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THE DERIVATOGRAPHY OF SAPROPELITIC COALS

CanponesnuToBble yrau, oGoraljeHHbEIE BOAOPOAOM, — IEPCIEKTUBHBIA
MCTOYHMK CHIDbS AJIA XMMHYECKOH ImpoMuimjeHHOCTH [1—6]. Yro6nsr obec-
NMeYUTh pAaIHOHAJbHOE MCIOJb30BaHHE CAIPOIEJUTOB, HEOOXONUMO H3-
YYUTh MX CBOMCTBA ¥ ONpPEJEJUTH ONTHUMAJIbHEIE CIOCOOH! mepepaboTKH.
IIoCKONBKY METOABI T€ePMHUUYECKON MECTPYKLHHU YyIJIA ABIAIOTCA Haubouee
pPacnpoCTpPaHeHHBIMH, NIPEACTABIAET HHTEPEC AepuBaTOrpaduIecKoe Ucce-
JOBaHHME CAllPOMEJSIMTOB, OCOOEHHO B pAAYy MeTaMopdu3Ma, TaK KaK paHee
TepMUYECKHH aHaJM3 yXXe OBl HCIIOJNb30BAH [AJII M3YYEHHUSA OTHEJIbHBIX
o6pasnoB 6orxexa (cMm., Hamp., [7]).
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Puc. 1. TT-KpuBEIe CaNpONENUTOBEIX yrjeid (HyMepanuio XPHBBIX
cM. B Tabi. 1)

Fig. 1. TG examination of sapropelitic coals (curve number corres-
ponds to the sample number in Table 1)
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Puc. 2. ATA-KpuBEle CAIIPOIEIUTOBEIX yIUIel pa3iudHBIX CTaZUH MeTa-
Mopdusma
Fig. 2. DTA examination of sapropelitic coals

Hamu usyduernsl 15 o6pa3iioB CAmpONEJUTOBBIX yrJjied OCHOBHEIX MECTO-
poxnenuii CCCP (xapakTepHCTHKH 00pa3loB NpHBeAeHHl B Tadnaumax 1
¥ 2). JKCIIEPUMMEHTEI IIPOBELEHEI Ha AepuBaTorpade pupmsl « MOM» (Benr-
pus). O6pasusl yrae#i (Hasecka nmpobrl 500 Mr) ¢ pasmMepoM YacTHI[ MEHee
0,2 mm HarpeBasau B nyatuHOBOM THrJIE 0 1000 °C co crkopoctsio 10 °C/mus.
B xayecTBe MHEDTHOI'O BElIECTBAa HCIIOJb30BAaJIM OKHCh AJIOMHHHSA; aHa-
JN¥3El MPOBOJMJV B Cpefe TreJiHs; perucTpuposasu morepio maccu (TT),
cropocTh notepu Macchl (ITI) u Tennmosrle xapakrepuctuxu ([ITA).

Bo Bcex ciyuadx Ha Ha4YaJbHOM 3Talle Harpesa oOpasma oOTMedYeHa
yOeine ero macchl go Temmepatyphl 200 °C, cBA3aHHas C WHCIapEHHEM
TUTDOCKONMYeCKOM Biyaru (puc. 1). JlaHHEIe O KOJIMYECTBE BJIAaru, BHIYHC-
JieHHBI€ II0 pe3yJbTATAM TEeDPMOIrPDABHMETPDHH, B OCHOBHOM COIJIACYIOTCH
CO 3HAYEeHHUAMH, ONpeJeJICHHBIMHU IIO0 CTAHZAPTHON MeToxuke (cMm. Tabua. 1)
[91. &

JanbHelmasi moTepAa Macchl OOpas3lOB CBA3aHA C IOJYKOKCOBAHHEM
camponeysuToB. IIpomecc HauWHAeTcs NpH TeMmmepaTrypax okxojso 300 °C
v u“HTeHCHBHO mnporekaeT npu 350—500 °C. ITosrykoKCOBaHHE COIIPOBOXK-
L2eTcd B3HAYUTEJbHBIMH 3JHAOTepMHYeCKMMH 3ddexramu (puc. 2). das
3peJIbIX yriiei B uaTepBajye Temmepatyp 200—350 °C repmuueckue addex-
TBI CBA3aHB ¢ BHYTPEHHHMH H3MEHEHHAMH CTPYKTYPH yris 6e3 morepu
Méccel. JIMmb y o6pasna canpomeJMTOBOrO yIJisi CTaguu yriaepuxamuu T
nabimonaerca moreps Maccohl (2,5 %) c¢ suposddexrom. Ilo-Bupmmomy,
STOT IPOIECC CBA3aH C BBICOKMM cozepxanueM cepsl (9,1 %) B obpasue
¥ BBIJEJIEHHEeM CepOBOLOpOJa.

