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Yxpaina
Ipencrasneni pe3yabTa-
™ JIOCHIIKEHHS METOIAMU

nepusarorpadii Ta peHTreHocl)a:sOBo—
ro aHami3y TEePMIYHHX BJIACTUBOCTEH
TBEPIIOTO 3AIUIIKY (PE3epPHOTO TOP-
Gy micnsi ekcTparyBaHHS T'yMYCOBHX
PEUOBMH 3 METOI0 BHM3HAYCHHsS HOTO
BIJIIOBIAHOCTI BUMOram J10 najus. [1o-
Ka3aHo, IO TeMIIepaTypHi IHTEpBaIH
TEPMIYHOTO PO3KJIAIaHHS OPTaHITHUX
PEUYOBMH 3alMIIKy 3HAYHO IIWPIII
3a Taki 4ucToro topdy, a ix Benuuu-
Ha TPSIMO 3aJICKUTH BiJ TeMIepary-
pu excrpakiii. BcraHoBieHo, mo B
005acTi BUCOKMX TEeMIIepaTyp 3a yda-
CTIO OKCHIIB KaJbI[iII0 Ta KPEMHIIO, a
TaKoX 10HIB HATPIl0 B 3QJIUINKY YT-
BOPIOIOTHCSI HOBI TBepli ¢azu. Buxo-
HaHO TOPIBHSHHS TEIUIOBHX €(EKTiB
TEPMIYHOTO PO3KJIQJaHHS OpPTraHIYHHX
peYOBHH TOPQY Ta 3aIHIIKY. 3ampoIo-
HOBaHO criocid BukopuctanHs 13T sk
MaJIBa.

bi6m. 14, Tabm. 1, puc. 8.

[IpeacraBneHst pe3yIbTaThl
UCCTICIOBAHUSI ~ METOJaMU  JIepH-
BaTorpaui. W  PEHTTEHO(A30BOTO
aHaJIu3a TEPMUYECKUX CBOMCTB TBEp-
Joro ocratka (pesepHoro topda Io-
CJIE SKCTparupoBaHus TYMYCOBBIX
BEILECTB C LEJIBIO ONPEIEIECHUs COOT-
BETCTBHUS €r0 TPeOOBAHHSM, MPEAbSB-
JsieMbIM K ToruiuBaM. [TokazaHo, 4To
TEMIIEPATypHbIE HMHTEPBAJbl TEPMHU-
YECKOTO Pa3JIOKEHHs OpPraHHMYeCKUX
BEILIECTB OCTaTKa 3HAYUTEIBHO Ooiiee
HIMPOKUE, ueM Topda, a WX BEITHYH-
HBI MPSIMO 3aBUCAT OT TEMIIEPATYPhI
IKCTPAKIMH. YCTAHOBJICHO, YTO B 00-
JIACTH BBICOKMX TEMIIEPATyp IPH y4da-
CTUU OKCUOOB KaJIbIWA U KPECMHUA, a
TaK)kKe MOHOB HaTpusi B OCTarke 00-
Pa30BBIBAIOTCS] HOBBIC TBEpAbBIC (Da3bl.
BBIMONHEHO ~ CpaBHEHUS]  TETUIOBBIX
3((PEKTOB TEPMHUECKOTO pa3IoKe-
HUS OPTaHUYECKUX BEMIECTB Topda u
ocrarka. [Ipemioxken crocod Ucrob-
30BaHMsI OCTATKa KaK TOILIMBA.

In this study the thermal gravimetric
and differential thermal analysis
(TGA&DTA) and X-ray diffraction used
to evaluate the thermal properties of solid
residues of milled peat after extraction
of humus substances to determine its
compliance with the requirements for
fuels. It was shown that the temperature
ranges of thermal decomposition
of organic substances in the residue
considerably wider than those of the peat,
and their values are directly depend on the
extraction temperature. It was found that
new solid phases in residues appeared
at high temperature in the presence of
calcium and silicic oxides and sodium
ions. Also the thermal effects during
the thermal decomposition of organic
matter and peat residue were compared.
The method of use residues as fuel was
proposed.

Kuouosi ciioBa: nepuBarorpadisi, peHTreHoda3oBuil aHam3, Topd, TYMyCOBl peYOBHHHU, TEPMIUYHE PO3KJIIa-

JTaHHS.
[ — IHTEHCUBHICTD BIIOHUTTH,

0—KyT maaiHHA-B1IOUTTS TyYKa pEHTT€HIBCHKOTO

BHHpOMiHIOBaHHH.

CkopoueHHs:
I'P — rymycoBi peuoBuHU;

ATA — mudepenuiabHAN TEPMIYHUHN aHAII3;

JTT — nudepenuianbHa TEpMOrpaBiMETpis;

P®A — pentrenodaszoBuii aHami3;

T — remneparypa;

TI" — TepmorpaBimeTpis;

T3T—TBepauii 3amuiok Topgy micis eKCTpaKiii.

