and thermal resistance, non-flammability and low vapor pressure
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[1]. It has been investigated that among all ionic liquids, those which contain
imidazolium ions are the most suitable for processing vegetable raw materials [2].
The imidazolium cation does not contain atoms with high electronegativity and
does not cause a decrease in the efficiency of the solvation process. It has small
size and does not cause spatial complications during intermolecular hydrogen
bonds formation [3]. Imidazolium cations that have widespread usage for
dissolving plant raw materials are 1-ethyl-3-methylimidazolium ([EMIM]), 1-
butyl-3-methylimidazolium ([BMIM]), 1-allyl-3-methylimidazolium ([JAMIM])
and 1-benzyl-3-methylimidazolium ([BnMIM]) [4]. Studies have shown that ionic
ligs like [EMIM] and [BMIM] are the best solvents for lignocellulosic materials,
compared to other liquids, because they have a fairly low melting point. Also, the
production of these substances has already been implemented in industry [5, 6].

The chemical composition of the anion also strongly affects the solubility
and selectivity of the ionic liquid [7]. Ehe acetate anion [OAc] due to its high
basicity, can effectively cleave the water bond and therefore provides better wood
dissolution compared to chloride [CI] [8]. It also has a higher ability to dissolve
lignin compared to chloride [9].

The results of processing wheat straw [EMIM][OAc] and the vyield of

lignocellulosic materials are shown in Table 1 [1].

Table 1 — Results of wheat straw processing [EMIM][OAc]

Temperature, °C Duration, hours Cellulose content, % Hemicellulose Lignin content, %
content, %
80 12 57,4 17,4 10,1
18 50,4 17,6 8,9
100 6 44,2 19,7 8,9
12 48,0 18,7 8,5
18 42,1 174 10,2
120 2 45,4 18,8 10,9
6 44,5 19,8 11,6
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140 2 38,4 20,8 6,9
6 37,1 18,2 7,6

So, the cellulose with the smallest number of inclusions was obtained after
treatment with [EMIM][OAc] at a temperature of 140 °C and a treatment duration
of 6 hour. It was possible to achieve complete dissolution of the components of
plant raw materials in such conditions. It can be concluded that during the cellulose
production process with usage of ionic liquids, the temperature is the most
significant condition and its increasing above 140 °C is undesirable. Such
conditions contribute to the decomposition of the polysaccharide part of plant raw
materials.

The usage of ionic liquids as reagents for the processing of raw materials
will enable its complex recycle and will allow the isolation of such components as
cellulose, hemicelluloses and lignin for their further processing. This technology
allows to regenerate the components of the cooking solution for their repeated
usage. The main disadvantage of using ionic substances as reagents for complex

processing is their high cost.
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Summary
General information and factors affecting cardboard aging are described. Quality
indicators of sodium cellulose from paulownia wood are given. The results of
artificial aging of fibers in cardboard were obtained.
IITYYHE CTAPIHHS BOJIOKOH IMABJIOBHII
D. Chernyshenko master, R. Cherepkina, associate professor,
National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic
Institutex»
Anomauyisn
Onucano 3aecanvHi gidomocmi ma @akmopu, SKI 6HIUBAIOMb HA CHMAPIHHSL
kapmony. Hasedeno nokaznuxu sAKOCMi HAMPOHHOI YenoIo3U 3 OepesuHuU

naenogtii. Ompumano pe3yibmamu wmy4Ho20 CMapinHs KaApmoHy.

The rapid development of technologies in various fields leads to significant
emissions of harmful substances into the environment. Air pollution with gaseous
products, especially with high acidity, is one of the main reasons for the negative
impact on paper and cardboard and their destruction.

The best semi-finished products for the production of cardboard with high
stabilization capabilities are cellulose sulfate from coniferous wood species, cotton,
flax, hemp, kenaf. However, due to their shortage, there is a constant search for
alternative sources of raw materials and semi-finished products from them, which

are able to provide various properties of cardboard. Therefore, pulp from
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hardwoods, as well as annual types of non-woody raw materials, are increasingly
being used in the composition of cardboard.

The diversity of the use of fibrous semi-finished products in the production
of paper and cardboard products, together with the effect on them of moisture,
oxygen, air ozone, is accompanied by yellowing and loss of mechanical strength.
All this leads to the aging of paper and cardboard.

Aging of cardboard, which is accompanied by a decrease in mechanical
strength, is caused by deep chemical changes in the cellulose macromolecule. Due
to its structure, natural cellulose is capable of oxidation and hydrolysis reactions, the
result of which is hydrolytic destruction catalyzed by cellulose acids, oxidative
destruction of cellulose under the influence of the environment, mechanochemical
destruction caused by mechanical loads during storage [1].

Therefore, there was a need to stabilize cardboard - one of the components
of document preservation, which has become extremely relevant in recent years.

Aging of cardboard is accelerated under the influence of light, increased
temperature and humidity, under the influence of biological pests, a sharp change in
the environment, composition, namely the presence of fibers obtained by an acidic
method, wood mass with a high content of lignin. Most of these factors depend on
the cardboard storage conditions, but we will pay more attention to the composition,
namely the fiber composition.

The degree of delignification or Kappa number is one of the most important
characteristics of the fibers, which shows the amount of lignin that is oxidized in the
cardboard. According to the international standard for durable cardboard and paper
ISO 9706-94, the value of this indicator should be less than 5 [1].

The purpose of this work is to study paulownia fibers in terms of aging and

their use for long-term storage cardboard.
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In the literature, sufficient attention is paid to the research of chemical
processing of paulownia into fibrous semi-finished products, since it belongs to fast-
growing trees.

The researchers determined the length of the fiber of paulownia wood,
which is equal to 0.97 mm and is similar to solid wood, the average specific gravity,
which is 0.35 g/cm®,

After boiling paulownia at a temperature of 163171 °C, for 120-150 min
and with an alkali concentration of 200 g/kg of wood, pulp with a Schopper—Rigler
degree of 23.2 °SR and a tensile index of 36.0 kN-m /kg [1, 4].

Since paulownia wood is becoming more and more widespread and, by its
structure, is a promising raw material for obtaining semi-finished products, we
conducted a study on the use of paulownia fibers in the manufacture of cardboard
intended for the preservation of documents [2, 3].

Methodology of delignification. Chips with dimensions of 30x8x2 mm were
subjected to delignification by the sodium method at the consumption of active
alkali of 20% per unit. Na,O from the mass of abs.dry raw materials. Cooking time
180 minutes; temperature 180 °C (temperature rise 50 min). Quality indicators of
fibrous semi-finished products are given in Table 1.

Table 1 — Quality indicators of the obtained fibrous semi-finished product

Physical and mechanical indicators of quality

Entrance, | Lign, _ _ Absolute strength during
Breaking Breaking _
% % resistance to repeated
force, gs length, m _ _ _
tearing, N bending, n.d.i.