B ornuuyue ot rymycoBeix yrJue# [10], y canponenuToB He Habioomaercs
YeTKOH B3aBHUCHMOCTHM MEXKAY CYMMapHOW ImoTepeil Macchl IIPH TepMuye-
CKMX HCIBITAaHHUAX U BHIXOAOM JIETYYHX BeEIleCTB, ONpeJeIeHHBIM II0 CTaH-
napTaHod meronuke (Ttabmunel 1 u 3). Kak mpaBuyo, moTeps Macchl Ipe-
BEIIIAET CTAHAAPTHBEIM BHEIXOJ JIETYYHMX BelUIeCTB; ONHOM M3 IIPHYMH 3TOrO,
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Tabauya 1.

O6pa- Yroububri 6acceitn, Crenenr TexHuyeckuit OJleMeHTHBIN aHanus, % Ha daf
3ery MeCTOpOKIeHUe yriehpu- ananus, % Ultimate analysis, wt.-% on daf
Sample uau maxra Kaluu Proximate %
number Basin, deposit Coalifi- analysis, wt.-%
or mine cation e e e e e e e e —
ranlel W oad.  pdar C H S N O wiu

Banxamur:
Balkhashite:
1 — 2,9 (.87 1958~ D HA0T 8 0,6 15,0
I — 36 249 97,4 752 114 138 0;6:4di,5
111 — 40 120 980 799 116 0,6 0,6 7,3

Kancko-A4uHCK M,

CoboneBckoe

Kansk-Atchinsk

basin, Sobolevo

deposit By 10,1 254 739 703 10,2 0,3 09 18,3

5 TlogMOCKOBHBIH,

m. Cepeneiickas

Moskow basin,

Seredeyskaya

mine B 40 10,0 738 746 86 32 — 13,6

Wpkyrcruii,
Byparosckoe:

Irkutsk basin
Budagovo deposit:
I

00 DO

B-II 1,1 11,7 86,3 80,5 104 0,2
B-IT

155 385 693 7.7 89 06 171

[

11

Typrasickuit,
TIpuozepHoe#*!
Turgaisk basin
Priozyornoye
deposit** B 65 45,90 178 5 186,5. 114 06, 50:4 211
JIEHUHCK MM
Lena basin:
9 YapuHuKCKOe

Tchartchic deposit [T 06 36 902 840 101 03 0,6 5,0
10 TaiMBIIBIDCKOE

Taimylyr deposit [T 1,1 35 843 826 9,5 03 0,7 6,9
11 HUpxyTcrmii,

Mararanckoe

Irkutsk basin,

Matagan deposit ]I 06 109 904 783 10,1 3,6 0,8 72
12 JIbBOBCKO-BOJIBIH-

cKui, m. uMm. JlenuHa

Lvov-Volyn basin,

Lenin mine I 30 252 527 77,5 62" 15 — 14,8

JoHemxmii :

Donetsk basin:
13 m. Byroska-

JoHenkas

Butovka-

Donetskaya mine T 1,27 ' 20/#1*139,61°"82,5 Bitt: 10 — 10,8
14 m. Topeuxas

Toretskaya mine K 0,7 12,7 404 86,1 4,9 .11 — 7.9
15 m. I'nyGokas
Clubokaya mine 4 04 195 16,6 86,0 40 9,1 — 0,9

{0 JIE N )

*.' DJIEeMEeHTHOMY aHAJM3y MO BEeprajid HeoGoralleHHyIo mpoby.
*f Ultimate analysis data are reffered to unconcentrated sample.
#3 The coal rank is expressed by letters used in Soviet Union coal characterizing system.
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MO-BUAMMOMY, SIBJIAETCA MEHbIIAS BEPOSTHOCTH B3aMMOJEHCTBUS JIETYUHUX
NPOAYKTOB C TBEPABIM OCTATKOM B MAaJIOii HaBeCKe 00pasia CanpOIeIHUTO-
BOro yraa npu pepuBarorpaduu. J[leiicTBUTENbHO, o0Opasymliiuecs u3
CanpoIeJIUTOB aJIKMJIbHBEIE PaJUKAJIbHBIE YaCTUIEI (0Jiee PeaKIMOHHOCIIO-
cOOGHBI, YeM NPOAYKTHI AECTPYKIUU T'yMYCOBBIX yrjei, U, BEePOATHO, 3TO
pasjinyue CKas3hIBAE€TCA HaA pPe3yJbTaTaX OIpPeAeJIeHHsA BBHIXOJa JETY4YHX
BEIeCTB B MydeJbHON IeYu.

