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OU3NKO-XUMUNYECKOE
OBOCHOBAHUE
OIIPEAEJEHUSA
KOHCTAHTBI CKOPOCTU
HU3KOTEMITEPATYPHOTO
OKUCJIEHUA YIJIEA

PaccmoTpeH BOMpPOC OKMUCAEHUA YIei, MPOUCXOAALLErO B WaXTHbIX yC-
NIOBUAX MO MHTEHCMBHOCTU CKOPOCTEN BHELIHErO U BHYTPEHHero mac-
conepeHoca, NpeAcTaBneHa pacyeTHan cxema guddysmm Kucnoposa B
chepryeckyo YroabHYH YacTuLy M cXxembl N1abopaTopHbIX MCCAea0Ba-
HWIA, AaHbl aHaNUTUYECKNE ypaBHEHUA onpedesneHns KoadpduumeHTa
anddysnmn Kucnopoaa B yrosb, KOTOPbIE NO3BOAIOT peLaTb NPAMble
1 06paTHbIe 3a4auun.

KntoueBsble cnosa: GpU3NKO-XxMMMUYECcKoe, 060CHOBaHMe, NapameTpbl,
KOHCTaHTa CKOPOCTH, HU3KOTEMMNEPATYPHOE, OKUCNEHWE, YTO/b.

I/I HTCHCHBHOCTb OKMCJICHUS yTIJIei, IIPOUCXOISIIECIO B IIaXT-
HBIX YCJIOBUSIX, B OOIIEM cllydae OIIpelesieTCss He TOJIbKO
XUMHUYECKON aKTUBHOCTBIO YIJIsl, HO U CKOPOCTSIMU BHEIIHETO U
BHYTPEHHETO MacconepeHoca. BnusiHue MmacconepeHoca nposiBiisi-
€TCs, TIPEXKJIE BCETO, B TOPMOXKEHUN OKUCIEHUS yIJIEH BCIEACTBUE
YMEHBIIICHHUST KOHIIEHTPAIIMX KMCI0POaa B MAaCCUBE 10 CPaBHEHUIO
C €T0 KOHIICHTpAllMEii B PYAHUIHOM BO3IyX€E, TO €CTh UCCIICIOBAaHUE
MHTEHCUBHOCTH ITOTJIOIIEHUS KMCIOPOIa MEJIKOIIOPUCTOM CTPYKTY-
poii, yroIbHOI0 MacCuBa WM KyCKaMM yIJis B BbIpaOOTaHHOM ITpO-
CTPAHCTBE SABJISACTCSA BECbMaA Ba>KHbBIM. ,ZLHH onpeacjacHusa NHTCHCUB-
HOCTU OKUCJIICHUA yrneﬁ B IIAaXTHBIX YCJIOBUAX U BJIMAHNA IIPUTOKA
KHCJI0POIa Ha CKOPOCTh OKMCIICHUS YIJIeil HEOOXOMMMO PEIIUTh 3a-
a4yl BHYTPEHHETO M BHEIITHETO MaccomepeHoca. 3agadya o BIMSHUNI
BHYTPEHHEIO IlepeKoca KMCIIOpOoIa Ha KUHETHKY eTO B3aMOICH-
CTBMUSI C YIJIEM peIIaeTCs ¢ AOMYIIEHUEM, YTO YaCTULIBI YTJISI UMEIOT
dopmy, 61U3KyI0 K chepruuecKoii, 1 paBHOAOCTYIHBI IJIsT KMUCJIO-
pona. Torma KWUHETUKY COpOIIMY KMCIOPOa YIJIEM MOXHO OTHUCATh
ypaBHeHUeM nu¢ ¢y3nK ra3a B IIIapoOBBIX YaCTUIIAX C YIETOM pacxoma
KHCI0poIa Ha okuciaeHue. PacuerHas cxema nuddy3un Kucaopoaa
B c(heprIECKYIO YIOJIbHYIO YaCTUILY IIpecTaBieHa Ha puc. 1.
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Bo3MoXHBIE TEXHOJIOTMUECKHME CXEMBI JJaOOPaTOPHBIX UCCIIeI0Ba-
HUI TIpoliecca HU3KOTEMITEpaTypPHOTO OKUCICHUS YIVISL pPeain3yroTCs
B ajicopOepax OTKPHITOro UK 3aKphITOro Tumna (puc. 2 u 3).

