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BJIMSTHUE YCJIOBUI 3AMOPAKVBAHU SI-
PA3SMOPAXVBAHUS VITIEN
HA VX TPAHYJIOMETPUYECKUI COCTAB
U MEXAHUYECKYIO ITPOYHOCTD

K.B. Arapkos', C.A. 3nwreiiH', E.J1. Koccosuy', H.H. [obpsikoBa’
THUTY «MUCnC», MockBa, Poccus, e-mail: apshtein@yandex.ru

Annomauusa: Pernounbl Kpaitnero CeBepa 1 APKTUKM SIBJISTIOTCSI CTPATErMUYECKUMU JIJIT 9KO-
HOoMMYeckoro pasButust Poccuiickon @enepanym. IlocsieqHee BKIIOYaeT B TOM YKCIie JOOBIUY
yrieit (MOMMMO TPOYEro, IIeHHBIX MapoK) U3 MEeCTOPOKAEHMIA, TePPUTOPUATIBLHO PaCIoo-
SKEHHBIX B YKa3aHHBIX perroHaxX. CUMTaeTcs, YTO KCTpeMasbHble KIMMATUUECKIE YCIOBUS
Kpaitnero CeBepa 1 APKTUKM C CE30HHBIM M CyTOUYHBIM TIEPEXOAOM TEMIIEPATYPbl Yepe3 HOJIb
SIBJISIFOTCSI IPUYMHONM CHYSKEHMST KaueCTBa yrobHOM MponyKumu (06pa3oBaHme MeIoun, OKIC-
JIeHVe U [Ip.) TIPU ee IOCTaBKe 10 KOHEUYHOTO moTpebuTess. Hacrosias paboTa mocssiieHa muc-
CJIeOBAHNIO BIMSTHMSI HU3KOTEMIIEPATYPHBIX IMK/IMUECKIX BO3IEIICTBIIA HA CKIIOHHOCTD YTJIEN
K Pa3pyIIeHMIO U M3MEHEHMS VX TIPOUYHOCTH B 3aBUCUMOCTH OT TEMITePATypPbl 3aMOPasKMBaHMS.
B xauecTBe 06€KTOB MCCIeN0BaHMIA ObUIM BBIOPAHBI YIJIM Pa3HbIX BIIOB (KaMeHHbIe U Oypble)
13 MECTOPOKIEHMI, TPUypOoUeHHbIX K pernonam Kpaitnero Cesepa un Apktuku. ViccnenoBanm
M3MEHEHMEe T'PAHYJIOMETPUMYECKOTO COCTaBa Ha Mpobax KpymHOCThio 0—3 MM M MexaHuye-
CKOJi TIPOYHOCTHM Ha KycKax 25— 50 MM mocste 3aMopaskuBaHmus yrjen npu Temmeparypax —20,
-40, -60 °C u nmocienyoliero pasMopaxkuBaHyus. YCTaHOBJIEHO, YTO M3MeHEHME TpaHy/oMe-
TPUUECKOTO COCTaBa yIJiei KpymHOCTbio 0—3 MM TOC/Ie HMU3KOTEMIIepaTyPHbIX BO3IE/CTBIUI
