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JIis 90TUPHOX OTPUMAHMX 3pPa3KiB CHEKIB MPOBEACHO OPraHOJENTHYHWHN aHaii3 Ta 3polliieHa iX Jerycra-
miitHa ominka. [Ipy 1bOMy BpaxoBYBallM TaKi MOKA3HUKH SIK MIPUTAMAHHICTH KOJILOPY, BUPAKEHICTh CMaKy, apo-
Mary, JErKicTb PO3KOBYBaHHS Ta MicisicMak. [IpoTe Ui 0cTaTOYHOTO BU3HAYCHHS MPOIYKTY MIPOBEJCHO aHAIi3
Xap4oBOi IIHHOCTI OTPUMAaHUX 3pa3KiB 3a IX XIMIYHHM CKJIaJOM. B SKOCTI KOHTpOJIBHOTO 3pa3Ky Oyio obpaHo
CyIIeHi A0TyKa KOHBEKTHBHO-TEPMOPATialiiHUM METO0M (TaliI. 2).

3 Talmuili BUIHO, 1[0 CHEKM BUTOTOBJICHI 3 si0nyk «['onnen Jlemimiec» mpu MIBUIKOCTI MOBITPS 5,5 mM/c € 3
HalKpalyM XiMiyHUM ckiiafioM. Tak, HalpHKIaa, yepe3 He3HauHy IBHUIKICTh HOBITPs (2,8 M/C) MOXKHA MOSCHU-
TH BUCOKHI BMICT IIEKTHHOBHX pedoBHH (4,4 %), amKe Mij BIUIMBOM TEMIIEPATypH i OUIBII TPUBAJIOTO TEPMIHY
CYIIIHHS BiIOYyBa€ThCs MepexiJ NPOTONEKTHHY B IEKTHH. AJie TOMY, IO CYIIIHHS 311HCHIOETHCS IO BMICTY BO-
noru B poaykTi 8-10 %, To i 3MiHM HE BIUTMBAIOTh HA OPTaHOJIENITHKY TOTOBOTO MPOAYKTY, aJle I03HAYal0ThCS
Ha Xap4oBill IIIHHOCTI CHEKIB.

BucHoBkmu. PesynsraTn m0oCiiIpKeHb MPOIECY CYIIiHHSA CHEKiB KOHBEKTHBHO-TEPMOPAIialliitHUIM CTI0COO0M
MIPY Pi3HHUX MIBUIKOCTSX TOBITPs: 2,8 M/c, 3,5 m/c, 4,5 M/c Ta 5,5 M/c TTOKa3aiy, 10 HAWKPAIIOK0 MIBUIKICTIO €
5,5 m/c. [lana IBAAKICTH CHpHsi€ MaKCHMAIEHOMY 30€pEe)KESHHIO BUXITHUX OKAa3HUKIB CHPOBUHH, IO B TOJa-
JBIIOMY JTO3BOJISIE OTPHUMATH TOTOBHHA MPOAYKT 3 BHCOKUMH OPTaHOJIICNTHIHUMH Ta 1 (Pi3UKO-XIMITYHAMH ITOKa3-
HUKaMu. J[o TOTO X BUTpaTa eJIEKTPOSHEPTil MiJ] 9ac CymIiHHs 3HIWKyeThest Ha 25-30 %. Iponec cymrinHs Baa-
Jocst iHTeHcH(iKyBaTH 1€ 32 paXyHOK IMITYJIb,CHOTO BBEJICHHS CHEPTii «HArpiB-0X0JI0KESHH» Ta PEUUPKYIISLIT
MOBITPS B CyLIAPLIi.
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KIHETUKA EKCTPAT'YBAHHSA KYIIPYMY CYJIB®ATY
3 OAUHAPHOI'O KAIILVIAPA
B YMOBAX BAKYYMYBAHHA CUCTEMUA

Cumak JI.M. kana. Texs.Hayk, Ckiaabincbkuii B.1. 1-p TexH. Hayk, npodecop
Cymcbkuii nep:xaBHuii yHiBepcurtet, M.Cymu

