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AnHoTauus. B pabora paccMOTpeH METOJ TePMOrPaBUMETPUUECKOrO aHAIN3a, MPEACTABISIOMIN cO00i OMH U3 HEMHOIMX a0COIMIOTHBIX METONOB aHAIIN3a,
YTO AENAeT €ro OJHMM U3 HauOolee TOYHBIX METOAOB. B JaHHOM MCCIEIOBaHMM MPOBEJICH TEPMOIPABUMETPUUECKUN aHAIM3 PAICa, KOTOPBIA MO3BOIMI
ONpEJIENUTh TEMIIEPATYPHBIE 30HBI, COOTBETCTBYIOLINE BIAroyJaJIeHUIO C Pa3IMYHON SHEPrueil CBsA3M, 4TO JAeT BO3MOXKHOCTH IPOTHO3HPOBATH PEKMMHbIE
HapaMeTpsl MpoLecca BlaroyfaleHus U BbIOupaTh HanOonee >¢dekTuBHbIi crocod ux aeruapatauu. MccnenoBaHus NPOBOAMIMCE B 1a0OPATOPHH LIEHTPA
KOJUIEKTUBHOTO moJb30BaHust «KoHTponb u ynpasienue sHeprodddexruBHbx npoektoy ®PI'BOY BO «BopoHexKCKHH IoCyIapcTBEHHBIH YHUBEPCHTET
HHKCHEPHBIX TEXHOJIOTHI» Ha MpHOOpe CHHXPOHHOTO TepMuueckoro aHanmusa mojenn STA 449 F3 (NETZSCH, I'epmanus) [Ipubop dukcupyer nsmeHeHue
Macchl BEIECTBA U Pa3jIM4Ue TEMIOBOrO OTOKA B TUIJIE, COEPIKaIeM 00pasell, U THIJIEM COZIEPKaIlleM STaJTOHHOE BeeCTBO. IIpHHIMN paboThl aHaIM3aTOpa
OCHOBaH Ha IOCTOSIHHOM PETMCTPALUM 3aBUCUMOCTH U3MEHEHHS MacChl MaTepuana OT BPEMEHH WM TEMIEpaTyphl IIPH €ro HarpeBaHHH B COOTBETCTBHH C
3a1aHHOM TeMIIepaTypHOI IIPOrpaMMoii B yCTaHOBIICHHOIT ra30Boii arMocdepe. OJHOBPEMEHHO PETUCTPUPYETCsI BBIIEICHHE WM IOTJIONICHHE Teria 00pasiom,
00yci0BIIeHHOE (ha30BBIMH IIEPEXOAAMU MM XUMHYECKMMHU peakuusMu. VccienoBaHus NpoBOAMIN NPU CIEAYIOMIUX PEXUMAX: JaBlIeHHE — aTMOC]epHoe,
MakcumanbHast Temieparypa 413 K, ckopocts n3menenust remmeparypst 5 K/mun. J{ist onbIta HCIIONB30BaIN alFOMUHHEBBIC THIUIH ¢ 001Iei Maccoii HaBecku 12
mr. st noctpoenus noiydeHHsix 3aBucumocteit TG u DTG ucnonb3oBanock nporpammuoe obecrniedyenne NETZSCH Proteus. TlonyueHHbIe 3aBUCHMOCTH
HO3BOJIMJI BBIACIUTH IIEPHOABI ACTHAPATALUUM BOABI U MPEOOpPAa3OBAaHUS CYXHMX BELIECTB NPH TEPMHMUYECKOM BO3JCHCTBMM Ha pAalC, a TAKKE BBISBHTH
TEMIIEPATYPHBIE 30Hbl, KOTOPBIE COOTBETCTBYIOT BHICBOOOXKIEHUIO BJIATU C Pa3InyHOK HOPMOIi U SHEPTUEH CBS3H.