Bcmyn
Eneprernka Ykpainu mepexuBae HE Kparli CBOL
gacu. OOMaip KOIITIB B Jep)kKaBi, BHCOKI IIIHM Ha
NPUPOTHUI ra3, Ma3yT Ta 1HIL BUKOITHI BU/M MajuBa
3MYIIYIOTh 1HTEHCU(IKYBaTH PO3BUTOK BHUPOOHMIIT-
Ba AJIBTCPHATUBHUX BHUJIIB TAJMBA Ta BiIHOBJIIOBATH

BuA00yTOK TOpdy. Ilpore KpiM eHepreTMyHoro BU-
KOpPHCTaHHS TOpQ IIMPOKO 3aCTOCOBYETHCS SIK JIO-
OprBO 1 MOke OyTH CHpPOBHHOIO IJIi BHPOOHHIIT-
Ba (Di3iONOTIYHO AaKTUBHMX PEYOBMH HA OCHOBI
rymycoBux pedoBuH (I'P), 1o BXomsTh 10 HOTO CKIla-
Iy, JUTSI BAKOPUCTAHHS B POCIMHHUIITRBI, Ca/IIBHUIITBI,
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NCIMONb30BAHUE N COKUTAHWE TOTNNBA

TBApUHHUIITBI Ta BUPOOHUITBI KOpMiB [ 1—4]. B ymoBax
TOCTPOi HEOOXITHOCTI B 30UIbIICHH]I MPOIYKTHBHOCTI
CUTBCHKOTO TOCHO/IAPCTBA HAraJlbHUM CTa€ THTAHHS
KOMIUICKCHOTO BHKOpPHCTaHHA Topdy Ha TOopgoOpH-
KeTHUX 3aBojax. lpes momsirae B ToMy, 100 MEBHY
JacTUHy TOpdy, IO BUAOOYBAETHCS ISl CHEPIreTHY-
HUX 10TpeO, BUKOPUCTOBYBATH ISl BUPOOHMIITBA €K-
crpakty ['P, a TBepmuii 3aymmiok Topdy (T3T) micms
exctparyBanHsi [P, HampaBmsatu Ui BUpPOOHHUIITBA
NaJiuBa B TEXHOJOTTYHIN JiHIT TopdoOpukeTHoro 3a-
Boxy. Buxopucranns T3T B sikocTi manuBa BUMarae
JOCITIIKEHHSI KOTO BIACTHBOCTEH 3 METOIO0 BU3HAYCH-
HS BIIIOBITHOCTI HOr0 BUMOTaM JI0 ITAJINB.

Mamepianu ma memoou

Mamepianu. B nocnipkeHHI OyJ0  BUKOpH-
crano ¢pe3epHuil TOp( HUBHMHHOTO THUIY 3 POJIO-
BUIIa [pBaHIIEBCHKOTO TOPHOOPUKETHOTO — 3aBOIY
(YepniriBcbka 0011., M. CeMeHIBKa), TBEp/Il 3aJIUILKU
(bpezepHoro Topdy MICIA EKCTparyBaHHS TyMYCO-
BHX PEUOBHH Ta 301H T3T. EKCTpaKIIi}O 3MIHCHIOBAITI
B TIyJbCAIlITHOMY JHCIIEpraTopi YAApHOTO THITY [5]
micist 00poOKH TOopdy PO3UMHOM TiAPOKCHIY HATPIIO 3
pospaxynky 10 % NaOH na cyxy macy topdy. Tem-
repaTypy Ta 4ac eKCTparyBaHHS 3MIHIOBAIM B MEKax
20...100 °C ta 40...60 xB.

Memoou. TepmiuHl OCHIPKEHHS TTPOBOIMIN
B nepuBarorpadi Q-1000 cucremu Paulik-Paulik-
Erdey (dbipma «MOM», Vropmmna) [6] B miamazoHi
20...1000 °C mpum mBuakocti HarpiBanHs 7,4 K/xB.
3pa3ku  pO3MILIYBAIM B  BIAKPUTUH  KOHIYHMA
KEepaMIYHHW TUTeNThb O€3 CTUCKaHHS, IIapoOM, BHCO-
toro 10...11 mm. Armocdeporo ciayryBaio Hepy-
XOMe TIOBITps. B sSKOCTI iHEpTHOI PEYOBMHU B THIII
MOPIBHSIHHSI  BUKOPUCTOBYBAJIM OKCHJ  AJIOMIHIIO.
Kopekuito mxamu Ttemmneparyp 3IiMCHIOBAIM  TIO

TeMIeparypi Iepexomy Ksapimy 3 do- B [P-popmy

(573 °C) [7]. BimxuneHHs Temreparypu HeE Tepe-
punrysaio =1 K. 361p Ta 00poOka iHpopMmamii 3
nepusarorpada  3AIMCHIOBAJIMCH 32 JIOTIOMO-
IO IIPUKJIATHOL KOMIT  FOT€PHOI1 Iporpamu
«Derivatography, cTBOpeHOI B CEpeIOBHIII ITPOTPaMy-
BanHs Delphi [8].

HepuBarorpadiuauii  meton, w0 00 €IHYE

TCpMOl’paBiMeTpiIO (TF) 3 KJIACHYHUM JH(epeHItiab-
HUM TEPMIYHMM aHATi30M (I[TA) 3HAMIIOB IIMPOKE
3aCTOCYBaHHSI B HAyKOBUX JIOCTI/DKEHHSX Ta BHPOO-
HUuux Jaboparopisix [9 — 11]. Bin no3Bomnsie otpu-
Mary 1HGOPMAIIO TPO TMOBEMIHKY 1HIUBIIYaTbHUX