Anomauisn. Jlocnioancysascs npoyec eKCmpazy8ants meepooi peuosunu 3 Kaniiapie yurinopuunoi gopmu 3
Memoio BU3HAYEHHS KiHemuKu 0ano2o npoyecy. Teepooio (hazoio cyicus Kynpymy cyivbgham, SKuil ekcmpazyed-
8ca Qucmunbosanoro 600ok. Excmpazysanus meepooi ¢asu ckradaemvcs 3 npoyecy po3uuHeHHs Yilb08O2O
KOMROHeHmy ma ou@ys3ii pozuuneHoi peyosunu y kaniiapi. Jlimimyouor cmadicto 0anoeo npoyecy € ougysis
KOMNOHEHMY 6cepeduni Kaninapy, wo 6i00ysacmucs 3a 3aKOHOM MOLEKYAApHoi ouysii Dika. VY npomuciosux
yMo8ax iHmeHcu@ikayis npoyecy excmpazysans i00y8acmuvcsl 3a paxyHoOK NOOPIOHEHHs. ME8epO02o Mamepiany
abo 30inbuents memnepamypu. ¥ pobomi 00cniodcy8ascs npoyec eKkcmpazy8anHs 8 yMosax 8aKyyMyG8aHHs CU-
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cmemu, npu AKOMY BUHUKAE KUNIHHA PIOUHU Ma YmeopenHs naposoi gasu. 3apooicenns, picm ma 6iopug napo-
8UX 6Y1bOAUIOK BCepeOUuHi Kaniiapie npusooums 00 nepemiujeHts pioutu, wo cnpusc ii 3amini, CmeopeHHi ymos
HecmayioHapHocmi, 00CMAa4aHHi cgiswcoi piounu 0o nogepxui posuunenus. Haseoeno excnepumenmanvny ycma-
HOBKY, MEmOOUKY SUKOHAHHSA OOCHIOJCEeHb MA eKCHepUMeHMAnbHi pe3yabmamuy 015 Kaninapa oiamempom 0,8
mm. Ilpedcmasneno epaghiuno 3anedxcHicme nepemiujeHHs 30HU PO3UUHEHHA Y Kaniiapi 01 mpbox 8unaoxie 3d
oonaroeoi memnepamypu 75'C: pozuumnenns nio wac Mexamiuno2o nepemiuy6anHs, ROCMilHO20 6aKyyMy6aHHS
ma nepioduynozo eaxyymyeanns. Haiisuwa weuokicmes excmpazysanus 8ionogioac nepiooutHomy 6axKyymyeam-
Hi0. Busnaueno egpexmusni xoegpiyienmu oughysii' y kaninapax ma 6iOHOUIEHHs KOeiyieHmie 3a 6aKyyMYGaAHHs.
00 eKcmpazysanHs 8 yMo8ax Mexaniuno2o nepemiuysanns. Ilokazano, wo 3a nocmiiiHo20 6aKyyMy68anHs npoye-
Cy excmpazysants weUOKicms ekcmpazysanus spocmac'y 2,8 pasiu; 3a nepioOuyHo20 6aKyyMyeaHHs, npu KoMy
8i00Y8aEMbCA CNAECKYB8AHHA NAPOBOI (azu i nepemiweHHs piounu y kaninapi, y 6,3 pasu.

KurouoBi ciioBa: xynpymy cynbdar, eKCTparyBaHHs, iHTeHCH(iKamis, BaKyyMyBaHH:, KoeQiieHT nudysil

KINETICS OF EXTRACTION OF COPPER SULFATE FROM A SINGLE
CAPILLAR UNDER CONDITIONS OF VACUUMING OF THE SYSTEM

Symak D.M., PhD in Tech.Sci., Sklabinskyi V.IL., Dr. of Tech.Sci., prof.
Sumy State University, Sumy, Ukraine