KuoueBble cjioBa: paric, CBA3b BJIary, TepMOFpaBHMeTpH‘-ICCKHﬁ aHaJIn3.
The research of moisture forms in the rape by the thermogravimetric
analysis method
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Abstract. The paper considers the method of thermogravimetric analysis, which is one of the few absolute methods of analysis, which makes it one of the most
accurate methods. In this study, a thermogravimetric analysis of rapeseed was carried out, which allowed to determine the temperature zones corresponding to moisture
removal with different binding energy, which makes it possible to predict the regime parameters of the process of moisture removal and to choose the most effective
way of their dehydration. Studies were conducted in the laboratory of the center for collective use "Control and management of energy efficient projects" of the
"Voronezh State University of Engineering Technologies" on the device of synchronous thermal analysis model STA 449 F3 (NETZSCH, Germany) the Device
records the change in the mass of matter and the difference in the heat flow in the crucible containing the sample, and the crucible containing the standard of the test
substance. The principle of operation of the analyzer is based on the constant recording of the dependence of the change in the mass of the material on time or
temperature when it is heated in accordance with a given temperature program in the established gas atmosphere. At the same time, heat release or absorption by the
sample due to phase transitions or chemical reactions is recorded. The study was performed in the following modes: pressure is atmospheric, the maximum temperature
of 413 K, the rate of change of temperature of 5 “C/min. For the experiment using aluminum crucibles with a total weight of 12 mg. NETZSCH Proteus software was
used to build the resulting Tg and DTG dependencies. The obtained dependences allowed to identify the periods of water dehydration and conversion of dry substances
under thermal effects on rapeseed, as well as to identify the temperature zones that correspond to the release of moisture with different forms and binding energy.
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IIpu 3TOM BNMSIHME pa3Mepa 4acTHIl HA pe-
3yJIbTAaThl TEPMOTPAaBUMETPUUECKOTO H3MEPEHHUS
JIOBOJIBHO MaJlo M3y4eHbl. Pa3Mep 4acTuil BIUsSET

Beenenne
TepmorpaBumerpuueckuii (TT'A) anamus
SIBIIIETCS TIPEUM3UOHHBIM  METOJOM  aHaju3a

Y COBEPIICHHBIM 3KCIEPUMEHTAIEHBEIM METOOM,
KOTOPBIN 3aKITI0OYAETCSI B U3MEPEHUHN 3aBUCUMOCTH
Macchl 00pasiia OT TeMIIEpaTyphl CPEJibl B KOTOPYIO
OH TIOMEIIEH MPU TTOCTOSHHON CKOPOCTH H3MEHEe-

Ha Tporecc MUPPY3UU BBIIEISIONINXCS Ta30B,
YTO CKa3bIBAETCS Ha CKOPOCTH PEAKIIMH U COOTBET-
CTBEHHO Ha (hopMme KpuBOH. UeM MeHbIIE pazMmep
YaCTHIl, TEM OBICTpEE JOCTUTAETCS PAaBHOBECHE H

HUSI TEMIIEPATYPBI.
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TeM Oouiblie 1uisl J1I000H 3aJaHHON TeMIepaTyphl
CTEIEHb Pa3JI0KEHUS.

Jisl HaXOXKIEHUS pallMOHAIbHBIX PEKUMOB
CYLIKH CEMSH parca He0OXOAMMBI HUCCIIEIOBaHUS
(hopM CBsI3M BIIATW C MaTEpPHAIOM U ONpEAETICHUs
TEMITIEPATYPHBIX PEXUMOB, Ha KOTOPBIX MPOUCXOJUT
CTPYKTypHOE W3MEHEHHE TMpoJayKkTa. B ocHoBe
JAHHOM PabOTHI JIEKUT METOJ TepMOrpaMeTpHrye-
CKOTO aHaJIN3a, KOTOPBIA MO3BOJISET MOIYYHUThH
JIaHHBIE O MEXaHH3ME€ BJAaroyJajleHusi, BBIIBUTH
TEMIIEPATypHBIE PEXUMBI, a TaKXKe KOJIUYECTBO
BJIATH, YAJII€MOM U3 MaTepuana.