45,57 8.5 11400 7000 112 > 9000

As can be seen from the data in the table, cellulose with high strength indicators
was obtained, which can be compared with sulfate.

The obtained cellulose was used for the production of cardboard. Cardboard
samples were made with a mass of 200 g/m?. To determine the resistance of fibers,

247



36ipuuk Te3 qonosigeil XXI11 mixkHapoaHOT HAYKOBO-NIPAKTHYHOI KOH(pepeHIlii CTy1eHTiB,
acnmipaHTiB i MoJsioAnX BYeHUX “Pecypcoenepro3oepirarwo4i TexHoJorii Ta 00JaHaHHA”

the samples were subjected to artificial aging at a temperature of 105 = 2 °C for 3, 6,

and 9 days. The results of the research are given in table. 2.

Table 2 — Cardboard quality indicators after artificial aging

_ Physical and mechanical indicators of quality
Duration of _
o _ _ ) strength during
artificial Breaking Breaking | Absolute resistance )

) _ repeated bending

aging, days | force, kgf length, m to tearing, N ‘
, K.p.p.

0 days 34 10900 333 9300

3 days 30 9400 295 4400

6 days 22 7000 213 3

9 days 14 4400 141 2

As can be seen from the obtained data, the greatest decrease is observed for the
breaking strength index during multiple bending, and the breaking length index
retains a third of its values.

Based on these results, it can be concluded that paulownia fibers can be
successfully used in a composition with long-fiber cellulose for the production of

cardboard with a long shelf life.
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ALKALINE DELIGNIFICATION OF PAULOWNIA WOOD
R. Cherepkina, Assoc. Prof., S. Yatsenko, master, A. Denysenko, Ph.D. student
National Technical University of Ukraine
“Igor Sikorsky Kyiv Polytechnic Institute”
Summary
Distinguishing features of the sulfate and sodium methods of wood delignification
are presented. Features of promising Lo-Solids technology are shown. Natron

boiling of paulownia wood is proposed.

JYKHA JEJITHI®IKALIS JEPEBUHU MABJOBHII
P. Yepnornkina, nonent, C. Auenko, marictp, A. JleHrCeHKo, acipaHT
HartionanpHuit TEXHIYHUN YHIBEPCUTET YKpaiHU
«KuiBchbKuii MOMTEXHIYHUHN THCTUTYT IMeHI [rops CiKOpchbKOTO»
Anomauyisn
Haseoeno e6iominni ocobausocmi cyrvghammnoeo ma HAmMpoOHHO20 CNOCoOI8
OenieHigixayii depesunu. Iloxazano ocobrusocmi nepcnekmuenoi mexuonoeii Lo-

Solids. 3anpononosarno nampoune eapinms Oepesuru NAGLOGHIL.

The global production of pulp is currently focused mainly on the sulfate
method, which is easily explained by the specific features of this semi-finished
product.

From an economic point of view, almost all types of wood can be processed
using the sulfate method, including those with a high resin content, sawmill waste,
and non-wood species. The obtained fibrous semi-finished products are
characterized by high paper-making properties compared to other methods,

including the sodium method.
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However, due to harmful gas emissions in the form of sulfur-containing
compounds, which are formed during cooking at sulfate-cellulose plants, this
production cannot be considered environmentally safe. It should be noted that
recently leading companies have been modernizing their production by using the
technology of more selective modified sulfate cooking with the deepening of
delignification of raw materials, as well as reducing emissions of toxic substances
into the environment [1]. Lo-Solids technology [1] can be attributed to such
progressive and industrially implemented methods. Its essence consists of the
partial selection of the spent solution after a certain technological operation and its
replacement with a cooking solution, which reduces the course of side reactions
between the carbohydrates of the wood residue and the dissolved substances of the
spent cheek. Such methods provide an increase in the strength of the semi-finished
product, shorten the duration of delignification and reduce the cooking
temperature.

Studies have proven that less destruction and dissolution of carbohydrates
during sulfate cooking is explained by the lower alkalinity of sulfate lye compared
to sodium lye at the same concentration of active alkali. The peculiarity of sodium
sulfide during cooking is reduced to maintaining alkalinity due to its hydrolysis
and preserving cellulose from destruction by alkali.

In the case of alkaline cooking by both sulfate and sodium methods, lignin
dissolves and goes into solution only under the action of NaOH, which is the same
for both methods.

However, delignification during sulfate cooking begins in the secondary
wall and ends in the middle plate. The lignin of the middle plate and the lignin
located in the corners between the cells begin to dissolve intensively only after the
removal of approximately 50 % of all lignin. After the removal of approximately
90 % of the lignin, the rate of delignification drops sharply, and the cellulose
begins to break down and dissolve.
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During sodium cooking, unlike sulfate cooking, delignification practically
stops after about half of the lignin goes into solution, which is explained by the
predominance of lignin condensation processes, which is accompanied by their
transformation into larger fragments and thus prevents its dissolution.

During sodium cooking, in contrast to the sulfate method, the active groups
of lignin are not protected from condensation, so the condensation processes
prevail over the destruction processes. Many researchers are engaged in solving
this issue.

The analysis of scientific publications shows that more and more attention is
paid to sodium fermentation, which can be an alternative to the sulfate method due
to the absence of sulfur compounds in the solution and obtaining comparable and
even better strength indicators, provided that various additives are added [2]. In the
article, Brazilian scientists propose to use anthraquinone, increased concentration
of sodium hydroxide, surface-active substances, and lignosulfonate during sodium
cooking of eucalyptus as additives.

Eucalyptus wood is delignified using Lo-Solids technology. This process
was chosen because it is most commonly used in new pulp mills. For comparison,
cooking was carried out with sulfate and sodium spray. It is shown that to achieve
the same degree of delignification, using the sodium method, it is necessary to use
higher amounts of active alkali and a higher temperature. However, the additives
used during cooking were effective, both individually and in combination, and
improved the cooking of sodium cellulose, and the yield of its pulp was 0.6 %
higher than that of the sulfate method.

The purpose of this work is to use the sodium cooking method for the
delignification of paulownia wood.

Boiling of wood chips was carried out in laboratory autoclaves. The boiling
solution was prepared with consumption of active alkali of 14 %, 18 %, and 22 %
in units of Na,O by weight of absolutely dry raw materials Impregnation was
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carried out for 45 minutes, gradually raising the temperature to 150 °C, and
cooking at the final temperature for 60 minutes and 90 minutes. The obtained
results of the quality of semi-finished products are shown in the table.