Abstract. The process of extracting of solid substance from cylindrical capillaries to determine the kinetics
of this process was investigated. As the solid phase served sulfur sulfate, which was extracted with distilled wa-
ter. Extraction of the solid phase consists of the process of dissolving of the target component and diffusion of
the dissolved substance in the capillary. The limiting stage of this process is the diffusion of a component inside
the capillary, which occurs under the law of molecular diffusion of Fick. In industrial conditions, the intensifica-
tion of the extraction process occurs by grinding of a solid material or increasing of the temperature. In this
paper, the process of extraction under conditions of vacuuming of the system, in which occurs boiling of the fluid
and formation of a vapor phase, is investigated. The origin, growth and separation of the vapor bubbles within
the capillaries leads to the displacement of the fluid, which facilitates its replacement, the creation of non-
stationary conditions, the supply of fresh liquid to the surface of the dissolution. The experimental apparatus,
methodology of research and experimental results for a capillary with a diameter of 0,8 mm are given. Graph-
ically, the dependence of the displacement of the dissolution zone in the capillary is presented for three cases at
the same temperature of 75°C: dissolution during mechanical mixing, constant vacuuming and periodic vacuum-
ing. The highest rate of extraction corresponds to periodic vacuuming. The effective coefficients of diffusion in
the capillaries and the ratio of the coefficients of vacuuming to extraction under conditions of mechanical mixing
are determined. It is shown that during the continuous vacuuming of the extraction process, the extraction rate
increases in 2,8 times, for periodic vacuuming, at which there is an explosion of the vapor phase and the move-
ment of liquid in the capillary, in 6,3 times.

Keywords: copper sulfate, extraction, intensification, vacuuming, coefficient of diffusion.

Beryn. [pouecu ekcTparyBaHHsS KOMIIOHEHTIB 3 TBEpAOl (a3 BUKOPHCTOBYIOTHCS Yy XiMIUHIH, Xap4oBiii,
MIPUPOJIOOXOPOHHIN TeXHOJOTisAX. EKcTparyBaHHs y OibLIOCTI BUMAAKIB € IEPIIOO CTAJi€l0 0araThboX TEXHOJIO-
FiYHUX MPOIECiB 1 0OCITH HOro 3acTOCYBaHHS € 3HAYHMMHU. JIIMITYIOUOIO CTaIi€l0 MPOIECIB €KCTparyBaHHS 3
TBepnoi ¢a3u € BHYTPIMIHA Mu(y3is KOMIIOHEHTIB y mopax TBepaol (azu. TBepauil ckeleT MopucToi peaoBHHU
CYTTEBO BIUIMBa€ Ha aAuQy3iiiHe nepeHeceHHs pedoBHHU. CHOBUILHEHHS IEPEHECEHHs KOMIIOHEHTY y HOopax
iHepTHOI TBepaoi (azu 3ymoBieHe OJIOKYBAaHHSAM JU(Y3iHHOTO NMOTOKY TBEPAMM CKEJIETOM, BHIOBXKEHHSIM JIH-
(y31HHOTO NUISIXY MacoNepeHeCeHHs! BHACIIIOK 3BUBUCTOTO NUISXY KalIsIpiB, 3MIHOIO (pi3MKO-XIMIYHHX Xapax-
TEPUCTUK €KCTpareHTa y nopax iHepTtHoi TBepnaoi ¢asu. Lli 00CTaBUHM CYTTEBO MOHMXKYIOTH KOS(II[IEHT BHYT-
pimHBO1 audy3ii y mopax y HOpiBHSAHHI 10 KoedimieHTa MoJeKysipHoi audy3ii y pinusi. [HTeHCcndikamis npo-
IIECiB eKCTparyBaHHS O3HA4a€e 3pOCTaHHS KoedillieHTa BHYTPIMIHBOI AnQy3ii. 3 mi€l0 METO BUKOPHCTOBYIOTHCS
Pi3HI MeTOa, OJTHUM 13 IKUX € METOJ] MOAPIOHEHHS TBep01 (pa3m, 1Mo 3MeHmye X Audysii i 30ibye xoe-
¢ilieHT MacomepeHeCceHH s, 0 MPOTOPIIIHHII 10 TpajieHTa KOHIICHTpAIil, SIKAH ISl 9aCTUHOK MEHIIINX PO3Mi-
piB MatuMme Oinpmri 3HaueHHS. HamMu IOCTiIKEHO Mpoliec eKCTparyBaHHS TBEPAOI PEYOBHHM 3 MPSIMONIHIHHIX
KaImJIspiB B yMOBaxX BaKyyMYyBaHHsI CUCTEMH Ta TIOHIKEHHS TUCKY JI0 3HAYEHb, SIKi BiAMOBITAIOTh CTAaHy KHUITiH-
HS pIAMHU-EKCTpAareHTa Ta BUHUKHEHHIO 1apoBoi gas3n y Buai OynpOaniok. OcTaHHi i 4ac CBOTO pOCTy Ta Bill-
PHBY BHSBJIAIOTH TiIPOJAMHAMIYHY JiI0 Ha PilUHY, IO COPUYMHSE 1 pyX y Kamijasgpax Ta 301IbLIye MIBHAKICTH
MacoIepeHeCeHHSI.