MarepuaJibl 1 MeTOABI

B nmpencraBneHHOM —HCCIEOBaHHH  BCE
W3MEpEeHHs] MPOBOAWINCH Ha MPUOOpEe CHHXPOH-
HOTro TepMuydeckoro ananusa mozaenu STA 449 F3
Jupiter (NETZSCH, I'epmanus) (pucyHoxk 1, 2)
c JepxkaTeneM oOpasia TUHa S B aJIOMUHHEBOM
TUTJIE C IIPOKOJIOTOM KPBILIKOW, U3MEPEHUS IIPOBO-
JIMITUCH B cpeie a30Ta Kitacca 5,0 (pacxo akTUBHOTO
raza 50 MJI/MUH, 3aIIUTHOTO — 20 MJI/MUH).

Pucynok 1. IIpubop CHHXPOHHOTO TEPMHUYECKOTO
ananuza mozpenu STA 449 F3 Jupiter

Figure 1. Simultaneous thermal analysis device STA
449 F3 model Jupiter
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Hcnonb3yemblil TepMOaHAIU3ATOP COCTOUT
W3 BECOBOI CHCTEMBI, ieprkaTelisi 00pasia, KOTOPhIH
pasmernaercss B Kamepe M€Yl U IIOIXbEMHOTO
YCTpOICTBa Meur. 3aIyCcK U3MEPEHHs], PErUCTPaLys
U KOHTPOJb MOKa3aHUM Macchl, TEMIEpaTypsl U
BPEMEHH IPOU3BOAMINCEH C MIOMOILBIO MPOrpaMM-
Horo obOecneueHus Proteus, ycTaHOBIEHHOTO Ha
MepcoOHaABHBIN KoMnbioTep. [1, 2, 5].

[MpuHnun paGoThl TEPMUYECKOTO aHaIH3a-
TOpa OCHOBaH Ha HEMPEPHIBHONW PETHUCTpPAIlUN
3aBUCHMOCTH MAaccChl MaTepualia, U3MEeHSIoUecs
BO BPEMEHH, OT TEMIIEpaTyphl MPH €ro HarpeBaHHH
B COOTBETCTBHM C 33/IaHHOM TeMIIEpaTypHOU Ipo-
rpaMMoii B BRIOpaHHOH razoBoii atMocdepe [1, 2, 5].

HWccnenoBanns mpoBOIMIIN MTPH CIIEAYOLTIX
peXUMax: JaBieHHE — aTMOC(epHOe, MaKCHMallb-
Hasg Temmeparypa 413 K, ckopocTh H3MEHEHUs
temneparypsl 5 °C/muH. [3] B ombiTe ucmonb30-
BaJll aJIOMUHHUEBBIE THIIIA C OOMIEH Maccoii
HaBeCKHU 12 mr.
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PucyHok 2. BHyTpeHHEE YCTPOWCTBO NPHOOpa CHHXPOH-
HOro TepMuyeckoro aHanusa mozenu STA 449 F3 Jupiter
Figure 2. The internal structure of the device simultaneous
thermal analysis model STA 449 F3 Jupiter
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PucyHok 3. DkcrniepiMeHTalIbHbIC 3aBUCHMOCTH U3MeHEeHHUs Macchl o0pasua TT u ckopoctu m3menenust maccol JJTT

Figure 3. Experimental dependences of the mass change of the sample TG and the rate of mass DTG change
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Ha pucynke 3 npencraBieHbl pe3ysbTaThl,
MOJIy4YEHHBIE B XOJI€ BBINIOJHEHUS TEPMOTpaBU-
METPUYECKOTO aHAJIN3a: KPUBasi U3MEHEHNUS MaCChI
Matepuana TI', KpuBas CKOpOCTH HW3MEHEHMS
maccel JTT. U3 rpapuxa kpusoir TI' BuzHO,
YTO B POLIECCE HAarpeBa MaTepuaia HabIroIaeTcs
MOHOTOHHOE YMEHBLICHHE Macchl 00pasla,
YTO CBSI3aHO ¢ rotepeit Biard. C 1eNbo NOoMy4YeHNs
3aBUCHMOCTH CTEIICHN U3MEHEHHUS MACChl MaTepraia
(crerreHn TIpeBpamieHHs) 0O  OT TEMIEPaTypHI
HCHONB3YETCA YacTh KPUBOU M3MeHeHus: Macchl 1T,
COOTBETCTBYIOIIEH MTPOLECCY AETUAPATALUN.