He 3aBMCUT OT TeMIepaTypbl 3aMopaskuBanusi. O6HapYKeHO, UTO HEKOTOPbIE YIJIM YCTONYMBBI
K HM3KOTEMIIEPATYPHbIM BO3IEMCTBUSIM M He DPa3pyILAIOTCS IMOCTIe 3aMOPakKMBAHMSI-OTTAN-
BaHuMs1. [Ipyrue ymim, HampoTMB, MOLBEPsKEHbI Pa3pyIIeHMIO, TaK KaK MOC/Ie 3aMOPasKMBaHMUS
1m0 — 20 °C u HusKke BbIsSIBJIEHO 3HaunTebHOe (Ha 20 % 1 6osiee) yMeHbIIIeHe JOJIM KPYITHbIX
yacTuil. MexaHndeckast IPOYHOCThb yIviel (KpymHOCTbI0 25—50 MM) rmocie HusKoTemiepa-
TYPHBIX BO3AENCTBUII M3MeHsIeTCsl Mmo-pa3sHomy. Y [ledopckoro 6acceifHa OTIMYAIOTCS IO
XapakTepy M3MeHeHMsT IPOYHOCTHM B 3aBMCUMOCTM OT TeMIlepaTypbl 3aMopaskuBanus. st ox-
HOTO YIVIST HAGJIIOMaeTCsT TIOCTENeHHOe CHIUKEeHMe MTPOUYHOCTY TIPY TIOHMKEHUM TeMIIepaTyphbl
3aMoOpaskMBaHus. [Ipyroii, HalIpOTUB, YIIPOUHSIETCST MPY MOHMKEHUY TeMIIepaTypbl. DTO, 1O
BCell BUOVMMOCTM, CBSI3aHO C M3BECTHBIMM PAa3INUMIMM B CTPYKTYyPE BUTPUHUTA ITUX YIVIEN.
[nis yrieit AmcaTtcKkoro MeCcTOpOXKAeHMsI, OTIMYAIOINXCST BBICOKMM COZlepyKaHMeM BUTPUHUTA,
YCTAHOBJIEHO 3HAUMTEIbHOE CHMKEHVE MPOYHOCTHM TOJIBKO MOCJIe IMKIA 3aMOPaskKMBaHMUSI-OT-
TtauBanus npu Temrepatype —40 °C. [TocienHee MpeanoaoskUTEbHO CBS3aHO C 06pa3oBaHNEM
" Pa3IoKeHMEM I'MIPATOB YIVIEKMUCIIOTO ras3a. [IpOYHOCTDb YIVIS TOTO JKe MeCTOPOSKIEHMSI, HO C
GOMBIIMM COLepsKaHMeM MalepasjioB TPYIITbl MHEPTUHUTA, MTPAKTUUECKM He M3MeHsUIach Io-
cJie 3aMOPaXkKMBaHMsI MPY BCEX TeMIlepaTypaxX. 3aKOHOMEPHOCTHM CHVKEHMS TPOYHOCTHU GYpPhIX
yriei KaHraiacckoro MeCTOposkaeHusT B 3aBUCMMOCTY OT TeMITepaTypbl 3aMOPasKMBaHMUs 00-
YCJIOBJIEHBI PA3IUMSIMM B COOEPSKaHMM B HUX BJIary, a TAKyKe MHTEHCUBHOCTBIO ee MOTepy Mpu
3aMOpasKMBaHMUM TIPM PA3HBIX TeMIlepaTypax.

