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Abstract: The study of kinetics of organic mass thermal decomposition of coal of Maykuben deposit

Study objective: identification of dependences of kinetic parameters of thermal degradation of coal organic mass
(COM) on heat velocity and temperature, and fractional composition of coal using derivatografic method.

Study method: derivatografic analysis.

Results: during the study we identified three stages of main decomposition of COM on the curves of differential
thermogravimetric analysis (DTG) and differential thermal analysis (DTA) with two endothermic and exothermic
peaks with the maximum rate of weight loss at temperatures T, in intervals 140-240 °C, 470-570°C and 360-460 °C
respectively. An increase in the heat up rate p from 3 to 15 degrees C/min resulted in a shift of the temperature T,
towards high values on the value AT, = 100°C for all stages of COM decomposition.

The following kinetic parameters: the rate constants k.. (corresponding to the highest rates of mass loss, i.c. to
the maximums of the main decomposition on the DTG curves); loss of the masses of coal samples, the pre-
exponential factor ko and activation energy E,cr were calculated using developed computer program with Fortran
algorithmic language (using the compiler "Compaq Visual Fortran) for main stages of thermal decomposition of
COM. These parameters describe the overall processes of thermal decomposition of COM, so they are considered as
"effective parameters" of formal kinetics.

Activation barriers of substances decomposing at different stages of thermal destruction of coal increase
approximately in 2 times at temperature increase, while the probability of rupture of certain types of bonds increases
considerably in the process of degradation, as evidenced by the differences between the velocity constants kO of 1™
and 2™ stages (1-2 orders). At the same time E,, related to the 2nd stage of decomposition slightly reduces (up 9%)
with increasing of heating rate.

With increasing of v, process velocity of destruction of COM in all stages of decomposition of COM with
increasing of heating rate [, the latter has more significant impact on the rupture of bonds with greater activation
energy Eacr. However, the relationship between vy, Avy.c and beta describes by functions that are close to linear
(Av,. 1s the difference between the v, values at the points of inflection Av,,. on the 1st and 2nd stages).

Thus, the results of thermal analysis can be used for investigation of the mechanisms and determining of the
optimal technological parameters of process of coal thermal processing as hydrogenation, coking, semi-coking,
gasification and etc.




H3zeecmua Hayuonanvroti akademuu Hayx Pecnybnuxu Kasaxcman

[lenvro pabomvi SABISETCA H3YUCHHC BIUSHUSA CKOPOCTH M TCMIICPATYphl HATPEBA, a TAKKe (DPAKUHOHHOTO
COCTaBa VI HA KHHETHYECKHUE MAPAMETPBI TEPMUUECKOH aecTpykund OMY MalkyOeHCKOTO MECTOPOIKICHHUS.

Memoo uccneoosanus: nepuBaTOrpaQUICCKUN aHAH?3.

Pesynomamol pabomvi: VI3y4eHO BIASHAC CKOPOCTH H TEMIICPATYPhI HATPEBa H (PPAKUHOHHOTO coctaBa OMY
HA KHHCTHYCCKHE IApaMETPhl IPOIECCa TEPMUYCCKOH aecTpykimu OMY, paccCuWTaHHBIE C HCIOJIBb30BAHUEM
Pa3pabOTAaHHON KOMITBIOTCPHOHW MPOTPAMMBI HA AJITOPHTMHYCCKOM A3bIKe Fortran. BRIABICHBI OCHOBHBIC CTaIHH
pazaokeHrs OMY. VCTaHOBACHO, YTO CKOPOCTh HArpeBa OOpasmoB YINIA 3aMCTHO BIHACT HA 3HAYCHHA
TEMIIEPATYPbl W CKOPOCTH IIPOLECCA, COOTBETCTBYIOHIME MAKCHMyMaM OCHOBHOTO  PA3IOKCHHSI HA
muddeperumanpueix  kpupblx JTT. IlpoaHanus3mpoBaHa 3aBHCHMOCTh MEKAY KHHCTHUCCKHMH HApaMETpaMHu
TEPMOJCCTPYKINH YITISI B MHTEPBAJC TEMIICPATYP OCHOBHOTO pasnokeHmst OMY OT CKOPOCTH W TEMIICpPATyphI
HArpesa W (PPaKIHOHHOTO COCTABA, a TAKXKEC MEXKAY KMHETHUCCKHMM ITAPAMETPAMH HA PA3HBIX CTAAUIX OCHOBHOTO
PA3IMOKCHUS YT

Obnacmv npumereHus. Pe3yIbTaThl MPOBSACHHOTO TCPMHYMECKOTO AHANH3Aa MOTYT OBITh HCIOJIBb30BAHBI MPH
HCCIICI0OBAHUA MEXAHU3MOB TAKHUX IPOLECCOB TEPMHUYUCCKON MIEPEPaOOTKH YTIICH Kak THAPOTCHU3ANNSI, KOKCOBAHIC,
TOJTYKOKCOBAHHC, TA3H(DHKAINA | JIP.