PEYOBMH 1 IX CHOJIYK B YMOBAax HPOrpaMOBaHOIO
HarpiBy. fIKicHa Ta KUIbKICHA OIlIHKA IPOIECIB, IO
BiZIOYBAIOTHCS MIPHU HArpiBaHHI 3pa3KiB, 3MIHCHIOETHCS
3a KpUBUMH 3MiHHU TeMnepatyp 3paska (T), iioro macu
(TI'), mudepenmansaoi  Tepmorpasimerpii  (JITT),
mo sBisie coboro moxiany Big kpusoi TI, ta JITA.
KpuBa JITA mpencramisie pi3HHINIO TEMIEpaTyp MK
3pa3KOM Ta IHEPTHUM MarepiajioM, Ja€ MOXJIUBICTh
11eHTU(IKYBaTH TEIJIOBI MPOLIECH, IO BiOYBarOTHCS
B 3pa3Ky IpuU HOro HarpiBaHHi. Y 3B’S3KYy 3 HasB-
HUM TEPMIYHUM OTIOPOM Marepiaily 3pa3Ka Ta CTIHOK
KEpaMIuyHOTO THIVISI TeMIleparypa MaKCUMYMIB ITiKiB
teroBux egektiB ([{TA) Buma 3a Temmeparypy
BIJIMIOBITHUX MAaKCUMYyMIB IIBUAKOCTI 3MIHM MacH
(JITT).

Pentrenodazopuii anaini3 (POA) tBepaoro 3amuii-
Ky TICJIsl eKCTparyBaHHs T'YMYCOBHUX PEUOBHMH 3 TOP-
¢y Ta 307M MICIA HArpiBaHHS TBEPIOTO 3AIUIIKY 10
1000 °C BukonyBaymm Ha mudpakrometpi JJPOH-4-07
y Bindinsrposanomy Hikenem Cu K BunpominioBanHi
aHoIy Ta reomerpii 3ioMku 1o bperry-bpenrano [12].

Peszynomamu oocniorcenv ma ananiz
00ePHCAHUX OAHUX

JlepuBarorpama Ha puCyHKy 1 BimoOpaskae rmporie-
CH, 110 Bl,Z[6yBaIOTI>C}I y bpesepromy Topdi npH #oro
HarpiBaHHi. SIKIII0 TpoBeCTH YMOBHY LIPSMY JHHIIO MK
novyaTkoM BigxusieHHs KpuBoi JI TA Bij ropu3oHTaIEHOT
IPsIMOI, SIKa € TATBEP/PKSHHSIM TEIUIOBOT pIBHOBAry B
cuctemMi B i3otepmiuHoMy pexumi (20 °C), mo mepe-
TUHY 3 KpHBOIO B Toulll ipu 781 °C, 110 BiamoBijgae
3aBEPIICHHIO BCIX TEPMIYHUX IIPOLECIB, OIAECPKUMO
HAMOUTBII BIpOTiAHY TependadyBaHy Oa3zoBy JiHIIO
nepuBatorpada, mono kpusoi ATA [13]. Bigxunenns
kpuBoi JITA Hrxue 6a30BOi JiHIT BKa3y€e HA HASIBHICTh
CHJIOTEPMIYHUX TPOIIECIB, BIOPY — Ha €K30TEPMIYHI.
Buxomstaw 3 11p0ro 6auanmo, 1110 110 202 °C peectpyeThes
CHIOTEPMIYHUI TPOIIEC 3HEBOAHEHHS TOpy, Micis
3aBEpPILECHHS SKOTO PO3MOYNHAETHCS BUIUICHHS TETLIO-
TH T10B’S13aHE 3 TEPMIYHUM PO3KJIaJAaHHSM OpraHIYHUX
pedoBHH, ke 3aBepiryeTbes pu 688 °C. B iHTepBani
688...781 °C crmocrepiraeMo eHIOTEPMIYHHUN TIPOIIEC
TEPMIYHOI TUCOITiaIlil KapOOHaTIB.

Brionomx BigMiYeHHX IHTEPBAJIB TeMIEparyp
Maca 3pa3Ka 3MEHIIYEThCs. Buxomsuu 3 Xomy KpuBOl
(ATT"), mBUIKICTh 3MEHIIICHHST MacH 3pa3Ka B TIPoLeci
TEpMIYHOI ieTpa/iallii OpraHiYHUX PeUOBHH 3MIHIOETHCS
B JIBa e€Tan, 1o oomesxeHi inTepBasiamu 202...393 ta
393...688 °C. Ha pucyHKy cxeMaTuyHO IOKa3aHa Me-
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TO/IMKA BU3HAUEHHS TEMIIEPAaTypHHUX 1HTEPBaJIB 3MIHU
Macu 3paska, BukopucroByroun kpusi TI" ta ITI. Ha
nepioMy etami po3kinamaerbess 46,31 % opraniku
3 cepeanboro mBuakicTio 0,023 %/c. Ha npyromy —
cepelHs IIBUAKICTh PO3KIAJAHHS 3MEHLIYETHCS 0
0,015 %/c. B pesynsrari Bunanenns CO, npu TepmidHii

Jqucomianii KapOOHarTiB, 3MEHILEHHS Macu 3pa3ka
cknamae 2,2 mr (abo 1,68 % Ha cyxy macy). Pesynsratu
BU3HAUCHHS BOJIOTOCTI, BMICTY OPraHIYHHX PEYOBHH,
KapOOHATy KaJbIIif0 Ta 30IbHOCTI TOpdy MpencTaBie-
HO B TaOMHII.
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Puc. 1. /lepusamozpama ppezeprozo mopghy. Maca 3paszka 184,4 me.