From the data in the table, it can be seen that with an increase in the
consumption of active alkali, the yield of semi-finished products naturally
decreases, the content of residual lignin, and the strength indicators increase. It
should also be noted that the duration of cooking for the same consumption of
active alkali has a greater influence on the degree of delignification and the
physical and mechanical properties of the semi-finished products obtained. The
output of semi-finished products is semi-cellulose, which can be recommended for

packaging types of cardboard and paper.

Table — Quality indicators of semi-finished products obtained by the sodium

method at different consumptions of active alkali and a temperature of 150 °C

Duration of | Consumption | Yield, | Lignin, Physical and mechanical indicators
cooking at of active % % Breaking Tear Absolute | Breaking
the final alkali, % length, | resistance, | compression | strength
temperature, m mN resistance, during
min kPa repeated
bending,
n.d.i.
14 88.9 19.7 7390 292 290 848
60 18 814 | 17.6 9080 282 322 1230
22 79.4 | 152 9300 300 365 1350
14 88.0 18.5 9190 295 303 906
90 18 69.2 15.6 9512 324 345 1525
22 63.8 12.6 10130 426 418 1806

To deepen the degree of delignification of paulownia by the natron method,

in further research, it is necessary to use the experience of Lo-Solids technology, as

well as catalysts, surfactants, and other additives that improve wood penetration

and enhance lignin destruction.
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YK 676.
THE USE OF THE FROTAPULPER APPLIANCE
D. Porokhov, master, R. Cherepkina, associate professor,
National Technical University of Ukraine «Igor Sikorsky Kyiv
Polytechnic Institute»
Summary

In the article are presented the advantages of using wrapping paper for
metal products. The effectiveness of the use of knife-less devices such as

Frotapulper for the preparation of cellulose for fibrillation is shown.

3ACTOCYBAHHA AITAPATA FROTAPULPER
D. Porokhov, master, R. Cherepkina, associate professor,
National Technical University of Ukraine «Igor Sikorsky Kyiv
Polytechnic Institute
Anomauis
Haeseoeno nepesacu 6UKOPUCNMIAHRHA NAKY6AJTIbHOCO nanepy ONisl Memanesux
supoois. Iloxazano epexmusnicms 3acmocy8anHs OE3HONCEBUX anapamie muny

Frotapulper o5 niocomosxu yenionosu 0o gibpunrosannsi.

The role of paper as a packaging material has long been used by people in
various fields. It is difficult to overestimate the role of paper in life, because at the
stage of strong economic development, the issue of environmental protection is
becoming very important. Based on the properties of easy recycling and
biodegradability of paper, its usage provides maximum benefits both in packaging
and disposal without harming the environment. One of the industries where
packaging paper is widely used is mechanical engineering. For the transportation
and storage of metal products, the goal is to protect them from corrosion, which is
enhanced by moisture [1].
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The industry produces special types of anticorrosive paper. The advantages
of this paper are that combining the functions of packaging and preservation
means, you can completely abandon the expensive and time-consuming
preservation of metal products with oils and greases. The product, packed in anti-
corrosion paper, is ready for use just after removing the packaging, which
simplifies the work of deconservation.

The base for such paper is made using cellulose. To give the paper anti-
corrosion properties, volatile corrosion inhibitors are added to the composition, or
impregnated with paraffin, which makes it waterproof.

As a rule, the overall economic efficiency of the use of anticorrosive paper
in the national economy, including the reduction of losses of metal products from
corrosion, is up to 5 - 15 thousand UAH per 1 ton of paper. That is, 1 m2 of
anticorrosive paper costing 0.1 UAH gives a profit of up to 1.5 UAH [2,3].

The use of anticorrosive papers is still insufficient and satisfies no
more than 10-20% of potential consumers of this paper. The task of expanding the
production and consumption of this product necessary for the national economy is
associated with solving the whole range of issues related to the organization of
packaging, preservation, transportation and storage of metal products.

As for the technology of wrapping paper production, it is necessary to
choose the right equipment and raw materials to ensure high quality and
competitive products. The first stage is the preparation of pulp, that is, grinding,
which requires the correct selection and use of equipment.

It should be noted that highly efficient disc mills are used for fibrillation of
cellulose fibers, which leads to an increase in the strength of both individual fibers
and paper in general. However, during grinding with the use of these devices there
IS a negative impact that leads to shortening of the fibers. Therefore, technologists

and scientists are constantly looking for a balance between fibrillation of fibers and
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reduction of their shortening. One of such solutions can be the use of knife-less

apparatus in the grinding process. Such devices include Frotapulper (Fig. 1).
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Figure 1 - Schematic diagram of Frotapulper

1 - body, 2 - mechanism for adjusting the discharge gap,
3 - discharge gap, 4 - shaft, 5 - front cover, ¢ - grinding screw, 7 - top cover, 8 - feed screw

The feature of this device is that the pulp at a concentration of 25...35 % abs.
dry fiber is picked up by the coils and enters the processing zone. In the working
gap between the turns of worms for grinding, there is an intensive processing of
fibers under the action of compression and shear forces. There are significant
friction forces of the fibers between each other and the metal surface inside the
machine.

In this apparatus, normal forces with a slight shear have the main influence
on the fibers in the interstrand gap. This effect leads to effective processing of the

fibrous semi-finished product without significant shortening of the fibers.
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The processed material is discharged through the annular gaps formed by the
inner conical surfaces of the side cover and the blade screws. A lever-loading
mechanism is used to automatically adjust the unloading of the processed mass. To
improve the quality of processing the mass, the screws in the working area can be
with special notches on the crests of the turns.

There are various modifications of the Frotapulper apparatus, for example,
with screws with a reverse pitch at the end of the working part to delay the mass in
the machine body, with adjustment of the inter-turn gap, with special rings instead
of screws, etc.

The Frotapulper is used primarily as a fiber pretreatment machine before
grinding in the production of packaging paper and board, for the treatment of waste
paper, sorting waste and sulphate pulp. In the technological scheme, for example,
sulphate coniferous pulp is firstly ground at a low concentration of 5...6% abs. dry
fiber, then thickened and passed through the Frotapulper at a concentration of
30...32% abs. dry fiber. Final grinding also takes place at low concentration in disc
mills [4].
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CELLULOSE - AN ALTERNATIVE RAW MATERIAL FOR THE
PRODUCTION OF PACKAGING MATERIAL
O. Opnosa, master, R. Cherepkina, Assoc. Prof.,
National Technical University of Ukraine
“Igor Sikorsky Kyiv Polytechnic Institute”
Summary
An analysis of articles was carried out to determine the relevance of the
production of cellulose-based packaging. The importance of ecological packaging

Is shown through the adoption of directives and laws to limit the use of plastic.