AHanus pesysbTATOB MCCIEAOBAHHUS TEPMHYECKOM HECTPYKIMH CaIpo-
nenuToB [1—5] maeT ocHOBaHHMS AJIS BHEIIEJIEHUS TpeX YCJHOBHEIX TeMIle-
PATYPHBIX MHTEPBAJIOB PA3JIOKEHUS OPraHHUYECKOM MAaCChl CANpPOIEJHUTO-
BBEIX yrueii. B untepBasie or 200 mo 350 °C B OCHOBHOM IPOTEKAIOT IIPO-
ecchl, CBA3aHHBIE C PDa3phIBOM I'eTeDOATOMHEIX CBs3eil. IIpu Temmeparty-
pax 350—500 °C mpoMCXOAUT AECTPYKUIUA YIJIepOoJ-yriaepoAHBIX CBfa3ei
u GopMHUpOBaHUE MOJYKOKca. [lajibHeHIINe TepMHYECKHe IIPOIeCChHl CBHA-
3aHBI C €r0 TEePMHUYECKMMH IpPEBPAIIEeHUSIMH.

Ilo maHHBEIM TepMOrpaBHMETDHH CAIPONIEJHTOBEIE YIJH MOJKHO pasje-
JIATH Ha TPH I'PYNNBI: 00pa3ubl NEPBOH IPyNNbl TEPSAIOT OCHOBHYIO YacCTh
Macchl B uHTepBaJje Temneparyp 200—350 °C; o6pasusl BTOpo# Irpynmel —
B uHTepBaye 350—500 °C; 06pasusl TpeThel rpynIbl ZAIOT BHICOKHIH BEI-
xoJ moaykokca (puc. 1; Ta6a. 3). K mepBoii rpynme oTHOCATCA 6aIXalIuTh
u Oyphble yriu, oboralleHHBIE T€TePOATOMHBIMH 3JIEMEHTaMH. Bo-BTODYIO
rpynny BXOJAT COOGCTBEHHO CaIpOmeNuTH — 6Gorxeanl. Tperbss o6begu-
HSAET YIJIM BEICOKMX CTafUi MeTaMopdu3Ma, a TAKKe JbBOBCKO-BOJIBIHCKHUI
BBEICOKOMMHEPAJM30BAHHBIH CalpPOIEJIUT, B KOTOPOM aJIbTMHHMTA MeHbIIe,
yeM B Oorxezmax.

PasnoxeHue o0pas3moB BTOPOi I'PyNNEI IPOTEKaeT B OAHY CTaAHIO, CKO-
pocTh MakcuMmasbHa npu 460—470 °C (cm. pucysHku 1 u 2). IIponecc Hamo-
MHHAET Pa3JI0JKEeHHE IIOJMMEPOB C YNOPALOYEHHOM CTPYKTYPOM C BBaKya-
mueil M3 30HBI PEAKIUH JIETKOKMISIIUX IPOAYKTOB TEPMHYECKOH IHemoJiu-
mepusanuu. [eiictBuTenbHo, B pabore [11] ycraHOBJIEHO HajIuyue B 4Hap-

Ta6auya 2. MerporpaduuecKuii COCTaB 06PA3NOB CANPONEIHTOBBIX yried, %
Table 2. Sapropelitic coal samples petrogaphic composition

O6pasen Burpunur HWueprunur JlunTurur Kosmoans- Tammo- Konnoansru-
Sample Vitrinite Inertinite  Liptinite THUHUT MOAJBIMHUT HHUT C MHUKC-
Collo- Tallomo- THHUTOM
alginite alginite Colloalginite
with
mixtinite
1 il P _ o e g
2 —— — — — e T
3 — — — — — —
4 27 — —_ 70 3 -
! 8 1 2 — 83 5
6 10 —— — 87 3 —
7 13 — 13 — 5 69
82 - i — 69 30 —
9 27 e — 24 49 —
10 13 — - 43 44 —
11 i — — 85 8 —
12%! 12 10 22 — 23 43
13%! 39 T 10 — — 44
14%! 56 8 y - 3 21
15%! 85 4 - . =5 He BugHO

*! Mauusre [8]. i
#2 PesysbTaThl IeTPOrpadUyecKOro aHAJMM3a NOJYYeHHI HA HeoOOorauleHHOH mpobe.

