'd 70T 8090 ‘ALHO ©
ALHOW>KIOHOW OJI0HhULIIdOHS BL BHHEHIRIIQO ‘grodnodu edwadeyy
eHIedM £ ‘BT ‘N

d 7707 BHId2d 91-7]

HATId01I0N HEAL

«dLIINHI0dNd XUHhIINIX
VL XU9O0hdVX BEHHVHI'VIr90
VL 9IDANO0dII BHHAI'VHOIXD O A»

BITHAJADHON VIONAVH VHITOJVEKIN XIX

LALUDJAIIHA
UMUHAIIOICOHXA.L MMHII'VHOITIVH UUM9DATO



Opranizaropu xoHdepenuii
MiHIiCTEpPCTBO OCBITH 1 HAyKH YKpaiHu
Opnecbka JiepkaBHa 00s1acHa aiMiHiCTpallis
Opecpkuil HaLlIOHAJILHUM TEXHOJOTTYHUNA YHIBEPCUTET
Koncantunrosa nadoparopis TEPMA

MI)KHAPOJHBI HAYKOBUI OPTKOMITET

€ropos
bozeoan Bikmoposuu

Bypao
Onee I'pucoposuu

ATaMaHIOK
Bonooumup Muxaiinosuu

I'aBBa
Onexcandp Mukonaiioguy

I'ymHuubkmi
Apocnase Muxaiinosuy

JonuHcbKuii
Anamonii AHOpiiioguy

3ap’siioB
Braoumup Jleonioosuu

CykmaHOB
Banepiii, Onexcanoposuu

Koaryn
Ilaeno CemeHosuy

Kopnienko
Apocnae Muxumoeuu

Magexuk
lean @eooposuu

— roJyioBa, Onecbknii Haml@HALHHUNA TeXHOJIIOTIY-
HUW YyHIBEpCUTET, MpPE3UACHT YHIBEPCUTETY, MH.T.H.,

npodecop
— BUeHHMH cekpeTap, Opecbkuii HAllOHATBHUN Te-
XHOJIOTIYHUH YHIBEPCHTET, ILT.H., Ipodecop

— HanionancHuii yHiBepcuTeT «JIbBiBCbKa MOIi-
TeXHIKa», I.E.H., Ipodecop

— HarionannHui yHIBEPCUTET XapUOBUX TEXHOJIO-
riif, 1.7.H., npodhecop

— HamionansHHM yHiBepcuTeT ,,JIbBiBCbKa MOJIi-
TexHiKa”, A.TuH, Tpodecop

—[HCTHTYT TeXHIYHOT TeMI0(i3UKH, TOYSCHUH -
PEKTOp, A.T.H., akageMik HAH VYkpainu

< HarioHaJIbHWI YHIBEPCUTET XapuoOBUX TEXHOJIO-
Liid, 1.T.H., mpodecop

— IlonTaBchbKUil yHIBEPCUTET €KOHOMIKHM 1 TOPTiB-
i, 1.T.H., mpodecop

— Technident Pty. Ltd., Australia, Dr.

— HarionanbHuil TeXHIYHUI yHIBEPCUTET YKpaiHu
,»KUIBCbKUN MONITeXHIYHUH IHCTUTYT , A.T.H., MPO-

dbecop

— HanioHaneHMii YHIBEpPCUTET XapuyOBHUX TEXHOJIO-
riid, 1.T.H., mpodecop

2

36ipnux me3 oonogioeti XIX Mixcnapoonoi naykoeoi xongepenyii « Voockonanenus npoyecis
ma 001a0HaHHA Xap4o6ux ma Ximiunux eupoonuymey 12-16 eéepecns 2022 p.



Ooecvbkuil HAYIOHATLHUL MEXHON02IYHULL YHIGepcUmem

Manamapuyk
lzop [lasnosuu

CHexXKiH
FOpiii ®eooposuu

Cyxuii
Koncmaumun
Muxaiinosuy

Copoka
Ilempo I'namoeuu

TacimoB
FOpiu Muxonatiosuy

ToBakHAHCHLKUI
Jleonio Jleonioosuu

Tkayenko
Cmanicnase Hocugoeuu

Hlur
Muxain Jlveoeuu

— HamionaneHuii yHiBepcuTeT OiopecypciB Ta
IPUPOOKOPUCTYBaHHS YKpaiHu, 1.T.H., mpohecop