HEJIIOJIO3A — AIBTEPHATUBHA CUPOBHUHA JUIA
BUPOBHUILTBA TAKYBAJIBHOT'O MATEPIAJTY
O. Opnosa, marict, P. Uepbonikina, JOIIEHT
HauionanbHuil TEXHIYHUNA YHIBEPCUTET YKpaiHU
«KuiBchbKuii MOMTEXHIYHUHN THCTUTYT IMeHI [rops CiKOpChbKOTO»

Anomauyis

IIposedeno awnaniz cmameii 018 BUSHAYEHHS AKMYATbHOCMI BUSOMGIEHHS
NAaKy8aHHs HA OCHOSI yeatono3u. 11okazano 8axcaugicms eKol02iYH020 NAK)EAHHS
uepez NpUUHAMMS OUPEKMUE Ma 3aKOHI8 U000 OOMENCeHHS BUKOPUCTIAHHSL

niacmukKy.

Nowadays, non-degradable plastic packaging materials cause serious
problems with environmental pollution and threaten human health. As the standard
of living increases, consumers around the world are gradually switching to organic

products, if possible, abandoning polyethylene and plastic.
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The rapid development of the industry, caused, among other things, by the
COVID-19 pandemic has led to the redistribution of cardboard and paper products
in favor of packaging types. Therefore, packaging plays an important role in the
life of each of us.

The use of biodegradable packaging materials can help solve the problem of
waste accumulation and significantly improve the ecological state of the
environment.

Analysis of search results in journals that are part of the Web of Science
scientometric database, from 2019 to 2021, 10,254 scientific articles were
published on cellulose-based materials, and 404, i.e. 3.94% of them, were related
to the application of packaging [3]. In part, this pattern is explained by the fact
that, for example, EU member states have created an action plan for the regulation
and use of plastic and its full recycling cycle for the period from 2015 to 2020.
However, to date, changes are being made to the EU directives regarding plastic
recycling, as this issue requires constant review and control [1, 3].

The main disadvantages of using plastic packaging include the ecological
burden on the environment, high economic costs, including oil. And these are only
a number of disadvantages that packaging products based on plastic have in
comparison with containers made of cellulose.

The question of alternative replacement of plastic and polyethylene with
ecological packaging, which includes paper and cardboard, usually arises. The
environmental friendliness of this packaging is primarily rapid biodegradation,
composting, and low cost. According to manufacturers' forecasts, the cumulative
annual growth rate of cellulose packaging production may reach up to 5% in the
period from 2018 to 2028. Seventy percent of this growth is expected to come

from the food and beverage sector [2].
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Polish scientists in the article "Bacterial nanocellulose - a polymer on a
biological basis for food packaging” reviewed recent discoveries in the use of
cellulose in the biopackaging industry [3].

It is noted that bacterial nanocellulose has a wide range of applications in
food packaging. In general, bio-based packaging should provide chemical,
biological and mechanical protection of the product. In this regard, the main
advantages of using bionanocellulose in the food industry are biodegradability,
lack of toxicity, and high mechanical strength. The main advantage of this material
over other biopolymers is the fact that the stationary bacterial culture has a full-
sized, relatively thick membrane that exhibits high mechanical properties, which
can only be used as the original packaging material after cleaning and drying [2].

As a result, the production of packaging based on nanocellulose is currently
one of the most dynamically developed trends in the food industry, which has a
positive effect on the environment, human health and the quality of the stored food
product. Despite the fact that there are still many problems with BNC-based
packaging materials, according to international and global conferences,
approximately 62% of European consumers are willing to pay more for packaging
that contains less plastic.

It is necessary to note significant positive changes in the attitude towards
packaging in the form of paper and cardboard in our country. This position is
embodied in the adopted law "On limiting the circulation of plastic bags in the
territory of Ukraine” (Vidomosti Verkhovna Rada of Ukraine (VVR), 2021, No.
31, Article 252).

The law is aimed at reducing the volume of use of plastic bags in Ukraine,
limiting their distribution in order to improve the state of the environment and
beautify territories [4].

Now the question is not about reducing the circulation of plastic, but about
refusing it in general, looking for alternative types of packaging for different types
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of use. Therefore, the use of cellulose-based materials is promising and has

enormous potential.
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Improvement of the waste sorting line of electronic and electrical equipment
Master's student Ksenia Khoma', Assoc. Prof. Halysh V.
' _ Igor Sikorsky Kyiv Polytechnic Institute,
2_ 0.0. Chuiko Institute of Surface Chemistry of NASU

In this paper the possibility of improvement of the waste sorting line of
electronic and electrical equipment was established. Brominated flame retardants
are a harmful component of plastics. Effective recycling of secondary polymer
materials is associated with effective removal of materials that contain brominated
flame retardants. It is necessary and urgent to develop an effective method of their
identification in order to remove them from the technological process and prevent
their repeated processing.

Keywords: sorting, polymers, waste, recycling, utilization.

B naniit po60TI BCTAHOBJIEHO MOKJIMBICTh BAOCKOHAJIEHHS JiHIT COPTYBaHHS
BIJIXOJIIB €JICKTPOHHOTO Ta €JIEeKTPUYHOro oOJaaHaHHsA. bpomMoBaHi aHTHUIIIpEHU €
IIKIJJIMBAM ~ KOMIIOHEHTOM IutacTMac. EdexkTtuBHa mnepepoOka BTOPUHHHUX
MOJIIMEPHUX MaTepialiB MOB'A3aHa 3 €(EeKTUBHUM BUJAJICHHSIM MaTepialliB, fKl
MICTATh OpoMOBaH1 aHTUIpeHH. HeoOXiHOW Ta aKTyaJdbHOI € po3poOKa
e(heKTUBHOTO CTOCO0Y iX 1AeHTU(IKaIlI] 3 METOI iX BUIYUYECHHS 3 TEXHOJOTTYHOTO
IPOLECY HEAOMYIIEHHS TOBTOPHOT'O iX MepepoOIeHHS.

KirouoBi cnoBa: copTyBaHHS, TIOJIIMEPH, BIIXOIH, IEPepOOKa, YTUITi3allisl.

Plastics are considered persistent pollutants, most of which are non-
biodegradable, and the production and use of biodegradable plastics still needs to
be thoroughly investigated, as not all of them are fully biodegradable in the NS.
Non-biodegradable polymers can be degraded by physical and chemical factors,
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and the effect of the above degradation mechanisms is brittleness and
fragmentation of polymers into smaller parts.

Polymers have many properties, which makes them an attractive and
irreplaceable material for various fields of application, but this variety also leads to
a diverse flow of waste, a significant part of which enters the environment and
becomes the cause of various negative ecological, economic and social
consequences. This state of affairs gave impetus to the formation of strict
legislation established by the European Union, according to which 50% of plastic
packaging must be recycled by 2025 and 55% by 2030.