JepuBarorpadiuni  gocmipkeras 3paskiB 13T,
OZIepXKaHUX MPH PI3HUX Temneparypax excrpakiii I'P,
NoKasay, 1o 00podka Topdy pozunHom NaOH mpu-
3BOJIUTH HE TUIBKU JIO YTBOPEHHS PO3YMHHHX Yy BOJI
rymariB (coieil TYMIHOBHUX KHCJIOT), a 1 J0 SKICHUX
3MIH B OpraHiYHUX PEYOBHHAX, L0 3aJHIIAIOTHCSA B
T3T (puc. 2 ta 3). TepmiuHe po3KIaAaHHSI OpraHIYHIX
peyoBuH T3T Ha BiAMIHY Bl OpPraHiKd YUCTOrO TOp-
¢y B1iAOyBa€eThCS B OLTBII IIMPOKOMY TEMIIEPATYPHOMY
iHTepBa 1 mpoxoauth B Tpu etanu. Tak B T3T, oxep-
xanoro micist ekcrpakiii ['P mpu 100 °C mpotsrom
60 xB. (puc. 2), mepuMii eram CHOCTEepIra€Tbcs B
mTepBaiti 204...358 °C, npyrmii — 358...599 1 Tperiii

—599...931 °C. Cepenssi MBUAKICTb PO3KIIATAHHS
Ha IIMX eTanax, BianosigHo ckiagae 0,019, 0,011 ta
0,012 %/c. MakcuMaJIbHOI TIIBUIKOCTI PO3KJIaIaH-
Hs1 HaOyBae nipu 293, 444 ta 821 °C. IlopiBHIOIOUN
06aunMO, 110 MIBUJAKICTH TEPMIYHOTO PO3KIIQIAHHS
OpraHiYHUX PEYOBUH TOP(Y MEPEBUIILYE MIBUIKICTH
po3kiananas opraiyaux pedoBuH T3T.

3ompHicTh T3T 3HaYHO MeEHIIA 3a 30JIbHICTH
BuxigHOTO  Topdy (Tabmuist). OdveBUAHO B
pe3ynbrari JIeKaHTallii 4acTUHAa MiHEepaJbHUX pe-
YOBMH B BHIVIS/I KBApIIOBOTO TICKY Ta 3aJIMIIKIB
PaKoBUH MOJIIOCKIB BHIAISIEThCS 3 TOpdy, IO 1
BimoOpaxkaetbcs Ha 30mbHOCTI T3T. Tlpore BMmicT
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3o B T3T 3 migBUIIEHHSAM TeMIiepaTypy eKCTpaKLii
3pOCTaE, 110 TOB’sI3aHe 3 OUTBII IMOOKUMH TPOoIIeca-
MU B3a€MOJIii JIyTY 3 KOMIOHEHTaMH TOpQy.
30UTBIIICHHS] TEMITEPaTypy B3aEMOJIIT JIyTy 3 KOM-
noHeHtamu Topdy B mnpoteci excrpakuii ['P mpuzso-
JUTh JI0 PO3LIMPEHHS TEMIIEPATypHOTO Jiara3oHy
PO3KIIaIaHHs OpraHiuHuX pedoBrH 13T B BUCOKOTEM-
nepatypHy oonacte. Etanu TepMiuHOTO po3KIIaJaHHS

210

CTalOTh OUTh BUpXEHUMU (puC. 3). 3HWKEHHS IBUA-
KOCTEH PO3KJIaJaHHs Ta PO3MIMPEHHS TeMIepaTypHO-
TO Jiarna3oHy CBIIYaTh MPO 3MiHM, IO BiIOYyBaIOTHCS
B AKICHOMY CKyaji Topdy mpu ioro o0poOui siyrom.
HIMOBIpHO B pe3ynbrari B3a€MOII JIYTY 3 OpraHIuHUMU
KOMIIOHEHTaMd  Topdy  OJHOYACHO  yTBOPIOIOTH-
cs K po3unHHi cnionyku ['P 3 ionom Nat, Tak 1 He
PO3YMHHI, IO MAalOTh OUIBIy TEPMIYHY CTIMKICTb.
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Puc. 2. /lepusamozpama meepoozo 3anuuwiKy ppezeprnozo mopghy nicna ekcmpazysanua I'P
npu 100 °C npomsazom 60 xe. Maca 3pazka 194,90 me.

Ta0muis

Bwicrt, % Ha cyxy macy

BomnoricTts,

ITamuBo
%

Opranivni pe40BUHU

Kap6onatu

(B nepepaxynky Ha CaCO,) Joma

Topd

29,18

68,28

4,18

29,73

T3T micist eKkcTpakiiii

npu 20 °C, 40 xB. 11,81

80,97

4,18

17,35
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T3T micnst ekcTpakiii
ripu 80 °C, 40 X, 8,32 79,55 4,18 19,10
T3T micis ekcTpakiii
ripu 100 °C, 60 xB. 10,01 77,11 4,18 21,21
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TemnepaTtypa,©°C

Puc. 3. Kpuei /ITA ¢ppezepnozo mopghy (1) ma meepoozo 3anuwmky mop@y nicisa ekcmpazy8anns
I'P npu 20 °C npomsazom 40 xs. (2), 80 °C npomsazom 40 xe. (3) ma 100 °C npomsazom 60 xe. (4).