Knroueeslte cnoea: YroJib, HUSKOTEMIIEpATyPHbIE BOS,E[ef;ICTBMﬂ, FpaHyHOMETpM‘{eCKI/Iﬁ COCTas,
MeXaHn4YeCKast IPOYHOCTD.
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Freeze-thaw conditions effects on coals grain size composition
and resistance to breakage

K.V. Agarkov', S.A. Epshtein’, E.L. Kossovich', N.N. Dobryakova'
' National University of Science and Technology «MISiS», Moscow, Russia, e-mail: apshtein@yandex.ru

Abstract: Far North and Arctic zones are the strategic regions for the Russian Federation eco-
nomic development. This includes the current and future mining of coals, including those of the
valuable brands. Extreme climate conditions of such regions, with seasonal and daily tempera-
ture transition through zero are considered to cause the coals products losses (fines formation,
oxidation, etc.) when the latter is being delivered to the end consumers. The current paper is
dedicated to investigation of the effects of low-temperature cyclic impacts on coals tendency
to destruction and variation of their resistance to breakage depending on the freezing tempera-
tures. Coals of various types (bituminous and lignites) from deposits confined to the regions
of the Far North and the Arctic were selected as the objects of research. The alterations of the
grain size composition (on samples with a size of 0—3 mm) and resistance to breakage (on
pieces of 25— 50 mm) were investigated after freezing at temperatures of -20, -40, -60 °C and
subsequent thawing. It was found that the change in the grain size composition of coals (with
particles size of 0—3 mm) after low-temperature treatments does not depend on the freezing
temperature. At the same time, it was found that some coals are resistant to low-temperature
impacts and do not change after freezing-thawing. Whereas, some others (from differing ori-
gins) are prone to destruction, since after freezing down to -20 °C and lower, there is a sig-
nificant (by 20% or more) drop in the proportion of large particles. The resistance to breakage
of the studied coals (of particles size 25— 50 mm) after low-temperature treatment changes in
different ways. The coals of the Pechora basin vary in the character of resistance changing de-
pending on temperature. For one coal, there is a gradual decrease in resistance with the freezing
temperature. Another one, on the contrary, hardens with a decrease in the freezing temperature.
This may be connected with the known differences between the vitrinite structure of these
coals. For coals of the Apsatsky deposit, whose organic matter is dominated by vitrinite, there
is a significant decrease in resistance to breakage only after freeze-thaw cycle at the lowest
temperature of —40 ° C. The latter is presumably associated with the formation and destruction
of carbon dioxide hydrates. The resistance to breakage of coal of the same deposit, but with
larger inertinite contents, there was practically no change in its resistance to breakage observed
after freezing at all considered ending temperatures. The nature of the change in the resistance
to breakage of lignites of the Kangalassky deposit is due to the differences in moisture content
in them, as well as the intensity of its loss during freezing at different temperatures.

Key words: coal, low-temperature treatment, grain size composition, resistance to breakage.
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Introduction

The majority of coals deposits, includ-
ing those containing the most sought-after
and valuable coals brands, are located in
Eastern and Nothern regions of the Russian
Federation. There regions include the Far
North and Arctic [1]. Such regions are
characterized by extreme climate condi-
tions including seasonal and daily tempera-
ture changes with transition through zero.
Thus, storage under such conditions and
also transportation of coals to the consum-
ers to the other regions could lead to the
treatment of coals by the cyclic freezing
and thawing. Such an impacts could reason
for coals matter strength degradation [2-6]
and pores size increase [7-9]. Current re-
searches on effects of coals degradation
under freezing and thawing are mostly
dedicated to investigation of their perme-
ability alteration for successful methane
recovery and carbon dioxide storage [10,
11]. Whereas, there are only a few of works
dedicated to coals strength losses in terms
of quality of the products supplied to the
end consumers. Some of the latter are dedi-
cated to interconnections of freeze-thaw
cycles and propensity to oxidation [6] and
internal damage growth [12].

The current work is dedicated to the
extension of the aforementioned articles
and considers the effects of low-temper-
ature cyclic impacts on coals tendency to
destruction and variation of their resistance
to breakage depending on the freezing tem-
peratures.

Materials and Methods

Coals characteristics

The objects of study were coals from
different deposits of the Russian Federation
located in the Arctic zone and the Far
North. These include 3 bituminous coals of
the middle stage of metamorphism of the
Apsatsky deposit (Transbaikalia) — coals
No. 1—3, 2 bituminous coals of grade Zh
(fat coals) of the Pechora coal basin (No. 4, 5),
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2 lignites of the Kangalassky deposit (Yaku-
tia) (No. 6, 7). The characteristics of the
coals are shown in Table.

Coals of the Apsatsky deposit (1 —3)
were sampled from adjacent seams at the
same elevations along their strike. These
coals have a similar stage of metamor-
phism, but differ in terms of the «plastic
layer thickness» (y), which determines
their belonging to different brands, includ-
ing coking and energy. Coal No. 2 contains
more inertinite compared to coals No. 1
and 3, as well as a higher ash content.

Coals 3, 4 were sampled from one seam,
but from packs that differ in their potential
outburst hazard. These coals have previous-
ly been studied in terms of the relationship
between vitrinite structure and propensity
to destruction. It was revealed that coal 4
(sampled from a potentially outburst-haz-
ardous seam pack) is characterized by high
heterogeneity and a low degree of cohesion
of the vitrinite structure, and belongs to the
Il genetic type according to the degree of
vitrinite reduction. Coal No. 3, on the con-
trary, is characterized by a homogeneous
structure of vitrinite and belongs to the
IV genetic type. A detailed analysis of the
features of the structure and properties of
these coals is given in the work [13].