— IHCcTUTYT TexHIYHOI Ternoi3uku, AUPEKTOP,
1.T.H., akagemik. HAH Ykpainu

— pexrop JABH3 «Ykpaincebkoro nep:kaBHOro Xi-
MIKO-T€XHOJIOT1YHOT'O YHIBEpCUTETY», . XiM. H.,

npodecop

— VYkpaiHcbkuii TepKaBHUI XIMiKO-
TEXHOJIOTIYHUH YHIBEpCUTET, J.T.H., TOYCCHUM TIPO-
dbecop

— Bime-npe3ugeHT cOt03y HAYKOBHX Ta iHXXEHEp-
HUX opraHizaiiil YkpaiHu

— HarionanpHnii TeXHIMHHI yHiIBepcHTET ,,Xap-
KIBCHKMH MONITeXHIYHAW IHCTHTYT , N.T.H., mpode-
cop, uneH-kopecnonaeHT HAH Ykpainu

— BiHHUIIBKUY HallIOHATHHUN TeXHIYHUN YHIBep-
cuteT, M. BiHHuU4, A.T.H., Ipodecop

— [HeTuTyT eHepretuku Akanemii Hayk Monnosu,
K.T.H., B.H.C.

3

36ipnux me3 oonogioeti XIX Mixcnapoonoi naykoeoi xongepenyii « Voockonanenus npoyecis
ma 001AOHAHHS Xap408ux ma Ximiunux eupoonuymey 12-16 eepecus 2022 p.



Ooecvbkuil HAYIOHATLHUL MEXHON02IYHULL YHIGepcUmem

OPT'AHIBALIIMHUUA KOMITET

['onoBa, npe3uIeHT yHIBEPCUTETY

I.T.H., Tpod. b.B. €ropos
3acT. roJI0BH, IPOPEKTOP 3 HAYKOBOT pOOOTH
K.T.H., JIOLEHT H.M. IloBapoBa

3acT. royioBu, AupeKkTop HaByaibHO-HAYKOBOIO IHCTUTYTY XONONY,
KpPIOTEXHOJIOTi# Ta eKOeHepreTUku iM. MapTHHOBCHKOTO

1.T.H., Ipodecop b.B. Kocoii

3acT. TOJIOBH 3 OpraHizaiiifHux nuTanb, 3aBinyBad Kadhenpu [I0OTaEM,
1.T.H., Ipo. O.I'. Bypao

Binmosinansuuii cekperap,

K.T.H., aCUCTEHT H.B. Pyxunnka

Cekpertap,

K.T.H., aCUCTEHT 10.0. JleBTprHCEKa

YieHN OPrKOMITETY:

I.T.H., go1. O.B. 3ukxoB K.T.H., acieTedT LB« Cupotrok imxenep O.®. Tepzeman
K.T.H., 1011. O.M. BeeBonogeB acmipant €.0. Hnaunerko imkenep B.B. IlerpoBcbkuii
K.T.H., goiL.LIL. $IpoBnii acmipanT B.II. Ami 3aB. 1a0. B.IO. IOpaoB
acmipant O.B. AkiMoRB acmipant 51.0. ®arteeBa acmipanT M.IO. MomuanoB

Opecbkuii HallIOHATHHIHM TEXHOJIOTIYHUN YHIBEPCUTET
ByJ. Kanarna, 112, r. Onecca, Ykpaina, 65039
Ten. 8(048) 712-41-29, 712-41-75
®daxc +724-86-88, +722-80-42, +725-47-83
e-mail: terma_onaft@ukr.net
caiiT: www.ontu.edu.ua , www.nanofood.com.ua

4

36ipnux me3 oonogioeti XIX Mixcnapoonoi naykoeoi xongepenyii « Voockonanenus npoyecis
ma 001AOHAHHS Xap408ux ma Ximiunux eupoonuymey 12-16 eepecus 2022 p.



Ooecvbkuil HAYIOHATLHUL MEXHON02IYHULL YHIGepcUmem

MOYaTKy KpucTajizallii Mae OUIbIIl BUCOKY €HEPTitO 3B'S3KY 3 MOJIEKYJIO0 (PpyKTO3H.

BpaxoBytoun, mo hpykTo3a i IroKo3a MarTh MPAKTUYHO OJJHAKOBY KOHIICHT-
paliiiHy 3aJie)KHICTh CTYIMEHS Tiaparallii, MOKHa MPUIYCTUTH, IO y LHUX PO3UYMHIB
Oy/ie 0JTHAKOBOIO 1 3aJIC)KHICTh MUTOMOT TETUIOTH BUIIAPOBYBAHHS BOJAU BiJl KOHIICHT-
paritii, sIky HeoOXiIHO BpaxyBaTu B TEIJIOBUX PO3paxyHKaX MPOIECIB CYIIIHHS IIyK-
POMICHOT CHPOBHHHU Ta BIAMOBITHOIO 00aHAHHS.