AHaui3 JiTepaTypHuX Jkepes Ta ¢opmyTioBaHHs npodiaemMu. TeopeTHYHI acleKTH HpoLecy eKCTpary-
BaHHS 3 TBEPJOi iHEPTHOI (pa3M PO3UYMHHMX Ta TBEPAUX KOMIIOHEHTIB 1MoJaHo y [1]. ABTOpH po3risiiaroTh 3ara-
JIbHI 3aKOHOMIPHOCTI IIPOLECy €KCTparyBaHHs, BIUIMB CTPYKTYPH TBEPAOTO iHEPTHOTO Tila, (Pi3MKO-XiMiYHI Bia-
ctuBocTi cuctemMu. OCHOBHY yBary HpPUAITICHO BH3HAYCHHIO KIHETUYHHMX KOHCTaHT HPOLECY €KCTparyBaHHS,
METOJIM BU3HAYEHHS SIKUX € PI3HUMU JJISl €KCTParyBaHHS PO3YMHHOI peYOBHHHU Ta TBepaoi ¢azu. OcoOmmBOCTI
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MacooOMiHy y CUCTeMax 3 TBEpIoto (a3oro Ta iX 3aKOHOMIPHOCTI HaBeaeHo y [2]. JlocmimKkeHHs Mpo1eciB eKCT-
paryBaHHS CBIIYHTH NP0 HU3bKI 3HAYCHHS KiHETHYHHUX KOEQIIli€HTIB i, BIIMOBITHO, BEMTUKHI Yac Ha iX mpoBe-
neHHs [3-4]. BeeneHns y cucteMy TBepAe TiJio — pinnHa Ta30oBoi (asu meperBopioe ii y Tpudasny. ['a3oBa daza
HE MpuiiMae ydacTb y MacooOMiHi, ane ii BIUIMB Ha KiHETHKY Mae€ BUpilIajJbHEe 3HAa4eHHsS. [HepTHaA ra3oBa dasa
MoJke OyTH BBElIeHa Y CHCTEMY 3 METOIO IepeMillryBaHHs i 30iIpIeHHs Koedimnienta MacoBignadi [5]. [Ipexncra-
BIISIIOTH 3HAYHMH iHTEpec poOoTH, Y SKUX iHTeHCH(DiKyrouuM 3aco0oM € mapoBa (asa, sika yTBOPIOETCS 3 Piu-
HM PO3YMHHMKA YM EKCTPareHTa, 3aCTOCYBaHHS MIKPOXBMJIBOBOTO MOJIS 3 METOI NMPHUCKOPEHHS BHYTPIMIHBOT
mudysii [6-7]. TimponnHamika mapoyTBOpeHHS B yMOBax BaKyyMyBaHHsS CHCTEMHU NOCHipKyBanach y [8]. Ha
NpUKIaAl (i3HIHOr0 PO3UMHEHHS TBEPAMX T B yMOBAaX BaKyyMYBaHHSI CHCTEMH, 1110 IPUBOAMTH 10 BUHUKHEH-
HS 1apoBoi (a3u, IMOoKa3aHO 3HA4YHy iHTEHCH(iKyrouy Aif0. BcTaHOBIEHO KiHETHYHI 3aKOHOMIPHOCTI JaHOTO
mpoIiecy Ta MexXaHi3M fii Oynp0aIrok mapy Ha MBUAKICTE po3unHeHH: [9-10]. KineTnka ekcTparyBaHHs KyIIpyM
cynbdary, Mo 3HaXOAUBCS Y PO3YNHHIN (OopMi, 3 MOPUCTUX YACTHHOK TociimKyBanack y [11]. BuznaueHo ede-
KTUBHUH Koe(ilieHT BHYTPIHBOI mudy3ii. EkcTparyBaHHIO IITFOBHX KOMITOHEHTIB 3 IIJIIHAPHYHIX KaIiIsIpiB
B YMOBax BaKyyMyBaHHS NpHUCBAYeHO poOoTH [12-14]. ABTOpm pobotu [12] mocmimKyBaau eKCTparyBaHHS B
YMOBaX BaKyyMyBaHHS CHCTEMH, III0 CTBOPIOE KHITIHHS PiAWHU Ta BHHUKHEHHS MapoBoi (as3u y Kaminmspax, 1o
3HAYHO MPUCKOPIOE Maco TepeHeceHHs. Y pobotax [13-14] mociimKyBanoch eKCTparyBaHHs 3 OJHHAPHUAX Karli-
JSIpiB B yMOBaXx IOCTIHOTO Ta MepioJUYHOr0 BakKyyMyBaHHs. [lepiofinuHe BaKyyMyBaHHS 332 PaxyHOK CIUIECKY-
BaHHs OyJILOAIIOK Mapyu y Kaniisipi Ta pyXy pilMHU y JEKiJbKa pa3 MPUCKOPIOE eKCTParyBaHHs, BUAKICTh SIKO-
TO OL[IHIOBAJIACh 32 NMEPEMILCHHSIM IpaHuLli po3yrHeHHs. [IoOpiBHAHHS PI3HUX METO/IB EKCTparyBaHHs MOAAHO Yy
[15].