Lignites of the Kangalassky deposit
(No. 6, 7) were sampled from two seams:
lower and upper. Coals differ in the content
of total moisture, volatiles contents and
the calorific value on dry, ash-free basis.

Modes of low-temperature

coals treatment

The tests consisted of a single cyclic
freeze-thaw of the samples at different
ending negative temperatures: -20 °C,
-40 °C, -60 °C in accordance with the
freeze-thaw modes shown in Fig. 1.

For experimental work, a programma-
ble climatic chamber « KTHV-150» (NPF
Tekhnologiya, St. Petersburg) was used
with the following characteristics: chamber



" paulwLIzlap 10U, 104 Spue)S «p / N» "Xapul UoI}Da)jal a}lull}IA — Ez ‘1ajjew eod ayj Ul suolsn|dul jelauiw pue
‘apundi) ‘a)Iuiaul ‘9JIULINAIWSS ‘S)ULIIA JO JUSIUO0D — W “T ‘| AS ‘IA ‘siseq Aup U0 JUSJUOD INJINS — 9%, S {(SISeq aau-yse ‘Ap uo) anjeA dyioied — b /ey
ummo {(s1seq 9a1)-yse ‘AIp UO0) JUIUOD S31IRJOA — 9%‘,en A SSISEQ AIP UO JUSIUOD YSe — 94°.17 faanisiow Jediihjeue — 94% A4 JUSIUOD 2InjSiow 1810} — 9% M 910N

pu | S0 | 9T | 9%¢ | T6 — 1968 | ¢£0 | 679 | T 8'CT 90T | £78 | (ennyeA) eyes jo dngnday ‘weas
J3Mo0] ‘yisodap Axssejebueyl ‘anubi | /£
p/u | 050 | ¥9 | 89 | 8% — | 078 | ¥T0 | L089 | 0O'6F 8vT L8 | 067 | (enmieA) eyjes Jo dgnday ‘wess
Jaddn ‘yisodap Avssejebuey| ‘@yubiq | 9
LT | 060 | TO | 9T | S8T | 9T | T'LL | L¥O | ¥0S8 | ¢S 59 17 [ uiseq eioydad ‘jobnenyiop
02 snoulwnyg S
0C 160 00 | LT | ¥TT | €T | 9%8 | €S0 | L¥b8 | ¢£T¢ 6L 1 ¢T uiseq eioydad ‘jobneinyiop
e0d snoulwnyg ¥
ST | LT 9T | 00 | S'ST| 6T | 0TL| 0£0 | 8998 | G'¢C 69 50 80 | Msodap Axsiesdy jeod snoulwnig | ¢
Tl | 9¢'T | 80 | T0 | ¥'£& | 99 | 199 | TT0 | 9T¥8 | 6'TC ¢ S0 6°0 | ¥sodap Axsiesdy eod snoulwnyg | 7
0T | z€T | 70 | T0 | ¥'6C | 0T | ¥'69 | 6T°0 | 1858 | LTC L'6 90 | 0'T | ¥sodop Aysjesdy qeod snoutwnig | T
W 1 ) AS N mv_\._muv_ umv> _u< M
ww ‘A% Y| % 10 ‘Uomsodwod d1ydeabo3dd | % %S | ‘e O | SEW 9 ‘sisKjeue ajewixold % M uibliQ ‘ON

aLoged g xiI9HHegogqroudm ‘uarrik exintondardedey
sajdwes sjeod ayy Jo saiisliajdeleyd)

75




o T6 T6 T7 T6 T7 T7

20 &"“"-._._._« 13 [ ST ’_... -f [ R——Y

\ 3 /
10 \ / :
\ !
o 0 ) 7
s 50 100 150 200 250 ¢ 309 750 400 450
g -10 \ - p .
g 220 \T4 ............................. ..'. ,I /
, . .