Jlitepatypa

1. Mikhailik V.A., Dmitrenko N.V., Snezhkin Y.F. Investigation of the influence of hydration on
the heat of evaporation of water from sucrose solutions // Journal of Engineering Physics and
Thermophysics. 2019. Vol. 92, No 4. P. 916-922.

2. Muxaitnuk B.A. [IpuMeHeHre TeEpMUYECKUX METOJIOB HUCCIEAOBAHUA B pEIICHHH HAYIHLIX U
IPOM3BOJICTBEHHBIX 3a1a4 sHeprosddextuBHocTH // Haykoei npagi [Odecvroi nayionaivroi
axkaoemii xapuosux mexnonaoeiuj. 2007. Bun. 31, T. 1. C. 170-177.

ENERGY EFFICIENT METHOD OF OBTAINING ZIRCONIUM AND
HAFNIUM OF HIGH-PURITY

Nefedov V.G., SciD., Prof., Mukhachev. A.P., PhD, Sukhyy K.M., SciD., Prof.,
Belyanovskaya E.A., PhD; Assoc. Prof., Sukhyy M.K., student
State higher educational institution « Ukrainian State Universiti of Chemical
Technology», Dnipro

As a result of strong depolarizationsduring interaction with carbon, the
potential of the dischargé of fluorine ions decreases from 2.93 to 0.9 V, which is
lower than the potential of thewdischarge of chlorine ions, equal to 1.2 V at a
temperature of 700,°C. At thé same time, two electrochemical reactions take place at
the anode:

2B #72C —2e— 2CF (1)
2Cl1" — 2e— Cl, (2)

On earbon fluoride, the chlorine ion discharge potential drops to 0.78V, and the
following reaction can oceur:

CF+ Cl- —e —= CFCI (3)

When CFinteracts with chlorine, a thermodynamically unstable compound
CFClis formed, which decomposes into a number of more stable freons of the
composition CF,_, Cl . (ne m=0, 1, 2, 3):

2CF + Cl, - 2CFCl (4)

2CFCl— CF,ClL, + C (5)

3CFCl - CF,Cl+Cl, +2C (6)

CFCl - CF, + 2C1, + 3C (7)

3CFCl— CCL,F+2C + F, (8)
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Analyzes of the composition of the anode gas showed the following concentra-
tions of freons: @-11 - 5£1%, ®-12 - 4+1%, ®-13 - 9+2%, D-14 - 18+2% and chlo-
rine 57£3% with the sum of Co, CO2, O2 and N2 equal to 5%. Thus, the proportion
of freons in the anode gas is approximately 36%, and the proportion of each freon 3
in the mixture of freons ®-11 - 14%, ®-12 - 11%, D-13 - 25%, ®-14 — 50%

The content of CF4 in the anode gas is less than 20%, but as a result of the an-
ode effect, it can increase to 30% or more. This accelerates the destruction of the an-
ode and increases the carbon content of the cathode product. The highest rate of an-
ode destruction is observed in K2ZrF6 — KCI — KF electrolyte. It is equal to 0.7 kg of
carbon per 1 kg of powder. The rate of anode destruction in the electrolyte K2ZrF6 —
KCl1 - KF - KJ and ZrF4 — KCI — KF is almost the same and is Qal 1" and 0:13 kg per 1
kg of zirconium powder. Compared to the first electrolyte, it decreases by 6 times,
which is caused by a decrease in the concentration of KF in the electrolyte by 5-7%
and an increase in the concentration of Zr by 20%. The composition of the electrolyte
affects the discharge process of chlorine ions. Chlorine and freon output at the anode
and electricity consumption at different electrolyte compaesitions are shown in the ta-

ble.

Table 1 - Output of chlorine and freons at the anode and power eonsumption at different
electrolyte compositions

Ne | Electrolyte / Zirconium | Output of | Electricity Entrance
3/m | Composition current freons, consumption | of chlorine
output, % | kg/lkgof | kWh/kg per 1 kg of
powder powder
1. | KyZrF¢—KCl-KF 55,0 1500 70,0 0,60
. | KyZrFg— KCl-KF<KI | 65,0 0,78 56,0 0,05
3. | ZrF,—KCl-KE 85-90,0 1,50 40,0 0,74

The content of Zr in ZrF4 salt, compared to K2ZrF6, increases from 32.1% to
54%, which allows to increase the concentration of Zr in the electrolyte by 20% to
6.0% and increase the productivity of the electrolyzer from 160 to 180 kg of powder
per day«In the process of electrolysis, KF is formed in an amount sufficient to keep
the electrolyte level in the bath constant.