MeToro gociiizkeHHs1 OyJI0 BCTAHOBJICHHS 3aKOHOMIPHOCTI €KCTparyBaHHs KyIpyMy CcyJib(ary 3 Kariisipis
B YMOBaxX MEXaHIUYHOTO IepeMilllyBaHHs, IiJ Yac HENEepepBHOTO Ta MEPIOAMYHOTO BaKyyMYBaHHS CHCTEMHU Ta
BHU3HAYCHHS e(peKTUBHUX KoedimieHTIB mudy3ii mporecy.

ExcnepumMeHTaIbHA YacTHHA. BUKOHAHHS €KCIIEPUMEHTAIBHOI YaCTHHH POOOTH TOJISTANI0 y IPOBEACHHI
MpoLeCy eKCTparyBaHHs KynpyMmy cyibghaty 3 Kanuisipis muriHgpuaaoi popmu. Hamu nocmimxyBaBcs mpouec
eKCTparyBaHH! 3 KallJsIpy, BHYTpIIIHIHN fiameTp sxoro craHoBuB 0,8 MM. Kaminsp 3amoBHIOBaBCS OPOIIKOIIO-
IIOHUM KymnpyMoM cyib(haTy Ta HaOMBKa yTpaMOOBYBaJIACh TOHKOKO CTATBHOIO MPOBOJIOKOIO 3 METOK HaOIu-
JKEHHSI TYCTHHU HaOWBKHM 10 TYCTHHH MOHOJITHOI TBEpAOi PEUOBMHH. 3Ba)XKyBaHHSIM KallIsipy 3 HaOMBKOIO Ta

BiIbHOTO BU3HAYaach AificHa rycTHHa HAOUBKU O .