At the European level, the policy of greening is actively implemented in the
context of the fight against excess plastic. Ukraine took the first step in the fight
against the excessive use of plastic by adopting the Law "On Limiting the
Circulation of Plastic Bags in the Territory of Ukraine" dated June 1, 2021, which
is aimed at reducing the volume of use of plastic bags, limiting their distribution on
the territory of Ukraine, as well as stimulating the development of the production
of biodegradable plastic bags.

Brominated flame retardants (BFRs) are not only found in many household,
medical and consumer products, but are now ubiquitous in our environment. Over
the past decade, scientists have detected BFRs in human and wildlife tissues, as
well as in house dust, sediment, sewage sludge, air, soil, and water samples in the
United States, Canada, northern Europe, Taiwan, and Japan.

It is necessary to modernize the existing sorting lines for secondary polymer
materials to remove from the processing the polymers containing flame retardants.
For this purpose, it is necessary to develop an effective method of their
identification. IR spectroscopy can be used to identify flame retardants in

polymeric materials.
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The aim of the present work was to investigate the process of IR
identification of flame retardants in polymer materials with different
concentrations of harmful compounds.

Polystyrene was used as a starting material. 3,3',5,5'-tetrabromobisphenol A
with a concentration of 97% was used to modify polystyrene. The structure of
tetrabromobisphenol A is shown on Fig. 1. This compound is formed by the
reaction of bromine with bisphenol A. Its flame retardant properties are related to
the percentage of bromine. Annual consumption in Europe is estimated at 6,200
tons in 2004.

H;C CHs
Br Br

HO OH
Br Br

Figure 1 — Structure of tetrabromobisphenol A.

Plastic of 3g = 0.05¢g and 3,3',5,5'-tetrabromobisphenol A required to create
a sample of the given composition were weighed on analytical scales. An aliquot
was poured into a cell with a heater. A thermocouple connected to a multimeter is
installed in the hole in the cell to control the temperature of the cell. A voltage of
150 V is set until the cell reaches a temperature 15 degrees below the required
temperature. After that, the voltage is reduced until the constant value of the
temperature is set on the multimeter (during the setting of the constant value, the
temperature will still rise). During 10-20 minutes, maintain a constant
temperature of product softening. After the sample has softened, the tablet was

pressed at the pressure in the range from 10 to 15 atm for 15 minutes. Then the
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voltage was turned off and the temperature was reduced to 50 °C. After cooling
the cell to room temperature, the sample was removed and analyzed on a
spectrophotometer. In this way, the minimum concentration of 3,3'5,5'-
tetrabromobisphenol A that can be identified on the IR spectrum was determined.

Thus, it can be concluded that infrared spectroscopy can be effectively used
in the process of sorting polymer waste form electronic and electrical equipment
for the effective removal of polymer materials containing 3,3,5,5'-
tetrabromobisphenol A. The conducted research opens up new ways of

modernizing the existing sorting lines.
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AITPOKCUMALIA JUCITIEPCHOTI'O CKUIAZAY I'YMIHOBO-

MIHEPAJIBHUX TBEPJINUX KOMIIO3UTIB
cT. Bukiaagad Cauok P.B.
HauionanbHuil TexHiYHMI yHIBepcuTeT YKpaiHu
«KuiBcbkuii noJirexniyauii incruryt iMeni Iropst Cikopcbkoro»
Anomauia. Haeedeno anpoxcumayilo OucnepcHo20 ckiady 2yMIiHOGO-

MIHEPAIbHUX KOMRO3UMI8 ma nioxoou 00 ii po3paxyHKy

Knwuogi cnosa: sucHasxicents ipynmis, 2yMiHO80-MIHEPAIbHI KOMIOSUMU.

JIO OCHOBHMX TPWUYUH 3aroCTPEHHS CBITOBOi MPOJIOBOJBYOI KpHU3U
BiIHOCUTKCA 3MiHa cTpykTypu BBIIL. ¥V XXI cromitti 3Hauna yactka BBII kpain
CBITY BUPOOJIIE€THCS B cepl MOCIAYr, YacTKa X PEalbHOTO CEKTOpa €KOHOMIKHU
ckopotunacs 10 15-20%. Ha mpoaykiito arpornpomuciioBoro komiuiekcy y BBII
HUHI npunamae Mmeaie 8-10%.

3 iHmoro OOKy, JAe(pIUUT MNPOAOBOJIBYMX PECYPCIB  3yMOBIICHUN
HacamIepel, HEKOHTPOJIbOBAaHMM  3POCTaHHSIM  OOCATIB  CHOXHUBaHHSA  Ta
30UTbLIEHHSIM HacesneHHs. BignosigHo no matepianmiB [1], 2015 poky ouikyeThcs
30UTbIIEHHS! KIIBKOCTI kuTeniB 3emu e Ha 1 mapa. ToOTo, npupicT HaceneHHs
wiaHeTy 3a mepmrn 15 pokiB XXI cromitrst craHoBuTHUMe Onm3bko 16%, TOmI1
K TIOCIBHI TUIOLII MUIEHUII B YChOMY CBITI 3a L€l mepioj] 301IbIIaThCs JIMILE
Ha 2,5-3%, a pucy B3aram ckopoTatbes Ha 0,8-1%. [1]

Jliist 3a0e3meueHHs MPOI0BOJIbUUX MOTPEO 3pOCTAIOYOr0 HACENEHHsS 3emi
y HalOmmx4i 30 pokiB Tpeba Oyne 30UTBLINTH POJYKTUBHICTb
CLTBCHKOTOCTIOAAPCHKOTO BUPOOHMIITBA IIIOHAWMEHIIIE Yy TIIBTOPA pa3u B CBITOBOMY
MacmTabi Ta yABIYl — y KpaiHax, 10 PO3BUBAIOTHCS.

[pyHT — L NpUPOAHil KamiTay, BiJ SKOr0 3HAYHOK MIpPOIO 3AIEKHUTH
KUTTS 1 (YHKIIOHYBaHHS Bci€i exkocuctemMu. llpuHuun paiioHanabHOTrO
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BUKOPUCTAHHSA KOXHOI OCBOEHOI IPYHTOBOI JUISHKH J03BOJISIE 3a0€3MEYUTH
€KOJIOT14YHY PiBHOBAry JOBKIJLIA.

i 3amaui € akTyanbHUMH 1 Ui YKpaiHd. 3a po3paxyHKaMH BUCHUX,
yKpaiHCbKa 3eMJisi 3/1aTHa 3a0e3MeYuTH NpoJoBOJbCTBOM MoHaA 300 wmuiH.
YOJIOBIK., npu  yMOBI BIIPOBA/UKCHHS ~ MPUHIUMIB  PalliOHATBHOTO
3eMJICKOPUCTYBAHHS, 30KpeMa IPorpamMu 3 BiTHOBJICHHS POIIOYOCTI IPYHTIB.