CreneHp N3MEHEHHUs] MacChl 0 PACCUMTHIBACTCS
KaK OTHOILIECHUE H3MEHEHUSI MACCBI MaTepHaNa Aniosu:

[TocTpoenHas 3aBUCHMOCTE UMeEET S-o0pas-
HEIH BU (PUCYHOK 4), OTpaXKaroImnid HeTMHEHHBIN
XapakTep B3aUMOJECHCTBHUS BIArW W CyXHX Be-
LIECTB B MaTepuaje, W IpeAroyaraeT pasHbIe
YYACTKM TIOJYYEHHOH KpHUBOM ¢ pa3Iu4yHBIMU
CKOPOCTSIMH JIeTUAPATAIHH.

Jis  ycTaHOBIEHUS YETKMX HWHTEPBAJOB
TeMIIepaTyp | MOdydeHHs1 MOAPOOHOrO MeXaHM3Ma
yAalleHWs BIIATHW, a TakKe€ KOJMYecTBa BIArH,
yaaiseMol W3 Marepuaiia, HCIONB3YeTcs KpHBas
3aBuCcHMOCTH (-1g o) oT Bermumab 10%/T (pucyHok 5).
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PucyHok 4. 3aBHCHMOCTB CTENIEHN M3MEHEHHSI Macchl o OT Temiieparypbl T MaTepualia [py HarpeBaHUM O CKOPOCThIO 5 °C/MUH

Figure 4. The dependence of mass a change degree on the temperature T of the material being heated with at 5 °C/min speed
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Figure 5. The dependence of (-Ig @) on the value of 10%/T being heated with a rate of temperature rise of 10 K/min

1, 2 and 3 periods of drying
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Ha pucynke 5 BuIHO, YTO yIaJ€HUE BIard
W3 parca MpPOWCXOIUT CcTyneHdaTo. Paccmorpum
6oJee moIpoOHO KA bl n3 ydacTkoB. Ha I atarme
(uatepBan Ttemmepatryp 301-315K) wmartepuan
HarpeBaeTcs U yJanseTcs U3 JByX 00pasIoB parca
paBHOMEpPHO  (PHU3HKO-MEXaHUYECKH CBs3aHHAA
BJara, HMMEIOIIas HEBBICOKYIO SHEPIUI0 CBS3H
¢ marepuaniom. Ha Il atane (maTEpBaN TEMIIEpaTyp
315-398 K) ymanmsercs OCMOTHYECKH CBS3aHHas
BJIara, B CBEXKEM PAIICE CBSI3b BIIATH C MATEPHAIOM
crnabee, ueM B mpouwioroanem. 11 atan (naTEepBan
temmeparyp 398—408 K) xapakrepusyercss ocBO-
OOXKIEHUEM  anCOpPOITMOHHO-CBSI3aHHON  BIIATH,
B CBE)KEM parice aJIcOpOLIMOHHAs CBA3b CHIIbHEE, YEM
B npouutorogHeM. IIpu nanpHeieM yBeIuueHun
TEMIIEpaTypbl HauWHAETCAd yAalleHHe XUMHUYECKH
CBsI3aHHOU (TIOJTMAICOPOLIOHHON W MOHOAJICOPOIIH-
OHHOM) BIIar#, MPOMCXOAUT AECTPYKIHS MaTepHraia
C BBIJICICHHEM Ta3000pa3HbIX COCTABIISIOLIHX.
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3akioueHne
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CrocoOBbl yJjaleHus BIIaru U3 MaTepuana.
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