B ¢inanbHiil yacTHHI €K30TEpPMIYHMX IPOLECIB
B T3T cnocrepiraeTbcs pi3ke 30UTBIICHHS TEIIOBOI
MOTYXXHOCTI, 10 BiAOOpaKaeTbCsi B BUDIAI IIKIB
Ha KpuBux JITA, makcumymu TeMmeparypu sSKUX
3MIILYIOThCS B 00JACTh OLIBII BHCOKHUX TEMIEPATyp
(807— 860— 884 °C) mpu mimBUIICHHI Temrepa-
Typu ekcrpakuii (puc. 3). Sk BumHO 3 kpuBux [TA,
pi3Ke 30UTBLICHHS TEIIOBOI MOTY)KHOCTI BJIACTHBE
tinbku 3pazkam T3T. Lle cBimunTh mpo MMOBIpHICTH

YTBOPEHHS HOBUX (a3, siki (POpMYyIOTHCS TUIBKH MICIIs
TEPMIYHOI Jcotiariii kapOoHary Kasbiliro. Po3knanan-
Hs1 kKapOoHaty kanblito B T3T BiOyBaeTbCsi B TOMY K
TEMIIEpPaTypHOMY 1HTEpBai, IO 1 B YUCTOMY TOPi.
BinoOpaxaerscs Bono Ha kpuBux JITA B Bummsini He-
3HAYHOTO TPOrHMHY (puc. 3), K HACHIAOK HaKJIaJIaH-
HSl €HJIOTEPMIYHOIO MPOLECY TEPMIYHOI AMcoLialii
KapOOHATIB Ha OUIBII MOTYXHINA €K30TEPMIYHHUNA TPO-
IEC TEPMIYHOTO PO3KJIAJAaHHS OPraHIuHUX CHONIYyK. B
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3B ;131<y 3 OJIHOYaCHUM npOTlKaHH;IM B T3T Hpouecus
TEPMIYHOTO PO3K/IaIaHHsT OpraHiyHMX PEYOBHUH 1
KapOOHATiB BMICT OpraHiYHUX pPEUoBHH (Tal0i.) BH3-
HA4Y€HO NUIIXOM KOPETYBaHHS 3MIHM MacH 3pa3KiB
IIPY YMOBI PIBHOCTI BMICTY KapOOHATIB SIK BUX1IHOMY
Topi Tak 1 B T3T.

[lepeBipKy MOIMyIIEHHS TPO YTBOPEHHS HOBHX
(a3 Oymno 3mificieHo MetomoM PDA. TlopiBHIBHMI
aHam3 AU@PaKIMHUX JaHUX JO3BOJIUB TPOCTEKH-
TH 3a 3MiHOIO (pazoBoro ckiany T3T, onepkanux mpu
pi3HUX Temmeparypax ekcrparyBaHHs [P (puc. 4), ta
300U TiCs TepMivHoro poskiamanHs T3T B meui ne-

puBarorpada.
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Puc. 4. lugppakmocpamu T3T, ompumanozo
nicna excmpaxyii I'P npu 20, 80 ma 100 °C.
Hosnauenns: 1 — Si0,; 2 — CaCO;y;

X — Hel0enmughikosana ¢hasa.

Ha mudpakrorpamax 3paskie T3T (puc. 4)
Ha (oHI ABOX AMQPY3HHUX rajo 3 MaKCUMymMamH B
obmacTti 26 = 20...25 ta 35...45 rpan., BIAMOBITHUX
amMop(dHIi CKIAJOBIM 3pa3ka, CHOCTEPIralOThCs
nudpakiiiai miku. MUDKIUIOIKMHAL BiICTaH1, IO
iM BIZMIOBIZIAIOTH, JIO3BOJISIIOTH BITHECTH YACTUHY 3
HMX JIO KpucTaniunoi ¢asu kBapuy (SiO)) (JCPDS
kaptka Ne 85-1054) ta xameuuty (CaCO,) (JCPDS
kaptka Ne 83-578). Cepen kpuctaniqyaux ¢a3 KBapiy
€ TepeBa)xarouoro (a3or, 10 BHJIHO 3 BUCOKOTO
pIBHS IHTEHCHUBHOCTI HOro TiKiB. JleKijgbKa MiKiB He
BiJIHECEHI 70 MeBHOI (a3u. 31 301IbIIEHHIM TeMIIe-
parypu exctpakii 3 20 1o 100 °C cnocrepiraerbes
3pOCTaHHS YaCTKH KPUCTAIIYHUX PEYOBHH.
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Puc. 5. Jugppakmozpamu 3onu T3T, ompumanux
nicna excmpaxuyii I'P npu 20, 80 ma 100 °C.
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Puc. 6. lugppaxkmozpama 30nu T3T, ompumanozo
nicna excmpaxuyii I'P npu 100 °C. Ilo3nauennsn:
1-S8i0,; 2 — Na,CaSi;0 3 — Ca,Si0,;

X — Heidenmudghikosana gasa.