Petrographic analysis data are reffered to unconcentrated sample.

ABTODHI BEIpaaloT riaybokyio mpusHaTensHocTs A. V. I'mH36ypr, BHINOJHMBIIEH IeTporpa-
uyeckue uccieLoBaHUS.
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Tabauya 3. Ilorepa maccsl 06pa3moOB campomeJuToB Npu Harpesanuu no 800 °C
(% Ha yCaoBHYI0O OPraHHYECKYI0 Maccy) H MaKcuMyM ocHOBHoro muxa JITA T,
Table 3. Mass loss of sapropelitic coals heated up to 800 °C (wt.-% on daf)

and the maximum of main DTA peak T'ax

O6paser WuTepBan Temnepatyp, ° C Frnax
Sample Temperature range, °C

50—200 200—350 350—500 500—800 200—800

1 2,5 15,7 62,1 12,8 92,6 460
2 2,6 16,2 67,5 13,6 97,3 465
3 3,6 14,6 66,6 16,5 s 460
4 9,5 14,1 47,9 26,7 88,7 470
5 3,8 6,6 45,6 21,4 73,6 465
6 2,3 8,1 54,3 28,1 90,5 465
i 17,2 13,6 44,5 15,7 73,8 470
8 5,1 Ua 47,0 38,5 93,2 480
9 ik 2,1 71,9 13,7 97,3 480
10 1,6 4,0 64,9 18,7 87,6 465
11 11 2,2 70,2 13,0 85,4 480
12 2,6 2,6 20,4 30,9 53,6 490
13 151 1,2 16,7 22,6 40,5 493
14 0,6 0,5 34,1 21,1 55,7 495
15 1,5 4,4 8,1 22,5 35,0 525

YHUKCKOM, TaWMBIIBIPDCKOM M MAaTaraHCKOM CAIIPONEJIMTAX IapajjelbHO
PAacIoOJIOXKeHHBIX IOJHMMETHJEHOBHIX YIJIEBOAOPOAHBIX Iemnei. Huskas
30JIbHOCTh M BBICOKAA CTENeHb YNOPALOYEHHOCTH CTPYKTYpPHI OOrxenoB
IO3BOJIAET OTMETHTH 30HY <IIJIAaBJIeHHA» OPraHHYEecKOro BelecTBa (CM.
pHC. 2), NMPOABIAAIOIIYIOCS HA HAYAJbHON CTAZMM pA3JIOKEeHHUA B BHUIE
3HAOTepMHYecKOoro addexrta Ha kpuBoi JITA ¢ MakcumMmymom mnpu
380—400 °C (o6pasuer 9 u 10 — Ta6n. 1). Takas 30Ha Ha HAYAJILHOM 3TaIe
Pa3JIO’KeHUs] B TOM HJIM MHOH Mepe xapakKTepHa aus KpuBhix JITA Bcex
HCCJIeJOBAHBIX 00pasnoB yrieii, IpuYeM 4YeM BHIIIE 3PEJIOCTH CAIPOIMEJH-
TOB, T€M BEIIIe TeMIlepaTypa MaKCHMyMa B3HJOTepMHYeCKOro sddexra.

Haub6onee ueTko BBIpAXKEHHBIA DHAOTEPMHUYECKHH 3(P(EKT OoTMedaeTcs
npu Temneparypax 460—480 °C (ocumoBHoii nuk [ATA). C yBenuuenumem
3PEeJIOCTH CANPOIEJUTOB MakcuMyM sddexra Ha KpuBoit [ITA cmemaerca
¢ 460 x 525 °C. EcTs OCHOBaHMSA IOJIATATH, YTO NPH H3YyUYEHUHU CAIIPOIIEJIH-
TOBHIX yrJjie HalJeHO IOATBepPKAeHMEe B3aKOHOMEDHOCTH, HA KOTOPYIO
ykaszaHo B pabore [12]: TemmepaTypa MakcuMyMa OCHOBHOro muka JITA
B HE3HAYWUTEJbHOH Mepe 3aBHCHUT OT IeTporpadMyecKoOro cCocTaBa U OKHC-
JICHHOCTHM yrJjiei U ee MOJYKHO PAaCcCMaTpPHBATH KAK XapaKTEePHCTHKY CTa-
UM MeTaMopdu3Ma yriiei.