E) 30 \ T§, / Time, min

w0 N oo d 7

-50 \ TS./

-60 S T d

Fig. 1. Modes of low-temperature treatment of coals

Puc. 1. PexxuMbl UMKAMYECKMX HU3KOTEMNEPATYPHbIX BO3AENCTBUI Ha 06pa3Lbl Yriew

volume — 150 liters, set temperature range
from —70to +150° C (temperature control
accuracy *0,5° C). The range of maintain-
ing the relative humidity in the chamber
is from 20 to 98% with a tolerance of 1 to
3%. A closed air cooling of the working
area is implemented in the chamber.

The tests were carried out for two types
of samples: pieces with a particle size of
25—50 mm and coal crushed to a parti-
cle size of 0—3 mm. The samples were
placed in open aluminum containers in the
chamber, the temperature in the chamber
was stabilized at 20° C for 30 minutes.
Thereafter, the temperature in the chamber
was lowered at the same rate of 1° C/min
to —20° C, -40° C or -60° C. A separate
sample of coals was used for each final
temperature. At the same time, the tem-
perature inside the samples was recorded.
When the temperature of the coal reached
the predetermined negative temperature,
the chamber was programmed to hold the
latter for 120 minutes. After the end of
freezing, the temperature in the chamber
was raised at the same rate of 1° C/min for
all modes to +20° C, and then the samples
were left at this temperature for 60 mi-
nutes.

After testing, coal samples were placed
in a sealed plastic container to prevent
their oxidation.
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On samples of coals with a particle size
of 0—3 mm (initial and after low-tempera-
ture treatment), sieve analysis was carried
out on sieves with a mesh size of 1,0 mm,
0,2 mm.

Tests to determine the resistance to

breakage of coal samples in a tumbler

The tests were carried out according to
a procedure similar to GOST 33620-2015
(ASTM D441-07). A cylindrical tumbler
with a cover, a drive shaft, a gearbox, and
an electric motor was used to determine
the resistance to breakage. The tumbler
has an inner diameter of 200 mm, a height
of 70 mm, and is made of 2 mm thick
sheet steel with a polished inner surface.
Inside two symmetrically arranged strips
of sheet steel are welded, 70 mm long,
30 mm wide and 2 mm thick. The tumbler
is closed with a lid with a felt or rubber
gasket and is screwed in with four wing
nuts. The tumbler is placed in a horizontal
position on a support and rotates around a
cylindrical axis.

For tests, samples of coal were used
(initial and after low-temperature treat-
ments) of 25—50 mm size, with a total
mass of 100 to 150 g. Pre-weighed sam-
ples were placed in a tumbler, the lid was
tightly closed and the rotation was turned
on for 10 minutes at 52 rpm.



After turning off the tumbler rotation,
samples were removed, weighed and sieve
analysis was performed. The following
sieves were used with mesh sizes: 10 mm;
5,6 mm; 2,8 mm; 1 mm; 0,5 mm; 0,2 mm.
The remaining material after sieving on
each sieve was weighed and the yield of
each size class was recorded, determining
its percentage in the total sample.

The resistance to breakage was calculat-
ed in accordance with GOST 33620-2015
(ASTM D441-07) as an opposite value of
friability, by determining fraction of un-
broken particles after testing in a tumbler.

Influence of low-temperature effects
on the grain size composition of coals
and their resistance to breakage
Fig. 2 shows the particle size distribu-
tion of coal samples before and after low-
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temperature treatment. For the coals of the
Apsatsky deposit (No. 1—3), no signifi-
cant differences in particle size distribu-
tion between the initial samples and sam-
ples after freezing-thawing were revealed
(Fig. 2, a).