Jocmian npoBOAMINCE Ha €KCIIEpUMEHTAbHIH ycTaHOBII (puc.l). YcTaHOBKa Moxe OyTH mMmojiieHa Ha 3
650kn. OCHOBHMM €JIEMEHTOM € OJIOK I, sIkMii ckiaaeThest 3 amapara- €KCTpakropa 1, BUTOTOBIIEHOTO 3 CKJIa,
SKMil TIoMiIaBcst y TepmocTar 2. 3ajaBanack Temmeparypa y Tepmoctati 75°C, sikiit Biamosizae aGcomHOTHMIA
tuck 0,06 MIla y Bunaaky cTBOpeHHs] BaKyyMyBaHHsI, II0 CTBOPIO€ KuMiHHS Boau. Kaminsip 3 HabuBKoro 3 3Ha-
XOJMBCS HaJl MOBEPXHEI0 PIIUHU y eKcTpakTopi. ITicas qocsArHeHHs CTalllOHAPHOTO KHITIHHS BOJY Y amaparti-
EKCTPAKTOP1 KaIiJisip OMYCKABCsl Y KUIUISIUY PIAMHY 3 OJTHOYACHOIO (iKcalli€lo Yacy Mpolecy eKCcTparyBaHHs. 3a
JIOTIOMOT'OI0 BiZJTIKOBOTO MiKpockomna (hikCyBajoch HMEpeMIillleHHs TPaHUlll PO3YMHEHHS KynpyMmy cyinbdary y
Karispi.

Bnox Il BukopucToByBaBCs Ist 3aMipy KUIBKOCTI BUIIApEHOT BOJM Yepe3 KOHAEHCAIIO TTapy Y KOHIEHCATO-
pi- BUMIpHHKY 4 , SKHIi TIOMIIIIaBCsl y €MKICTh 3 XOJIOJHOIO BO/I0I0. BakyyMm y cuctemi cTBoproBaBcst 3a J1OMOMO-
TOI0 BaKyyM-Hacoca 6, sSIKui 3’€THaHHUH 3 KOHIEHCATOPOM- BIMipHHKOM 4 depe3 OydepHy eMKICTP 5, aka yoe3-
nevyBajla CUCTEMY BiJl IOTPAIISHHS PiIMHN 10 BaKyyM-Hacoca 6
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1 —anapam-excmpaxmop; 2-mepmocmam, 3 — Kaniiap 3 HAOUBKOIO Kynpym cyivghamy,; 4-konoencamop-
BUMIPHUK CKOHOEHCO8aHOT napu, 5 — 6yghepna emxicmo, 6 — 8aKyymM-Hacoc
Puc.1. Cxema excriepUMeHTAIBHOI YyCTAHOBKH.
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SIk citigye 3 oAy JTITEPaTYPHUX JPKepesl, BAHMKHEHHS IapoBoi a3y CYTTEBO BIUIMBAE Ha IPOLIECH MAco-
00MiHY y cucTeMax 3 TBepIoro (a30r0. 3apopKeHHs Ta picT mapoBoi (a3u BimOyBaeThCs Ha TBEpiil MOBEPXHI.
Leit mporec mepemimiae pinuHy Oe3mocepeHBO HA TPaHMIll po3Iinry (a3, e mporec po3UYUHEHHS JIMITy€eThCS
MOJIEKYJISIpHOO mudy3iero. [epeMileHHs piHA IPUBOIUTH 10 301IBIICHHS KoedilieHTa MacoBiagadi. Y Karri-
TSPl KUITHHS PIAWHY TiJ 9ac BaKyyMyBaHHS MPHUBOAUTH A0 YTBOPEHHS MapOBHX OyNbOAIIOK, SIKi HE JIUIIE pOC-
TyTh, aJie 1 BIIPUBAIOTHCS 3 MOBEpXHi TBepAoi (a3u. Ha micue Oynb0ariky, sika BiJipBajack, HPUXOJUTh CBiXka
pinvHa 3 KOHLEHTPALIEI0 eKCTParoBaHOI PEYOBHHU, 110 HaOJIMKAEThCS 10 HYJIs. Lle cTBOproe 3Ha4YHy pyuIiiHy

CHITY 1, BIATOBIIHO, 301TBIITYETHCS MACcOBIJIava.
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1 — excmpazysanus 3a yMOBU MEXAHIYHO20 Nepemiuly8aHHs piounu 6e3 ii Kuninua, 2 — ekcmpazy8aHHs.
3G YMOBU NOCMIUHO20 8AKYYMYBAHHS cUCmeMu, 3 — eKCmpazyeants 3 Kaninapa 3a yMOosU 6aKyyMy6aHHA Cucme-
MU 3 NEePiOOUUHUM NEPEPUBAHHAM BAKYYMYBAHHS
Puc. 2. I'panuns po3yuHeHHs Kynpymy cyiabdary / y 3a/eKHOCTI Big yacy ekcrparyBaHHsa 7 3a

YMOB NPOBeJAEHHS NMpoliecy.