Cepen KOMIUIEKCHUX 3aXOiB, CIIPSIMOBAHUX Ha BUPIIICHHS Ili€i 3aaadi,
BAXJIMBE MICLE 3aliMae CTBOPEHHS HOBOI'O MOKOJIIHHS MIHEPaTbHO-TYMIHOBHX
n00puB, siIKi 0 KOMIIEHCYBAJIM BTPATH HE TUIbKU MIHEpAJIbHUX, ajieé i TYMIHOBHX
pPEYOBUH, Ta crpusiM O e(PEeKTUBHUM IPOLIECaM I'PYHTOYTBOPEHHS 1 30€peKEHHIO

€KOJIOTYHOI PIBHOBArH.

B sKocTI CHpOBUMHU 3alpONIOHOBAHO BUKOPUCTOBYBATH BIIXOAM XIMIYHOI
Ta BYIJIEAOOYBHOI MPOMUCIOBOCTI. Biixoau XIMIYHOT IPOMHUCTIOBOCTI CKJIAJAat0Th
Outs 35 MIH. TOH, B TOMY 4YHCJl HIOPIYHO HA BITYM3HSHUX BHUPOOHUIITBAX
YTBOPIOETBCS 10 500 THC. M® BOAHHX PO3YHHIB CyIbdaTy aMOHi0 Ta 10 1 THc. M
amiayHoi BOJIM, a IPH BUAOOYTKY 1 30arauyeHHi1 ByTrijuis Ta MPOBEACHH] PO3KPUBHUX

poOiT — O1bIIe 150 MITH. M MOPOJIH.

MiHepanbHO-TyMiHOBI ~ J0OpuMBa 3  PIBHOMIPHUM  PO3IMOAUICHHSM
MiHEpaATbHUX, TYMIHOBHUX, PO3KHUCITIOIOUNX Ta MOXHBHUX KOMIIOHEHTIB 0 BCHOMY
00'eMy TpaHyJW 31 3MIHHHUM CITIBBIJIHOIIEHHSIM KOMIIOHEHTIB B 3aJICKHOCTI BIJT
PErioHy iX 3aCTOCYBaHHS MarOTh 30€perTd pOAIOYICTh IPYHTIB,l, SIK HACIIJOK,
BIIPOBAIUTH MPUHIUIHU PaLlIOHAIBHOTO 3€MJIEKOPUCTYBAHHS, 10 3MEHILIUTh BIUIHB

MIPOJOBOJILYO1 KPU3H.

Tomy  po3pobOiieHHST ~ epEeKTHUBHOTO  Tpollecy  JJIg  OJep KaHHS
OaraTtonrapoBUX MiHEPATbHO-TYMIHOBUX TBEPJUX KOMIIO3UTIB Ta OOJIaTHAHHS IS

WOro IMPOBCACHHS € aKTYaJIbHUM.
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Ha pucynky | HaBeneHO MOpIBHSHHS 3aJaHOTO JMCIEPCHOTO CKIIAIY
TOTOBOTO MPOJYKTY, KpUBA 2, Ta peaIbHOT0 MaCOBOTO PO3MOIIICHHS, KpuBa 1.

Amnpokcumariist  Oyfa MpOBEACHA EMOIPUYHOIO (PYHKII€I0 Tramma-
PO3MOALIEHHS. 3 BU3HAYCHHSM ii MapaMeTpiB METOJAOM HalMEHIIMX KBaJpaTiB.

Cepenns noxubOka ckiagae 2,6%.

Gi, 1/mm
0,7

: A
014 .'7 \/\
, ,/ \

03 1
0,2
0,1
oz
0 1 2 3

Pucynox 1 — [lopiBHSIHHS MacOBOT'O PO3MOIUICHHS IPaHyJ 3a pO3MipamMu B
arapaTi T'yMiHOBO-a30THHX KOMIIO3UTIB B yCTAJICHOMY IpOIIeci

1 — excnepuMeHTaNIbHE, 2 — po3paxyHKoBe (3ananuii De=)2,3 Mmm

Takum  9uMHOM, MOXXHa 3pOOWTH  BHCHOBOK, IO  PO3PaxyHOK
aNPOKCUMYIOUHMX KOEPIIIEHTIB eMIipruuHOi (QYyHKIIT MOXe OyTH BUKOPUCTAHUMN B
NOJANBIIOMY JUIsl cTa0umi3alii JHUCIIEPCHOTO CKJIaQy MIHEpalbHO-TYMIHOBHX

KOMIIO3HUTIB.

IlepeJik mocujianb:
1. MinictepctBo cinbebkoro rocmomapctBa CIIIA  [Emexktponuuit
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3ACTOCYBAHHSA MATEPIAJIIB 3 PA30BUM IIEPEXO/I0OM B
MOBIJIBHUX TEIIVIOBUX AKYMYJIATOPAX
K.T.H., ip. H. ¢. Konuk A.B., np. imxenep Xomenko M. B.

IncTuryT Texniunoi temnodizukn HAH Ykpainu

AKyMyTIOBaHHS TEIUIOTH HaOyBa€ IIUPOKOTO PpO3MOBCIOMKEHHS Ha
KOXXHOMY 3 €TaliB TEIUIONOCTAaYaHHs: TMpU TIeHepallii, TpaHCHOPTyBaHHI,
PO3NOJAUIEHHI Ta y CIIOXMBa4ya. 3aCTOCYBaHHS PI3HUX TEXHOJOTINA Ta 00JagHAHHS
JI03BOJIsI€ 3a0€3MEUUTH PI3HY TEIUIOBY MOTYXHICTh, TEMIEPAaTypHUI Jlana3oH Ta
yac axkyMmymoBaHHS. OaHMM 3 HallOUIbII MEpPCHEKTUBHUX HANpPSAMKIB €
aKyMYyJIIOBaHHS Ha OCHOBI TEXHOJOT1i MPUXOBAHOTO (JIATEHTHOTO) 30epiraHHs
eHeprii abo TtemnoTu (azoBoro nmepexoay. B skocti pobGodoro Tina
BUKOPUCTOBYIOTh MaTepiaii abo pedoBUHM 3 (Ha30BUM mepexogoM. Taky
TEXHOJIOTII0 3aCTOCOBYIOTb y MOOUIBHHUX TEIUIOBUX aKyMYJSITOpaX, OCKUIbKU
OCHOBHOIO I1€PEBArol0 € 3HayHa TEIJIONPOAYKTHUBHICTb MPHU BIIHOCHO HE BEJIMKHUX
o0’emax. TakoX BaXJMBUM AacHEKTOM € TEeMIEepaTypHU [lana3oH, SKHUM
3a0e3MeuyeThCsl TEMIIepaTyporo (a3zoBoro mepexoay MiaiopaHoi PEeYOBUHH YU

Marepiany.