For the coals of the Pechora basin, af-
ter freezing, there was a decrease in the
proportion of large particles (larger than
1 mm) (Fig. 2, b, c) with a simultaneous
increase in the proportion of particles of
small classes (1—0,2 mm and less than
0,2 mm). The indicated drop in the propor-
tion of particles of large classes for both
considered coals was more than 20%. It is
interesting to note that the increase in the
proportion of particles of classes less than
0,2 mm for coals 4 and 5 is different. For
coal from a pack that is not hazardous in
terms of potential outbursts, it amounted
60,0
50,0 |

>1,0 1,0-0,2
muntreated 0-20 8-40 8-60
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ul EN
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Fig. 2. Changes in the particle size distribution of coal samples less than 3 mm depending on the processing

temperature for coals: 1, 2 (a); 4 (b); 5 (c); 6 (d); 7 (e)

Puc. 2. WameHeHWe rpaHynoMeTpu4eckoro coctasa rnpob yrnexd MeHee 3 MM B 3aBUCMMOCTM OT TeMrepaTypbl

obpabotku ans yrnen: 1, 2 (a); 4 (6); 5 (c); 6 (5); 7 (e)
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Fig. 3. Relative resistance to breakage of coals depending on the temperature of low-temperature treatment

for coals: 1(a); 3 (b); 2 (c); 4 (d); 5 (e); 6 (f); 7 (g)

PMC. 3 OTHOCMTefleaﬂ MexaHn4yecKas rnpo4YHoCTb yrﬂel;l B 3aBUCUMOCTU OT TemMriepatypbl HM3K0TeMnepaTypHot71
o6pabotku ans yrneii: 1 (a); 3 (6); 2 (c); 4 (1); 5 (e); 6 ($), 7 (r)

to a maximum of 50%, while for coal from
a pack potentially prone to outbursts, it
was over 117%. The dependence of the
change in the grain size distribution on the
freezing temperature for the coals of the
Pechora basin was not revealed.

For lignites of the Kangalassky depos-
it, the change in particle size distribution
is generally similar to that for the fat coals
of the Pechora basin. The decrease in the
proportion of the large particles for coal 6
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was about 19%, for coal 7 — about 11%.
The change in the yield of particles of a
class less than 0,2 mm for lignites is com-
parable (no more than 70%, on average
50%). The dependence of the particle size
distribution on the freezing temperature
was not revealed also.

Fig. 3 shows graphs of the change in
relative resistance to breakage for coals
before and after the low-temperature treat-
ment.



The resistance to breakage of the Pe-
chora basin untreated coals (No. 4, 5) is
relatively similar. But the change in re-
sistance after low-temperature treatment
occurs for these coals in different ways.
Coal 4 is characterized by a gradual de-
crease in resistance with a change in the
freezing temperature from -20 to -60° C,
which is consistent with the concept of a
change in the strength of natural materi-
als and composites during cyclic freezing-
thawing [14, 15].

For coal 5 (from a potentially hazard-
ous pack), on the contrary, the effect of re-
sistance gradual growth with a decrease in
the lowest temperature was revealed. It is
similar to the phenomenon of soil compac-
tion under the influence of cyclic freezing-
thawing. [16]. Apparently, the differences
in the change in the resistance to breakage
of coals 4, 5 under low-temperature treat-
ment are due to the peculiarities of their
structure. It was previously established
that the vitrinite of coal 4 is homogeneous,
while the vitrinite of coal 5 is heterogene-
ous and is represented by clastic organic
matter with weak bonds between individu-
al elements [13].

Acoal 6 #coal 7

R2=0,9997

Moisture, %

R2=0,9921

Untreated coals of the Apsatsky deposit
differ in resistance to breakage. Coals 1, 3
have a similar value of relative resistance.
For coal No. 2, the resistance is higher
than for coal 1, 2. This is probably due to
differences in the petrographic composi-
tion of these coals.

After freezing-thawing of coals 1, 3,
their resistance to breakage practically do-
es not change for temperatures of —20° C
and -60° C. The significant decrease (by
20 percent or more) was observed at a
freezing temperature of —40° C. Similar
abrupt changes in the rigidity and brittle-
ness of natural materials and tissues were
shown in the works [17, 18]. Authors as-
sociate these observation, first of all, with
porosity and other structural features of
objects [17]. Presumably, these abrupt al-
terations of resistance could be connected
with the conditions for the formation of
carbon dioxide hydrates. So, under certain
conditions of low temperature and pressure
inside the pores, it is possible to reach the
boundary point corresponding to the si-
multaneous occurrence of the processes of
formation and decomposition of CO, hy-
drates [19]. Holding the sample at a given

.