Ha nudpaxrorpamax 3paskiB 30111, OAep KaHOI
B pesyabrari HarpiBanHs T3T B meui gepuBartorpa-
¢a, KpiM TIKIB KBapIly, CIOCTEPITalOThCS BIAOUTTS
3 BHCOKMM pIBHEM IHTEHCHBHOCTI, $Ki MOXXHa
BiJTHECTH JIO CUJTIKATIB CKJIa Ly NaZCaSi3O8 1 CaZSiO A
(puc. 5). ToOro, mpu HarpiBanHi T3T mo 1000
°C BimOyBaeTbCs YTBOPEHHSI, SK MiHI-MyM, JBOX
cunikaris: Na,CaSi,O, ta Ca SiO,. 31 30inbmeHHaM
TeMIIepaTypu eKCTpaKuu FP no 100°C cniBBigHO-
HIEHHS] CHUJIIKATIB 30LIbIIYETHCS y611< Na,CaSi,0,.
YacTrHa KBapily HE BCTYTIA€ B PEaKIIii 1 SATHITACTHCS
BiIbHUM. Po3mm¢poBka mudpakrorpaM BHKOHaHA
Ha TPUKIaAl 3pas3ka 30mu, orpumanoi 3 T3T micns
exctpakuii ['P npu 100 °C, Ta npuBeaena Ha puc. 6.
B 30111, onepskaniii micist HarpiBanns 3pa3kiB T3T g0
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1000 °C, 3Ha4HO MEHLIMI BMICT KBapily 1 BiJICYTHE
BIIOUTTS KaJIbLIUTY, SIKHM B MPOILEC] TEPMIYHOI
nuconianii neperBoproeThes Ha CaO ta CO,. 3amicTh
OKCHJy KaJIbLiI0 Ta KBaply B Till ke KIJIbKOCTI
YTBOPIOETHCSL HOB1 KpHUCTaiyH1 pa3zu. MoxkHa mpu-
MyCTUTH, 1[0 B YMOBAX JYXXHOTO CEPEIOBHIIA, SKE
30epiraeTbCs B 3AIMIIKY Miciss OOpoOku TOpdy
NaOH, mpu BuCOKili TeMmrieparypi BigOyBarOThCS
peakuii 3a yuactio CaO, SiO, ra Na+ 3 yTBOpeHHAM
HOBUX (a3, 110 HpOTlKaIOTB eK30TepM1qH0 Peakiii
B KapOOHAT-CHIIIKATHUX CHCTEMax y MPUCYTHOCTI
JIy’KHHX CIIONK JOCHTH JOKJIAJHO JOCTIKeH] TTpU
BHCOKOMY BMicTi SiO, y mmxTi mpu BI/IpO6HI/ILlTB1
cka. TIOKA3aHO MOMTHBICTD YTBOPEHHSI CHJIIKATIB
KaJbllito npu Temmeparypax Hwkde 1000 °C [14].

YTBOpeHHs HOBHX (a3 MOXke OyTH HeOS3TEUHIM
npu cnairoBanHi JiyskHoro T3T, ogepxanoro 3 Top-
¢y 3 BUCOKMM BMICTOM KapOOHATy KaJbIIiIO Ta KBap-
Iy, B TOMKaX TEIUIOTCHEPATOPIB 3 KOJIOCHUKOBUMH
pENINTKaMH Yyepe3 CIiKaHHS 30JIH.

BuxopucroBytoun kpusi JTA, mo wmeroauii
HaBeZieHI B [13] Bu3HaueHI YMOBHI TEIUIOBI
e(peKTH eK30TepPMIUYHUX TMPOLECIB PO3KJIaJaHHI
OpraHIYHUX PEYOBUH MaJIMB, TAa PO3PAXOBaHi BEIH-
YUHU YMOBHUX MUTOMUX TEIUIOBUX €(PeKTiB (pHC. 7).

5009 4645
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Puc. 7. llopienannsa ymoeHux numomux
mennosux eghexkmie mepmiunozo po3K1a0aHHA
opzaniynux peuosun mopqyy (1) ma T3T nicna
excmpazysanns cymycoeux pevoseun npu 20 °C

npomsazom 40 xe. (2), npu 80 °C npomazom
40 xs. (3) ma npu 100 °C npomsazom 60 xa. (4).

3 pucyHKa BHJHO, W0 TEIUIOBI e(eKTH
TepMiuHOrO po3kiananHs T3T HuXKYI 3a TEMIOBHIA
edeKkT po3kia-gaHHa Gpe3epHoro Topdy i 3anexarhb
BiJl TEMIIEPaTypH €KCTPaKIIii. 3aJeKHICTh TETUIOBO-

ro e(eKTy TepMIUHOTO PO3KJIAJAAHHS B1Jl TEMIIEPATY-
pHU EKCTparyBaHHs KOPEJIOE 3 BUXOAOM PO3ZYMHHHUX
conelt ryMycoBUX KucCJOT. [Ipu migBHIIEHH] TeMIie-
parypu exctpakitii 3 20 g0 100 °C Buxia opraHiyHUX
PEUOBUH B EKCTPAaKT 30UIbLIyeThCA. UuM MeHIIe
3anmumaetbes B 13T opraHiyHMX pPEYOBHH MiCIs
eKCTpaklii coleld TyMyCOBHX KHCIOT 3 TOpdy
(Tabim.), THM MEHIIIUM € TETUIOBUH €(PEeKT TePMIdHO1
nectpykuii. OaepxaHi 3Ha4YEHHS TEIJIOBUX €(EKTIB
JeXKaTh 32 MEKaMH MPHUITYCTUMOI MOXUOKH BHU3HA-
YeHHS TEIUTOBUX e(PeKTiB B AepuBaTorpadi.

Ha nam momisia, 3cyB Temmneparypu OCTaHHbBO-
ro eK30TepMiuHoro miky Ha kpuBux J{TA B cropony
BHUCOKUX TeMIepaTyp 31 30UIbLICHHSIM TeMIIEpaTy-
pU eKCTparyBaHHS MOXKHA TMOSICHUTH PI3HUM CKJa-
oM T3T, mo Moxke MpUBECTH A0 3MIHU IIBUIKOCTI
1 xapakrepy B3aemonii kommnoHeHTiB T3T npu Bu-
COKHMX TemImeparypax (B Jy>KHOMY CEpEIOBHILI) Ta
BIJIMIHHOCTEH y (hpa30BOMY CKJIa/li 30J1H.