Heo0xi1HO 3a3HAaYMUTH, 1110 HE ICHY€ YHIBEPCAIBHOTO MaTepiaily 3 (a30BUM
nepexogom (maimi PCM, Phase Change Materials), mo 3a0e3neuye pi3Hi poOoui
TEMIIepaTypyd Ta IHIII TEXHOJIOTIYHI MOKAa3HUKU. TOMy HOBUM HaIMpsIMKOM Yy
XIMIYHUX TEXHOJIOTISX, 110 JUHAMIYHO PO3BHBAETHCS, € CTBOPECHHSI KOMIIO3UIIIN
MarepiamiB 3 (a30oBUM  TEPEXOJOM 3  PI3SHOMAHITHUMH  TEIJIOBUMH
XapaKTepuCTHKaMu. BaxnuBuM (HakTopoM iX 3aCTOCYBaHHS € HETOKCHUYHICTD,
MOXKEK0-BUOYX00€3nedHICTh, ockuibku PCM mpairoe B €MHOCTI, 1[0 BECh 4ac

PYXa€TbCAa rpOMaACbKUMHU MIJIIXaMU.
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Jns orpuManHs skicHHUX 1 Oe3neunux PCM B Institute Fraunhofer
UMSICHT Ha OCHOBI KOMIUIEKCHHX POOIT po3pobiieH0 [JoKyMeHT [1] 3
OCHOBHHMMM TOHSATTSMH, TTapaMeTpaMH Ta METOJOJIOTIEI0, 33 KO BiAOYBaeThCA

JOCITIKeHHS 1 cepTu(dikalliss HOBUX MaTepialliB 3 (pa30oBUM MEPEXO0M.

3rigHo [1] OCHOBHUMH MapaMmeTpamH, IO PETJaMEHTYIOTh aJIeKBaTHY

po6oty PCM 1 HOpMYIOTBCH €:

- Jliarna3oH Temmeparyp (a3oBOro mnepexoay 1 KUIbKICTh HAKOMUYEHOI
teroBoi eHeprii (1m.3.5.1.1 [lo3BoseHi meroau BuMiproBanHs, 1.3.5.1.2 3mict
pe3ynbTaTiB BUIPOOYBaHb Ta MPOTOKONMY BUNpoOyBaHHsA, 1M.3.5.1.3 Bukonanus

BUMIPIOBAHHS );

- TemIonpoBiHICTh (1.3.5.2.1 Jlo3BoJieHI METOIU BUMIpIOBaHHs, 1.3.5.2.2
3MICT pe3yabTaTiB BUIPOOYBaHb Ta MPOTOKONY BUIpoOyBaHHs, 11.3.5.2.3

BukoHaHHSI BUMIPIOBaHHS );

- cTabuIbHICTH TpH TepMmormkiaoBanHi (1m.3.5.3.1 Jlo3Bosieni MeTonu
BuMiptoBaHHs, 11.3.5.3.2 3micT pe3ynbTaTiB BUOPOOYBaHb Ta IPOTOKOIY

BUNPOOYyBaHHs, 1.3.5.3.3 BukoHaHHs BUMIpIOBaHHS);
- IepeBipKa KPUTEPIiB SIKOCTI.

3a octanHi poku B €Bpomni, Kutai ta SAnonii Oynu nmodyaoBaHl MOO1IbHI
TeroBl akymynsropu (mami M-TES, Mobile Thermal Energy Storage), mro
3aCTOCOBYIOTh Di3HI 3a ckiagoMm PCM. IlepeBaxkHo, 1€ KOMIIO3WIIi, 110 Oyu
CTBOPEHI JJisl IEBHUX YMOB, B AKUX Mpaloe Koxxuuit okpemuit M-TES, Bigctanb
TpaHcTopTyBaHHs Bif 2 a0 20 KM BiJ /pKepelia TEIJIOTH 10 croxkuBada [2]. Y

Tabnwuii 1 mpeacTaBiIeHO OCHOBHI XapaKTePUCTUKUA TPAHCTIOPTYBAHHS.
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Tabnuis 1. — XapakTepucTUKU TPaHCIIOPTYBaHHS TeI10BOi eHeprii M-TES

Tenosa PCM, xepeno CnoxwuBau | JIuctaniis | Po3poOHuK
MPOIYK- 00’eM TEIUIOTH TPAHCTIOPT
TUBHICTb yBaHHS,
KM
1 2 3 4 5 6
200 TPUTigpaT Oynb-siKe - - Institute
kBt/ron | amerary 3 Fraunhofer
HATPIIO | TEMIIEPaTyporo UMSICHT [3]
no 115
2,3 Zeolite | map Bix cmiTTeE- VIS 7 research center
MBrt/ron | (14 tons) | cnamoBaJbHOT | 3apsKaHHS ZAE  Bayern
0 3aBOJY CXOBHIIIA [4]
rapsauM
noBiTpsim 130
°Ci
nporecy
CYIIIHHS
4 TiIPOKCHU]I | BiATpaIibOBaHE KyXHI - by LSG Sky
MBrTt/ron | 06apiro TEIUIO Bif SJICKTPOCTAHII Chefs, Cologne
(25 M°, | enexrpocraHii i [5]
LSG Sky
Chefs)
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[Tponorxenns Tabdmuii 1
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2 3 4 5 6
- Bi/IMpaIriboBaHa nonepeAni | 20
mapa 3aBoOJLy igirpis Osaka, Japan [6]
CJIEKTPOHIKU 3BOPOTHOI
SANYO BOJIM KOTJIa
- TEI10 30Upanoch 3 Mmiceka | 2,5
OUYMCHUX CHIOPYA Y | TIMHa3is
M. Kiiioce
- yTHITI3aIi1 rpomajachka | 3
BHUXJIOTTHAX Ja3HsA
rasiB 13 neui
BiJIITAITY
CTaJICIMBAPHOTO
3aBoy B M. Ocaka
HECM-WDO03 3 | BianpamnboBaHe CycCiHi - | Zhongyineng
5 J0JJaBaHHSIM TETLIO0 roreni (Beijing)

I'JTx piako- CTaJIEBapHOTO Technology Co,
3eMEJIbHIX 3aBONY B China [7]
€JIEMEHTIB M. JlansiHa