KimoueBbie cioBa: mepuBarorpaMHuecKuii aHAMM3, YIOIb, TEPMHUUCCKAs AccTpyKuus, kpusble JTT, xuHeTH-
YECKHE NMAPAMETPhI, CTATNHU PA3IOKEHHUS, CKOPOCTh HATPEBA.

Tipex cezaepi: aepuBarorpaduislk Tamgay, kemip, TepMmsaiablK Oy3sity, JITT' KHCBIKTaphl, KHHETHUKAIBIK
TapaMeTpep, bIABIPAY KE3CHAEPI, KbI3ABIPY *KbLITAMIAFEL

Beoanast uactn

MayueHre nporieccoB, MPOTCKAIIUX B TEMICPATYPHOM HHTEPBAIC OCHOBHOTrO pasznoskeHus OMY,
MO3BOJISACT MOHATh KAaK OOIMUEC 3aKOHOMEPHOCTH, TaK M CHCHHU(PHKY Pa3jioKEeHUS TBEPABIX TOILIHB. JTOT
TEMICPATYPHBIH HHTEPBA UCMOIB3YETCS IS PacdeTa KHHETHUCCKUX NMApaMeTpoOB MPOLIECCa, KOTOPHIC
HECYT BAKHYH) HHPOPMAIMIO KAaK O XapPaKTePe CTPYKTYPHO-XHMHUCCKUX TMPCBPAIICHUH, TaK U O
CTPYKTYpe © HampasicHuu tepmoaectpykumu OMY. ITlpm 3TOoM, COCTaB M CBOWCTBA MPOAYKTOB
TCPMHUUCCKON MEPepPabOTKH YIVICH 3aBUCIT HE TOJABKO OT UX CTPYKTYPHO-XHMHUCCKHX XAPAKTCPHUCTHK,
MPUPOIBI PA3THIHBIX XUMHYCCKUX M00aBOK, TCMIICPATYPhI, JABJICHUS, COCTaBA CPEABI, HO U OT pasMepa
YTOJIbHBIX YAaCTHUI[ M XapaKkTepa HArpeBa (MEAICHHbBIN, CKOPOCTHOM) [1].

Llenapro maHHOM PabOTHI SBISCTCS HU3YUCHHE BIMSHHUS CKOPOCTH M TEMIICPATYPHI HAIPEBA, 4 TAKKES
(paKIMOHHOTO COCTaBa YINISE HA KHUHCTHUCCKUC MApaMETPhl TEPMHYCCKOM mecTpykimu OMY
MaiikyGeHCKOTO MECTOPOKICHHSL.

MeTtoauka

B xome wuccreaoBaHHS NPOBEACHO TEPMOXHMHUYCCKOE HCCICIOBAHUE MPOLECCAa TEPMHUICCKOM
JCCTPYKLHH OPraHUICCKONW Macchl yriag MalkyOeHCKOT0 MECTOPOXKACHH. JKCIICPUMCHTH IPOBOAMIN HA
nepusarorpade «Thermoster Eltra» (I'epmanusg) mpu pasHBIX CKOPOCTAX HarpeBa B mpeaenax 3-15
rpag/MuH u Qpakuusax yriacd ¢ pasmepamu rpanyn d=0,2-5 mm. Harpes o0pa3uoB mpoBOAWICH B
KEPAMHUECKHX THIVISIX B MHTEpBate Temmeparyp 30-900 °C B unepTHOl cpene asora. Hapecka o6pasuos
cocrasina | rpamm.

Jis xapakTepucTuku mporecca TepMuueckoi aectpykiuuu OMY BeiOpaHbl CICAYIOIIHE MOKa-
3aTeNy: NOTepU Macc OOpasLoB B Pa3NHYHBIX TEMICPATYPHBIX HHTEPBAIAX, TEMIEPATYPhl Ty,
CKOPOCTH Viyp,y, KOHCTAHTBI CKOPOCTH Ky,x, COOTBETCTBYIOIINEC HAUOOMBINCH CKOPOCTH HMOTEPH MAaCCHI,
T.€. MAKCUMyMaM OCHOBHOro pasnoxkeHus Ha kpuBbix DTG B Toukax meperuba; mpeadKCIOHCHIH-
anbHBI MHOXKUTENb ko v 3Heprus aktuBauud E,,, OTHOCAIHECS K CTAIUSIM OCHOBHOTO TEPMHYECCKOTO
pasmokeHus yrisi. B cuiay MHOrooOpasus U CIIOKHOCTH (PHU3MKO-XUMHUYCCKHX MPECBPAIICHUN TaHHBIC
KHHCTHYCCKHC TapaMETPhl OMUCHIBAIOT HE ONPEACICHHBIC PEAKIMH, & CYMMAPHBIC MPOLIECCH TCPMHUE-
ckoro tepmudeckoro paznoxeaus OMY, mosToMy OHH paccMaTpHBAIOTCA Kak «3¢(EKTHBHBIC Tapa-
METpBD» GOpMaNTbHON KHHETHKH [1].