2

-60 -50

-40 30 20

Temperature, °C

Fig. 4. Dependence of moisture loss of lignites 6, 7 on temperature during cyclic freezing-thawing
Puc. 4. 3aBucumocTb noTepu Bnaru 6ypbix yrnev 6, 7 oT TeMnepatypbl Mpy LMKIMHECKOM 3aMOPaXKMBaHUM-

pasMopaXkmBaHum
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temperature for some time can lead to con-
stant pressure jumps inside the pores [20].
This, in turn, can lead to the formation of
a large number of disturbances within the
coal matter (for example, the formation
of cracks). At the same time, upon reach-
ing lower temperatures (e.g. =60 °C), the
freeze-thaw cycle does not lead to the for-
mation of these disturbances due to a single
passage of the specified temperature point.

As for coal No. 2 of the same depo-
sit, there was no significant alteration of
its resistance to breakage observed after
low-temperature treatment. As it was men-
tioned above, this coal differs from those
of No. 1, 3 in its petrographic composition.
The latter may be reasoning its different
behavior.

It is noted that the untreated lignites of
the Kangalassky deposit are characterized
by different resistance to breakage. The
specified indicator for coal 6 is significant-
ly higher than for coal 7. After low-temper-
ature processing of coal 6 at -20° C, a drop
in resistance occurs, then it practically does
not change with a decrease in the process-
ing temperature. For coal 7, the drop in the
resistance values occurs linearly depending
on the value of the freezing temperature.
Apparently, the differences in the change
in the resistance to breakage of lignites are
associated with different rates of moisture
loss during freezing-thawing (see Fig. 4).
For coal 7, moisture loss occurs more inten-
sively than for coal 6, which may cause the
formation of disturbances (pores, cracks),
leading to destruction.

Conclusions

In this work, the analysis is given on
the effect of low-temperature cyclic treat-
ment on the particle size distribution and
resistance to breakage of different types
of coals.

It was found that the change in the
grain size composition of coals (samples
with particles size of 0—3 mm) after low-
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temperature treatment does not depend on
the freezing temperature. At the same time,
from the point of view of the redistribution
of particles by size classes, the coals of
the Apsatsky deposit are resistant to low-
temperature impacts and do not change af-
ter freezing-thawing. Coals of the Pechora
basin and the lignites of the Kangalassky
deposit are prone to destruction, since after
freezing down to -20 °C and lower, there
is a significant (by 20% or more) drop in
the proportion of large particles.

The resistance to breakage of the stu-
died coals (with particles size of 25—
50 mm) after low-temperature treatment
changes in different ways.

The coals of the Pechora basin differ
in the character of resistance changing de-
pending on temperature. For coal taken
from a pack that is not hazardous in terms
of sudden outbursts, there is a gradual de-
crease in resistance with the freezing tem-
perature. This is consistent with the known
data on the change in the mechanical pro-
perties of natural and composite materi-
als under cyclic low-temperature effects.
Coal taken from a potentially outburst-haz-
ardous pack, on the contrary, hardens with
a decrease in the freezing temperature. This
may be connected with the known hetero-
geneity degree of the vitrinite structure of
this coal. This hardening effect is typical
for soils located in zones subject to cyclical
low-temperature impacts.

For coals of the Apsatsky deposit, who-
se organic matter is dominated by vitrinite,
there is a significant decrease in resistance
to breakage only after freeze-thaw cycle
at the lowest temperature of -40° C. The
latter is presumably associated with the
formation and destruction of carbon diox-
ide hydrates. The resistance to breakage of
coal 2 of the same deposit practically does
not change after freezing at all considered
minimum temperatures. The difference
in the nature of changes in the resistance
of coals 1, 3 and 2, most likely, is due to



differences in their petrographic composi-  lassky deposit is due to the differences in
tion. moisture content in them, as well as the in-

The nature of the change in the resist-  tensity of its loss during freezing at differ-
ance to breakage of lignites of the Kanga-  ent temperatures.
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