YpaBHeHUe T dy3Un KMCIOPOIa B YTOJIbHYIO YaCTUIY UMeeT

CIEeAYIOLIUN BUI;
AVIOHMUI BIAL: 5 o, 2 ac,
=D, 4= - Ke,, (1)
ot or r or
roe K — KOHCTaHTa CKOPOCTU HM3KOTEMIIEPATYPHOIO OKMCJICHMS

YIS,

KoHcTaHTa CKOpOCTH HM3KOTEMIIEPATypHOTO OKWCIICHUS YIJIS
ompenessieTcst 1Mo ypaBHeHuio Appennyca K = K, exp(-E / RT),
riae KO — MPEA3KCIIOHEHIMabHbIA MHOXUTENb, £ — 3HEeprus ak-
TUBALIMMU HUSKOTEMIICPATYPHOI'O OKMCJICHUA YIJIA, R — MoOJIsApHas
ra3oBasl TOCTOsTHHAsI; T — aOCOIIOTHASI TeMIIepaTypa.

B 3aBUCHMOCTH OT IIPUMEHSIEMOTO THUIIA aIcopOepa ClIenyeT uc-
MOJIb30BaTh pa3]IMYHbIC I'PAaHUYHBIC YCIOBUS IUISI peIleHUSI ypaB-
HeHus 1Uddy3uu KMCIOpoaa B YTOJIbHYIO YaCTHUILY:

* ajicopbep OTKPHITOTO TUIIA

¢, (r,0)=0, ¢, (Rt) =c, = const, lim ¢, (r,t) # o,
ac, (0,t) / or =0, )
* ancopbep 3aKPhITOTO TUIA
¢, (r,0)=0, ¢, (Rt)=1(¢), lim c, (r,t)# o,
ac, (0,) / or = 0. 3)

Hns pemenust ypaBHeHust (1) uenecoodpas3Ho caenaTh MOaCTa-
HOBKY ¢, = uexp(—-Kt), rorma

686;‘ = exp (—Kt)% - Kuexp(-Kt);

d’c o’u  ac ou
L =exp(—Kt)—; —~ =exp(-Kt)—.
or’ P ( ) or’ r P ( ) or
Takum o6pa3zom, ypaBHeHue (1) mpumeT cleayOlInil BUA;
2
ou _ D, 5_2‘ L2ou) (4)
ot or- ror

PaccMoTpuM B3amMomeCTBUE YIVISI ¢ KHCIOPOAOM BO3Iyxa B
agcopOepe oTKpbITOro TUMNa. HavanbHble U TpaHUYHbBIE YCI0BUS (2)
B 3TOM CJIy4ae MOXKHO IIepeIrcaTh CIASAYIOIINM 00pa3oM:

u(r,0)=0, u(R,t)=c, exp(Kt), lim u(r,t)# o,
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ou(0,t) /or=0. (5)

Pemienue ypaBHeHust (4) ajist ycaoBuid (5) MOXHO MpeacTaBUTh
B uzee:

u(rt) = 27ID"C‘*§ nsin(ﬂjex —[ETDt X
) - R p R K

. , (6)
xj exp{ D r} exp(Kr)dt

rae

jexp{— [% 2 Dxt} exp(Kt)drt =
:HRJ Drt+Kt=- [Eﬁ D —K}
i (Rj D } }dr:
"~ (nny R2—1<R2 Xp{ [(Rj "_K}}

_ R2 _
~ (nn)’ D, - KR’