3 METOI0 MOPIBHIHHS Pe3yJIbTaTiB JOCIIKSHHS I1iJ] Yac eKCTparyBaHHs y BaKyyMi, HAMHU IPOBE/ICHO €KCT-
paryBaHHS KynpyMmy cyib(daTy B YMOBaX MEXaHIYHOTO MEPEMINTyBaHHs. 3 Ii€0 METOK KaIisp MOMIMIABCS B
EKCTPAKTOP, y AKOMY 3HAXOJMJIAach BOJa Harpita go Temneparypu 75°C. Llg Temmepatypa ImiaTpuMyBamack mpo-
TSACOM YCBHOTO TpOLeCY eKcTparyBaHHs. [lepeMillyBaHHS PiJHHH 3iHCHIOBAIIOCH MArHiTHOK MIIIAIKO. 3BU-
YaifHO MIABUINCHHS TEMIIEPATYpH € OJHUM i3 METOIIB iHTCHCU}IKAIlil eKCTparyBaHHs TBEpIUX KOMIIOHEHTIB 3
iHepTHOI TBepaoi ¢a3u. [Iponec ekcTparyBaHHs Iijl yac BaKyyMyBaHHS [IPOBOJHUBCS AJIs ABOX BHIIAJKIB: MiIT-
PUMYBaHHSI MOCTIHHOTO BaKYyMYBaHHS Y CUCTEMI Ta 3a MepioJUIHOr0 BaKyyMyBaHHSI.

Ha puc. 2 npencraBieHo pe3ybTaTH JOCITIHKEHb NPOLECY eKCTparyBaHHs 3 MPSIMOJIIHIMHOTO Kamsipy y
BUTJISII 3aJIKHOCTI IIPOCYBAHHS TPaHUILIl pPO3UMHEHHs [ Bijl 4acy ekcrparyBaHHs 7.

PosrnsiHeMo eneMeHTapHUI MeXaHi3M MpOLECy eKCTparyBaHHs 3 OJUHAPHOIO Kamisipy 38 YMOBH Bakyy-
MyBaHHS CHCTEMH Ta BHHUKHEHHS OyIh0aIok mapoBoi ¢asu (pncé).

Cs

Puc. 3. Cxema nponecy eKCcTparyBaHHs 3 OAMHAPHOI0 KaMijJisgpa Ta PO3IOALT KOHIIEHTpAaNiii.

BBaskaeThcs, 0 TPOIIEC eKCTparyBaHHA MPOTIKA€ TOBIIBHO Y BEIMKOMY B MOPIBHAHHI /10 OZHOTO Kamijsipa
00’eMi piAMHY 1 KOHIIEHTPAIIII0 PEYOBUHH, [0 EKCTPAryeThCsl, Ha 30BHIMIHIA MOBEPXHI KaIiIsIpa MOXHA MTPHHH-
ATH PIBHOIO HYJIO. 3a MMEBHUI MPOMIKOK 4acy 7 30HA PO3YMHEHHS BCEPEIWHI Kamijispa MepeMicTHiIach Ha J10-
BxuHy /. KineTnuHe piBHAHHS, 1110 ONUCYE PO3UNHEHHS eJIEMEHTApHOI AUITHKY TBepaoi (as3u di, mae BUI

dM -
— = D*F ﬁ , (1)
dt /
Jie M — Maca pe4oBHUHH, 1[0 PO3YMHUNACE;
F - moBepxHs pO34MHEHHS;
Cs - KOHLEHTpALisl HACHYEHHS;
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C,, - KOHIIEHTpaIlis Ha MoBepXHi Kamisipa; C, = 0;

* o . . .ee . .
D" - epexrupnuii koediuienT qudysii y kaminspi.
Bupasusmm macy TBepIoi peuoBHHH uepes ii 00°eM Ta TYyCTHHY

dM = p, - F -dl, )
ozepKyemo audepeHmianbHe piBHIHHS, [0 BCTAHOBIIOE MIBUIKICTE IIEPEMIIIICHHS 30HH POZYMHEHHS
d D C,—C,
===t 3
dr  p, 1
IarerpyBanHs piBHsAHHS (3) nae pe3ynbrar
P D
— =" (C,-C,)-T. )
2 ps