Y naneHve JeTy4YUX MPOAYKTOB IPUBOAUT K MOBBILIEHUIO BA3KOCTH, BCITY-
YUBAHHUIO O00pa3moB B TUrJIe M CMEHE TENJO(MU3NYECKHUX XaPAKTEPHUCTHK.
BeposaTHO, 3TMMHM mpomeccaMu OOYCJIOBJIEHO IPOSABJIEHHE TPETHEro BHEO-
TepMHu4YecKoro sadpdexra Ha kpuBoii [ITA — npu 500—505 °C. XapakTepHo,
4T0 3((PeKT y3KOJIOKAIM30BAH IO TEeMIepaType M YeTKO BEIDAXKeH [AJId
BCeX 00pas3noB CANIPONEUTOBEIX YIJIEH.

YerBepTHlil 53HAOTepMHUYeCKUi 3dpdexT Ha kpuBo#k JITA perucrTpupyercs
IO OKOHYAHMIO DpAa3JIOKEHUA IIPM MUHHMMAJBHOM BEIJIEJIEHHH JEeTy4YHuX
BeIleCTB U CBA3AH C IIPpEeBPAIlleHHUAMH IOJYKOKca. dddexT xapaxTepeH
ANs BceX o0pasIoB campomeIuTOB M NposABiasercsa npu 550—560 °C.

Y 06pa3moB CampomeJUTOB C MOBHIIIEHHBLIM COAEPKAHHUEM KHCJIODPOAA
MME€eT MeCTO paclIMpeHHMe TeMIIepaTypPHOrO MHTEpBaja OCHOBHOI'O IIpPO-
necca AeCTPyKIMH (Hamp. y o6pasuoB 4, 7, 8 u 12 — Ta6xa. 1). Ilogo6HoE
fABJIeHMe HabJoLajiochk y IyMyCOBBIX yIJiedl II0 Mepe pOCTa CTeleHH OKHC-
JeHHocTH [12].
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SUMMARY

Fifteen samples (sample amount 500 mg) of sapropelitic coals (SC) with rank
from low to high were thermoanalytically examined using thermogravimetry
(TC), derivative thermogravimetry (DTG) and differential thermoanalyse (DTA)
methods. All these procedures were carried out in the derivatograph MOM
(system Paulik-Paulik-Erdey, Hungary). The samples represent 15 main coal
deposits from several basins of the Commonwealth of the Independent States.

The analytical conditions were as follows: dried coal sample (particle size
<0.2 mm) was placed into an uncovered platinum crucible. The furnace was
heated to 1000 °C (rate 10 °C/min) and the reference crucible was loaded with
alumina. Samples were examined under a flowing helium atmosphere.

The TG curves of all samples show some loss in sample mass up to 200 °C
(Fig. 1). This loss is in good correlation with the amount of water determined
by the standardized moisture content determination method (Table 1). Between
300—500 °C the loss in sample mass was caused by the beginning of semicoking
processes. They are accompanied by endothermic effects (Fig. 2), but for higher
rank SC thermal effects are supposed to be caused by changes in molecular
structure of coal. Unlike humic coals, the SC do not show a correlation between
total mass loss and yield of volatiles.

In accordance with the available thermoanalysis data for SC, we refer to the
three conventional temperature regions determined as follows: (1) 200—350 °C,
(2) 350—500 °C and (3) over 500 °C. We divided the examined samples between
these temperature regions on the basis of their thermogravimetric analysis
data. The first group includes balkhasite and lower rank brown coals, the second
includes bogheads, and the third includes high rank SC (Table 8, Fig. 1).

The bogheads were decomposed in an one-stage process having a maximum
rate at 460—470 °C. This process is very close to the thermal decomposition
of high-degree in order polymers.

In elucidating the sample’s DTA curves, we assumed that the endothermic
effect at 380—400 °C was caused by the “melting” process of the SC organic
matter. The main effect (endothermic) at 460—480 °C, which in connection
with the coal rank was discovered even at 525 °C, is in correlation with its petro-
graphical composition. We presume that this effect should be used in character-
izing the coal rank.

The endothermic effect near 500—505 °C can be explained by the change in
thermophysical properties of thermally transformed and “melted” coals. The
effect near 550—560 °C probably shows the completion of volatiles liberation
and some transformations inside the semicoke structure.

It has been established that all SC with high oxygen content in organic matter
would degrade within a wide temperature region. This is illustrated with samples
No. 4, 7, 8, 14 (Table 1). The same phenomenon has also been established for the
humic coals in connection with their degree of geochemical decomposition.
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