Toraa BeIpaxkeHue (6) IpUMET BUI:
_2nD.c,R < nmr nm)
rt " nsin exp|—| — | Dt |x
u{ — 20 ( R j p{ (RJ }
1 nm\’
X 5 > 1-exps—||—| D, -K |t
(nn)’ D, - KR R

Ocy1ecTBIIsIsI OOPaTHYIO IMOICTAHOBKY, MOJIYIMM pacIpeacIieHIe
KHCJIOPO/Ia B YTOJILHO YacTHUIIE:

I_|
l__l
~S
[
~—

(7)
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0 _1 n
c(rt) = 21D, Rc, 5 (-1)'n Sin[rmrj y

r & (nn)’ D, - KR? R

: <exp (1) 2o k- x| o[ D"’f]>-

Beraucnss mepByr NpOM3BOMHYIO Ha MOBEPXHOCTH YTOJIbHOM
yacTuubl (mpu ¥ = R) noayuyum 1ud¢y3uOHHbBIN MOTOK KMCI0POAa,
MOCTYIIAIONIETO B 3Ty YaCTHUILY,

27[2D2 © 2
Z‘ )V D, - KR*
nm) nm\’ . )
-(exps— (—] D +K |ty —exp —2(—) Dt
R R
Bsenem crneayrolie 0003HaUEHUSI:
/ KR’
C(r, Fo,) :M; Je = 0,0SOGﬂ; h=——; R=—;
2nRc, Dc, D, R
Dt
Fo, = R’
C y4eToM IPUHSTHIX 0003HAYCHUI MOXHO 3aI1caTh, 4TO
1& ()'n
C(R,Fo ——~—sin(3,14nR) -
(R Fo,) = ;9872—x ( ) . (10)

~{exp [— (9, 87n* + X) Fod] —exp (—19, 74n*Fo, )}

3 exp[-(9,87n" + 1) Fo, | - exp (~19,74n"Fo, )| -
;9,8771 —fexe [ ) Fo, | exp i)

(11)

HMcnonb3ysa 3aBucumMoctu (9) u (11), MOXXKHO perraTb oOpaTHbIE

3aJauM, OIIpelelisisi KOHCTAaHTY CKOPOCTH HU3KOTeMIIEpaTypHOIO

OKHCJIeHUS U KoadpuuuneHT Audy3nmn KMCIopoaa B yrojib Mo pe-

3yJbTaTaM HaOII0AeHUSI XeMOCOPOLIMU KUCIOPOaa YyrieM B aacop-
0epe OTKPBLITOIO TUIIA.
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662.66:54 | PHYSICOCHEMICAL JUSTIFICATION
OF DETERMINATION

OF KINETIC CONSTANTS

FOR LOW-TEMPERATURE
OXIDATION OF COAL

The article focuses on the determination of coal oxidation in mine based on rates of ex-
ternal and internal mass transfer, presents the analytical model of diffusion of oxygen in a
spherical coal particle and the laboratory experimental designs, and gives the analytical equa-
tions to determine the coefficient of oxygen diffusion in coal, suitable to solve the direct and
inverse problems. The coal oxidation intensity in mine is conditioned by the chemical activity
of coal and by the rates of external and internal mass transfer. The effect of the mass transfer
is the deceleration of coal oxidation as a consequence of reduced oxygen concentration in
rocks as compared with the mine air. To determine the coal oxidation intensity in mine and
the influence of oxygen inflow on the coal oxidation rate, it is necessary to solve the problems
on external and internal mass transfer and its effect on the kinetics of interaction with coal. In
this article, the problem is solved with an assumption that coal particles have nearly spheri-
cal shape and are equally accessible to oxygen, the kinetics of oxygen adsorption by coal is
described with the equation of gas diffusion in ball particles, considering oxygen taken for
oxidation.

Key words: physical and chemical, justification, parameters, constant of rate, low-temper-
ature, oxidation, coal.
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