- BiJIIpaIibOBaHa omaneHHss | - |Qingdao Aohuan
napa CYCITHBOT New Energy
CJIEKTPOCTAHIIIT HIKOJIN Group Co., Ltd.,
China [8]
3actocyBanHgd M-TES no3Bosisie BUPIIIUTUA HU3ZKY OpoOsieM, OB’ I3aHUX 3
3a0€3MEUYCHHSIM  BIIJIAJICHUX  TMOOJWHOKUX  CIIOKWBAa4yiB TPU BUHUKHEHHI
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HaJ3BUYAHHUX CcHUTyarlii. Maibke y BcCiX BuUIAgkax BuUKopucTaHHs M-TES
JKEPEJIOM TEIUIOTH € TIOTY>KHI BTOPUHHI PeCcypcH, 10 po3TaIlloBaH1 HEMOIAIK Bij
cnoxkuBada. BTEP, mo BUBITBHSIOTECS i 4ac poOOTH MiANPUEMCTB, I03BOJISIOTH
3HU3UTU HE JIMIIE BUKUAM B OTOUYIOYE CEpelOBUINE, a MW 3acTOCyBaTH iX 3
MakcUMajbHOIO BHUroaoio. TeruioBa eHepris Bim BTEP mae pi3HI mOTyXHOCTI,
ToMy 1 oOmagnanHs, a came PCM migibpaHo BiAMOBIAHO A0 BUXIAHUX YMOB. Y
KO’)KHOMY 3 OINHMCAaHWUX BHIMAAKIB BUKOpHCTOBYBaiau pizHi PCM wmartepianm, 1o
BIJIOBIJIAIOTh PEAJbHUM YMOBaM eKcIulyaramii. Sk mnpaBwio, iX ckiuag Ta
XapaKTEPUCTUKU € TPEIMETOM 3aXHUIIECHUM IPaBOM IHTEICKTYyaJIbHOI BJIACHOCTI,

TOMY TEXHIYHUX XapPaKTCPHUCTHUKU HC PO3TOJIOIIYIOTHCA.

B Incturyti texniunoi remno¢pizuku HAH VYkpainu npoBoastecs poOoTH
Haj ckiagoM PCM matepianiiB, IO MOXYTh 3aCTOCOBYBAaTHCh B O0’€Mi Ta IMpHU
BUTIKaHHI B KaHanmax [9-12]. YactuHa po3poOOK BUKOpUCTaHA B MOOUIBHOMY

akymynaropi 0,5 MBT y sIKOCT1 akyMyJISLIHHOL p1UHU.
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Pimenns
XXHI mixxHApOAHOT HAYKOBO-TIPAKTUYHOI KOH(EpEeHIIil
CTYZCHTIB, aclipaHTIB 1 MOJOJUX BUYCHHX.
«Pecypcoenepro3bepirarodi TEXHOIOT11 1 00IaTHAHHS

Ha 3akmiouHoMmy 1uieHapHOMY 3acifjaHHi KoH(epeHIi Oyio MNpHIHATO
HACTYITHE PIllICHHS:

1. Po6oty Pagu monoaux BYeHUX IHCTUTYTY TexHIuHOI Terodizuku [TTD
HAH Vkpainu, Opranizaimiiinoro komitery HarioHanbHOro TEXHIYHOTO
yHiBepcuTeTy VYKpaiHu «KuiBChbKMM TOMTEXHIYHUN 1HCTUTYT iMeHi Irops
Cikopcbkoroy, Inctutyry I'asy HAH Vkpainu ta IlporpamHoro komitety 3
MIJTOTOBKH Ta MPOBEACHHS 3aXO0JIIB Y paMKax MIXKHAPOJIHOT HAYKOBO-TPAKTHUYHOI
KOHpepeHITii «PECYPCOEHEPI'O-3BEPIT"AOUYI TEXHOJIOI'II TA
OBJIAIHAHH» cxBanutu.

2. 3a pe3yiabTaTamMu OOTrOBOPEHHS MPEJICTAaBICHMX Ha KOH(pepeHuli
JIOTIOBIIC  BU3HATH TIEPCIICKTUBHICTh BUKOHAHWX JOCTIIKEHb Ta CXBAJIUTH
JOLIIBHICTh MOJANBIIOIO PO3BUTKY Ta MOIIUOJEHHS HAayKOBHUX pPO3pOOOK Yy
BI/IMOBIHUX HAYKOBUX HAIpPSAMKaX, III0 BU3HAUEHI B TPOOJIEeMAaTHIll KOHPEpEHIIii.

3. 3 METol CTBOPEHHS HAyKOBO-METOJOJOIIYHUX OCHOB BHBUYEHHS
OCHOBHHUX PECYCOCHEPro30epiralounx 3axojiiB, 00JIaJHaHHS TEIMJIOTEXHOJOTIN Ta
XIMIYHUX TEXHOJIOTiH B VYKpaiHI PEKOMEHAYEThCA 3aIyYUTH Marepiajiu
koHpepeHiii go  gucummuniiH - «OCHOBHI — mpoliecM  Ta  OOJIaJIHAHHS
pecypcoeHeprosoepirarounx TexHoJoriy» Ta «CydacHe oOjagHaHHS XIMIYHHUX
TEXHOJIOT1H» 3 pO3pOOKOI0 BiMOBITHOTO METOIMYHOTO 3a0€3ICUCHHS.

4. TlimBUIIMTH piBEHb 3aJTy4YEHHS CTYJEHTIB, acCIipaHTIB J0 HAyKOBUX
JOCITIIKEHb Y KpaiHU B TaJIy31 pecypco- Ta €eHepro30epe:KeHHH.

5. Bunartu 30ipHUK npanpb KOH(epeHIii.

6. PexomenayBatu myONiKalll0 TUICHAPHUX JOMOBIAEH B KypHajgax «
XiMI4HA 1HXXEHEepIsl, EKOJIOTIsl Ta pecypco30epekeHHs», « XiMidYHa TPOMHUCIOBICTh
VYkpainn» ta «IIpomucioBa temnorexHikay. [Ipocutu roms cekuiii KoHpEpeHIi
BU3HAUWUTU JIOMOBiAI BIJ CEKIIM s OmyOJiKyBaHHA B «YKpaiHCBKOMY
AHTAPKTUYHOMY KypHATI. YyacHukam KoH(epeHIIii MPEICTABUTH
PEeKOMEHIOBaH1 JIOMOBiAI y BUIJSAAI MyOJiKaiii 3riHO TpaBwI MyOJiKaIini
BIJIIIOBIIHUX JKypHAJIB.

7. BuzHauuTu 3a NOIIIBHE MOMIMPEHHS 1H(OpMaIli mpo KoHGEpeHIio B
3acobax MacoBoi iH@opMallii Ta 3aJdydeHHS JO HACTYMHUX KOH(EPEHIIiH
IIMPOKOTO KOJIa BITYU3HIHUX 1 IHO3EMHHUX HAYKOBIIIB.

8. Opranizatopu KOH(EPEHI[i BUCIOBIIOIOTh BIASYHICTH BCIM yYaCHUKaM
KoH(pepeHiii.

Buxonyrounit 000BsI3KM 3aBigyBaya Kageapu
MallIUH Ta anapariB XIMIYHUX 1 HapTONepepoOHUX
BUPOOHUXBUPOOHUIITBA A.P.Crenantok
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