VIMOBIpHICTh CIiKaHHS 30JM MPHU CIIAJIOBAHHI
T3T 3 BHCOKMM BMICTOM KapOOHaTiB Ta KBap-
Iy 1 3HIDKEHHS TEIUIOBOTO €(EeKTy pO3KJIaJaHHs
T3T B nmopiBHSAHHI 3 YUCTUM TOPPOM 3MYIIYE PO3-
misinaty T3T sk no0aBKy A0 OCHOBHOIO NaJIMBA.
HepusatorpadiuHi T0CTiHKEHHS cyMmimieil Topdy 3
T3T nokazayiu, Mo TaKuW MAX1T € palioHaTbHUM.
B top¢’saux cymimax 3 Bmictom T3T 10, 30 Ta
50 % yTBOpeHHS HOBHX (ha3 HE 3apEECTPOBAHO
(puc. 8). Bnacmiok 3MEHIIEHHS 3arajbHOl
JY)KHOCTI1 CyMiIlIl TeMIIepaTypHUid IHTEpBaJ PO3KJiIa-
JTAaHHS OpPTaHIYHUX PEYOBUH 3BYXKYeThcs 3 551 10
514 °C, a TemmepaTypa 3aBEpILICHHsS PO3KJIaJaHHs
3meHmyetbes 3 750 °C mpu 50 % TT3 o 708 °C npu
10 % T3T.

Bucnoeku

Tepmiunamii anamniz gpesepHoro Topdy Ta TBEp-
JIOTO 3JTAIIKY TOPQY MICIs eKCTparyBaHHs TyMYyCO-
BUX PEYOBHMH MOKAa3aB, II0 TEPMiUHE PO3KIaJaHHS
3QUTUIIKY TPOXOIUTE B OUIBILI HIMPOKOMY TEMIIEpa-
TypHOMY IHTEpBaJli, BETUYMHA SIKOTO TPSIMO 3aJie-
KHUTD BiJ] TeMIIepaTypH eKCTpaKIIii.

[To BMiCTy OpraHi4yHUX PeYOBHH Yy (pe3epHOMY
Top(di Ta TBEpAOMY 3aNUIIKY TOPPYy MOXKHA CTBEp-
JUKYBATH, IO BUXIJ COJIEH TYMYCOBUX KHCJIOT Majio
3aJIeKHUTh BT TEMITEpaTypy €KCTPAKITIi.

TepMmiunuii Ta peHTreHo(a30BUM aHai3M II0-
Ka3aJid, 110 B MPOIEC] HArPIBaHHS €KCTPAKIIIHOIO
TBEpAOro  3ajduimiky  Topdy B IHTepBam
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800...900 °C yTBOpIOIOTHCS KpUCTaNiuH1 (a3u, K
pe3ynbTaT B3a€MOJII B JIy’)KHOMY CEPEJOBHII OKCH-
Iy KaJbllilo, KBapIly Ta 10Hy HaTpilo.

YTBOpEeHHSI HOBHMX KpUCTANIIYHUX (a3 MOoxke
OyTH HeOe3NeYHUM MpHU CIHAJIIOBAaHHI JIY>KHOTO
eKCTPAKLIHHOTO TBEPAOTO 3aJMILKYy 3 BHCOKUM
BMICTOM KapOOHaTy KajblliI0 Ta KBapily B TOMKax
TETIOTEHEPATOPiB 3 KOJIOCHUKOBUMH PELIITKAMH Ye-
pe3 HulaKyBaHHS (CIIKaHHS) 30J1U.

B 3B’s3Ky 3 mepexoloM Yy pO3UMH YacTUHU
OpraHiYHUX pedoBUH TOopdy mpu 0OpoOIIi Horo y-
TOM YMOBHHI ITUTOMHH TETUTOBUH €(DEKT TEPMIYHOTO
PO3KJIIaJaHHS TBEPAOTO EKCTPAKIIIHOIO 3ayuil-

Ky Topdy MeHIIe 3a TeIIoBHN e(eKT po3KIaJaHHs
Topdy.

BukopucTaHHsS TBEpHOr0 EKCTPAKIIHOTO 3a-
JUIIKY TOpQy SK TaJMBa TOTpeOye IiABUIICHHS
HOTr0 TEeTIOTBOPHOI 3aTHOCTI Ta 3HM)KEHHS Hebe3-
MKW YTBOPEHHS HOBUX (Da3 MUIIXOM BHTOTOBJICH-
HSl KOMITO3UIIIHHAX TAJMB 3 JOJaBaHHSIM YHCTOTO
Topdy, abo mepeBUHH, TBEpAUX MOOYTOBUX 1 MPO-
MUCJIOBHUX BIIXOAIB Ta 1HIIMX IaJUB 3 BUILOIO Te-
TUTIOTBOPHOIO 3JIaTHICTIO Ta HU3BKOIO 30JbHICTIO. Ha
Top(hoOprKeTHOMY 3aBOI 1151 TpodIEMa MOXKe OyTH
BUpIIICHA J03YBaHHSAM EKCTPAKLIHHOTO 3aJUIIKy
TOpQy B OCHOBHHI TEXHOJIOTTYHHH MOTIK.