Salt replacement increased the current output to more than 85%, which made it
possibleto reduceithe specific electricity consumption from 56.0 kWh to 40 kWh per
1 kg'of powder. The operating time of electrolysis in the closed mode increases due
to the exelusion of the electrolyte drain operation up to 90%, which improves the
quality of the powder and reduces its cost.

Thus, the processes of obtaining freons by processing anodic gases in the pro-
duction of zirconium of nuclear purity have been considered. Anodic processes in the
production of zirconium and hafnium were analyzed. The disadvantages of using the
traditional K2ZrF6 — KCI1 — KF electrolyte are shown. It is proposed to introduce po-
tassium iodide in the amount of 0.03-0.5% iodine into the electrolyte, which reduces
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the chlorine discharge at the anode and reduces its concentration in the anode gas to
1%. It is shown that when the electrolyzer operates with a current load of 10kA on
K2ZrF6 — KCI — KF — KI electrolyte, its productivity increases by 6%, the consump-
tion of KCI decreases from 218.0 kg to 40.0 kg per day, due to a decrease in the dis-
charge of KCl in the presence of iodine ions reducing the formation of ballast (KF)
by 1.8 times stabilizes the electrolyte level and the electrolysis process. At the same
time, the current output increases to 65%, the consumption of electricity and salts de-
creases. The concentration of F in the electrolyte decreases by 5%. The consumption
of a mixture of K2ZrF6 and KClI salts, with the introduction of KI, decreases by 1.7
times, the specific consumption of NaOH alkali for cleaning gas from chlotine drops
from 0.7t to 0.01t per 1t of Zr. This makes it possible to reduce the specific.consump-
tion of electricity from 56 kWh/kg of zirconium powder to 40 kKWh/kg.

Replacing K2ZrF6 with ZrF4 and reducing the fluoride content of the electro-
lyte by 3+5% makes the electrolyte less viscous and more electrically conductive,
helps to increase the current output to 85-90%, whichhallows redueing the specific
electricity consumption to 40 kWh per 1 kg of powder.

Processing of products of anodic processes allowsdo obtain F-11 - F-14 freons.
It was established that the introduction of potassium iodide into the electrolyte in-
creases the content of freon 14 in the anede,gas, When introducing KJ from 20 to
60%, and CF3Cl from 5 to 35%, exclude or reduce by an order of magnitude the for-
mation of freons 11 and 12. The maximum specific yield of freons is set for electro-
lyte ZrF4 — KC1 - KF.

YK 621.311.68:63 14563

JOCJIKEHHSA HPOIECIB CYIIIHHA XAPYOBOI CUPOBUHU HA
CTPIYKOBII MIKPOXBWJIHOBI YCTAHOBIII

Apoenii LI, x.1.H., nouent, Aji B.Il. acnipanr,
Qoecvruil HAYIOHANbHUL MexHOoI02TyHUl YHigepcumem, m. OQdeca, Ykpaina

3a oCTaHHE NeCATUIITTS MIKPOXBHJIBOBH CIOCIO CyIIiHHS HAO0yB JOCHTH LIU-
POKOL03acTOCyBaHHs 1 OTpUMaB OaraTo peasnizauiif, HaHOUIbLI MOLIMPEH] 3 SKUX
MO>XHa BBa)KaTH THUIOBUMH KOHCTpyKUiAMH. Cepell amapariB, OpIEHTOBHUX Ha Oe3-
nepepBHUIA npouec 00poOKH CUIKOI CUPOBUHHU, TUIIOBOIO MOXHA BBAXKATH CTPIYKOBY
KOHCTPYKIIIO 3 NHIMHUM, TOCIIIIOBHIUM PO3MIIIIEHHSIM CYIIMJIBHUX MIKPOXBUJILOBUX
Kamep. Bapialii Takux KOHCTPYKIiil TOBTOPIOIOTHCS y Oararbox BUPOOHUKIB MIKpO-
XBUJIBOBOT'0O OOJIaIHAHHS 171 CYILIIHHS Ta CTepuiiizallli CUMy4nuX NpoAyKTiB. B skocTi
NpPUKIIATy MOXHA MPUBECTHU AEKITIbKa 3pa3KiB CTPIYKOBUX MIKPOXBHIBOBUX CYIIAPOK
kommanii «Kerone» (Iazist) [1] puc. 1.
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