Marematnueckyro  0OpabOTKy  ACpHBATOrpaMM MNPOBOJWIM IO  CICAYIOIIEMY — AITOPHTMY.
Kunernueckne napaMeTpbl OCHOBHOTO TepMuueckoro pasnoxkeHus OMY ompelensiii Ha OCHOBE
YPaBHCHUH HEU3OTCPMHUCCKONM (opmanpHOUW KuHCTHKH [2]. B Ka4ecTBe HMCXOJHOTO YPABHCHUS
WCIOIB3YCTCS 3aKOH ApPPCHHYCA, OMUCHIBAIOIIME 3aBUCHMOCTh KOHCTaHTHI Ckopoctu peakiuuu (k) ot
TEMIICPATYPHL:
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rae ko — mpersKCrnoHeHIHATBHBIH MHOKHUTEIb, £ — SHEprus akTuBauuy;, /' — abCcomoOTHAS TEMIIEpaTypa.
VYpasuenue (1) MoxHO npeacTaButh B quddepeHunaisHol Gopme:

v @

[JIC V — CKOPOCTh MporLeccea, o — crencHb npespaineHus OMY | f (o) — GyHKIMS CTENCHH TPSBPALICHHUS.
COI‘J'IaCHO OSKCIICPUMCHTAJIPHBIM JTaHHBIM [3], nponcCChl OCHOBHOTO TCPMHUYCCKOTO PA3JIOKCHUA YTUIA

MPOTCKAKOT MO MepBoMy mopsiaky, modromy ¢yekmus f (o) = 1 — o Torma mpu nomouru
norapumMuposanus ypaBHeHHE (2) mpeoOpa3yeTcs K BULY:
1 d E
In|— 2% |=Ink, - — 3)
l-a dr RT
Ypasrenue (3) nmpeacTaBsieT coO0M MMHEHHOE YPaBHEHUE y=b+a X, B KOTOPOM ) = ln[ 1 . da}
l-a dt

b = Ink,, a = -E, x = 1/RT, uT0 N03BONIET VIOKUTh SKCIICPUMCHTANBHBIC TOUKH Ha TPSAMYIO, TIO0 TAHTCHCY
yI7Ia HAaKIOHA KOTOPOH K OCH abCIHCC MOXKHO BBIYHCIUTH SHEPTHIO AKTUBALMH IPOLECCA, & IO OTPE3KY,
OTCEKAEMOMY II0 OCH OPAMHAT, — MPEAIKCIIOHEHTY .

Jns monydeHUs HaJEeKHBIX PE3yNbTATOB AKCICPUMCHTAIBHBIC JAHHBIC PACCUUTHIBAIOT MO METOAY
HAMMCHBIIUX KBAAPATOB, COTIACHO KOTOPOMY K03(pHIIMECHTE a 1 b paBHEL:

nZn:xiyi_Zn:xiZn:yi zyi_azxi

a= izln izln Zi b=t &l p i=1 4)
i3 -3
i=1 i=1

CpeaHeKBaIpaTUYHBIC OIIMOKKA ONPSACTCHUS a W b (a 3HAYAT W DHCPTHHM AKTHBALMA U
MPEIIKCIIOHCHTHI) PACCUUTHIBAIOT KAK:
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Hcxoas uz (4) onpeaeasitoT S3HSPTUI0 AKTUBALMH U TTPCIIKCIOHCHTY ;

1 da) & 1 do 1
§ § —
E:Z‘n(l—a d‘rj ZRT Z:n[l » d‘rj RT (6)
n 1 2 n 1 2
Z[RT] _[;RTj
Zln 1 Zln
i=1 1 (94 i=1 (7)
k, =exp
n

Jlns1 pacyeTa KHHETUYECKUX MapaMeTpPOB TePMUUYECKOH AecTpyKiud OMY ¢ ucnosb3oBaHUEM
BbIIIENPUBEJEHHBIX YypaBHeHUH (1-7) 6bliia pa3paboTaHa KOMIbIOTEpPHAas MporpaMMa Ha
aNropuTMU-yeckoM f3blke Fortran (¢ mcmone3oBanmeMm xommumitopa «Compaq Visual Fortran), B
KOTOpOI\/'I HUCXOOHBIMHU AAHHBIMH SABJISAIOTCA. MACCHBBI 3HAYCHUH MAaCCHI (HaBCCOK HCPA3IOKUBILICTOCA
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