34
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Puc. 8. Kpuei /ITA mopgy (1), T3T nicna ekcmpazyeanus cymycogux peuosun npu 80 °C (2),
cymiwent mopgpy 3 T3T ¢ xinokocmi 50 (3), 30 (4) ma 10 % (5) 0o macu cymiuii.
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STUDY OF THE THERMAL PROPERTIES
OF SOLID RESIDUES OF MILLED PEAT
AFTER THE HUMUS SUBSTANCES
EXTRACTION

Mykhailyk V.A.!, Snezhkin Yu.F.!,
Oranska O.1.%, Korinchevska T.V.!,
Korinchuk D.M.!

nstitute of Engineering Thermophysics of National
Academy of Sciences of Ukraine, 2a Zhelyabova
Str., Kyiv, 03680, Ukraine

*Chuiko Institute of Surface Chemistry of National

Academy of Sciences of Ukraine, 17 General
Naumov Str., Kyiv, 03164, Ukraine

The present research was aimed at evaluation
of the thermal properties of solid alkaline residue of
milled peat after extraction of humus substances to
determine conformity with its requirements fuels.
The thermal gravimetric and differential thermal
analysis (TGA&DTA) and X-ray diffraction were
used for these purposes. It was shown that the
temperature ranges of thermal decomposition of
organic substances in the residue considerably wider
than those of the peat, and there values are directly
depend on the extraction temperature. It was found
that at high temperature in the presence of calcium
oxide, silicon dioxide, and sodium ions in the residue
the solid phases with the following composition
Na,CaSi,0, and Ca,SiO, were appeared. These new
solid substances can scarify ash during combustion
in the furnaces with fire-grate. The thermal effects
during the thermal decomposition of organic matter
and peat residue were compared. It was demonstrated
that conventional specific heat effect of the thermal
decomposition of the residue is less than the thermal
effect of the original peat. These residues may be
used as a component of composite fuel with a high
calorific value and low ash content. The method of
using the residue as fuel for peat briquette factories
was proposed.

References 14, table 1, fig. 8.

Key words: thermal gravimetric and differential
thermal analysis (TGA&DTA), X-ray analysis, peat,
humus substances, thermal decomposition.

1. Gorovaja A.l, Orlov D.S., Shherbenko O.V.
Humic substances. — Kiev: Naukova dumka, 1995.
—304 p. (Rus.).

2. Humic substances in the biosphere / Pod
redakciej D.S. Orlova. — Moskva: Nauka, 1993. —
238 p. (Rus.).

3. Humic fertilizers. Theory and practice of
their application / Otvetstvennyj redaktor V.P.
Popov. — Kiev: Gosudarstvennoe izda-telstvo
selskohozjajstvennoj literatury, 1962. — 649 p. (Rus.).

4. Perminova I. V. Humic substances —a challenge
to chemists of the XXI century // Khimia i zhizn. —
2008. — Nel, — P. 51 — 55. (Rus.).

5. Chaika A.l., Horenko L.P, Ivanitskiy G.K.,
Korinchuk D.N. The intensification of the process of
dispersing lowland peat using pulsating dispersant //
Promyshlennaya teplotekhnika, 2013, T. 35, Ne 5, P.
22 —28. (Ukr.).

6. Derivatograph systemi Paulik F., Paulik
J., Erdei L. Theoretical foundations. Vengerskyi
optisheskyi zavod. — Budapesht, 1974. — 146 p.
(Rus.).

7. Rabinovich V.A.,Havin Z.la. Brief chemical
directory. Izdanie 2, ispravlennoe i dopolnennoe. Pod
obshei redakciey V.A. Rabinovicha. — Izdatelstvo
«Khimiay, Leningradskoe otdelenie, 1978. — 392 p.
(Rus.).

8. Mykhailyk V.A., Snezhkin Yu.F., Belinsky
V.T. Application of derivatograph to investigate the
influence thermal pretreatment on the kinetics of
drying plant materials. Tezisi IV Mezdunarodnoi
konferencii «Problemi promishlennoi teplotechnikiy.
26-30 septem-ber 2005. Kiev, Ukraine. — P. 349 —
350. (Rus.).

9. Gluschenko I.M. Thermal analysis of solid
fuels. —Moskva: «Metallurgia», 1968. — 192 p. (Rus.)

10. Topor N.D., Ogorodnikova L.P., Melchakova
L.V. Thermal analysis minerals and inorganic
compounds. — Moskva: Izdatelstvo MGU, 1987. —
190 p. (Rus.).

11. Boyko E.A. Comprehensive thermal analysis
of solid fossil fuels: Monograph (2nd edition,
revised and enlarged). Krasnoiarsk: Krasnoiarskii
gosudarstvennii tehnisheskii universitet, 2006. — 407
p. (Rus.)

12. Gorelik S.S., Skakov Yr. A., Rastorguev
L.N. X-ray and electronoptical analysis. Ushebnoe
posobie dla vuzov, 4-e izdanie. — Moskva.: [zdatelstvo

ISSN 0204-3602. Npowm. TennotexHuka, 2015, m. 37, Ne3 63



NCIMONb30BAHME N CKUTAHME TOIMNNBA

Nacionalnogo issledovatelskogo tehnologisheskogo
universiteta ,,MISiS*, 2002. — 359 p. (Rus.).

13. Mykhailyk V.A., Snezhkin Yu.F., Korinchuk
D.N. Thermal decomposition of pellet fuels based on
peat and wood // Promyshlennaya teplotekhnika, —
2014. - T.36,—Ne 2. — C. 13 —21. (Ukr.).

14. Conversion into the carbonate-silicate
systems. [Elektronniy resurs] Masterskay Svoego
Dela [sayt]. Rezhim dostupa: http://msd.com.ua/
obzhig-cementnogo-klinkera/prevrashheniya-v-
karbonat-silikatnyx-sistemax/.

Ilonyueno 03.03.2015
Received 03.03.2015

64

ISSN 0204-3602. Npom. TennotexHuka, 2015, m. 37, Ne3