BukopucToByloUH eKcriepUMEHTaIbHI JaHi (puc.2) Ta 3ajexHicTh (4), HaMu rpadivHO MpeCcTaBlIeHO 3Ha-

. 2 . . el o ..
YeHHS JOBXHHH PO3YMHEHHS Bix yacy [” = f (2’ ) (puc.4), oo BiATIOBiAa€e MPAMOIIHIHHIN 3a1€KHOCTI 1 Ta€ MOXK-
. . .. *
JUBICTP 32 TAHTCHCOM KyTa HaXWITY IPSMHUX BCTAHOBHUTH BEIMYMHY KiHETHYHOTO KoedimieHTa D".

2 2
L, mm

120

80

40 vd

e

| —

0 <1

0 1000 2000 3000  4000¢, ¢

Puc.4. 3anexuicts  =f (Z') (mo3HavYeHHs BiIMOBigawOThH puc.2).

"

//
e
/

BukopuctoByrouH (i3udHi XapaKTEPUCTUKHU JTaHOT CUCTEMU: KOHIIEHTPAIlis HACHUEHHSI KylpyMy CyJbdary
3a Temmeparypu 75 °C ckmagae 550 /1M’ Ta ryCTHHY HAOHBKH KAITiispa 3 puc.4, BUSHAYABCS TAHTEHC KyTa Ha-
XUy TPSIMUX 0, SKHH JTOPIBHIOE

ga=2.-2.(C;-C)). 5)
Ps
Buznauenuii 3rinHo 3anexHocTi (5) edexruBHUil KoediieHT nUQy3ii U TPHOX PO3MISIHYTHUX BUIAIKIB
Ma€ HaCTYIHI 3HaYeHHs 1 Temneparypu 75°C

IIpouec ekcrparyBaHHs D*-10°. m?/c D’ / D

> mex. nep.
MexaHi4He NepeMillyBaHHs PiIAMHH 13,5 1
KumiHHs piguHU i1 BAKyyMOM 38,0 2,81
[epiogyyHe KUMiHHS ITi1 BAKYYMOM 85,1 6,3

HaBeneni BenmuurHM CBigUaTh MPO 3HAYHE 301IbIIESHHS MBUIKOCTI €KCTparyBaHHS IMiJl Yac KUITIHHS PiAMHA
Ta opMyBaHHS TapoBoi (a3u, 0COOTUBO IS MTPOLIECIB 3 MEPIONUIHUM KHITIHHAM, IO CYITPOBOKYETHCS CILIE-
CKyBaHHSIM NapOBUX OyJIEOAIIOK.

BucHoBkH. Pe3ynbTraTi eKCriepuMeHTAIbHUX JOCTIDKEHD [TOKa3alu 3HaYHy iHTeHCH(DIKaIlilo mporecy eKc-
TparyBaHHs KylnpyMmy cyib(}aTy B yMOBaxX MOCTIHHOTO Ta MEPiOJMYHOr0 BaKyyMyBaHHs. [[pUCKOPEHHS MPOILECY
BiZI0YBA€THCS 32 3MIHM TiAPOJMHAMIYHOT 0OCTAHOBKH Y 30HI KOHTAKTy MK TBEPJHM TUIOM Ta €KCTPAreHTOM, 10
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MACOOBMIHHUX TTPOLIECIB

BHKJIMKAETHCS 3apPOUKCHHSM, POCTOM Ta BiIpMBOM MapoBUX OyinOamok. Bu3HaueHo edekTuBHI KoedimieHTH
mudys3ii Ta MoKa3zaHO MOMJIMBICTH 301MBIIMTH IIBUAKICTh €KCTPAaryBaHHS A0 6 pa3 y MOPIBHAHHI 3 30BHIIIHIM
MeXaHIYHAM IIepEeMilTyBaHHSIM CEPEIOBHIIIA.
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