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Comparison of Combustion and Gasification between
Crushed and Block Coals in UCG Model Tests
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o

Small-scale underground coal gasification (UCG) model tests with a linking hole were carried out using
two types of specimens made of either block coal or crushed coal to clarify their characteristics of combustion
and gasification. Many similar characteristics were found between both specimens in terms of temperature
change and its spatial distribution as well as concentration and heating value of each gas product as long as the
crushed coal specimen was sufficiently consolidated. The shape and dimension of the cavity formed in the both
specimens were also similar. Texture of the both specimens was changed after the combustion and gasification.
Initiation of radial cracks from the linking hole was found in the both specimens. Within the zone with the radial
cracks initiation, grains in the crushed coal were bonded whereas cleats in the block coal were healed. The grain
bonding and the cleavage healing can be explained by melting and expansion of coal due to temperature increase.
The radial cracks are likely initiated after the grain bonding or the cleavage healing due to tensile thermal stress
induced by temperature gradient in the coal specimens. It can be concluded that the characteristics of combustion
and gasification of the crushed coal and the block coal are similar because both types of coals become similar
in texture through combustion and gasification. These results indicate that characteristics of combustion and
gasification of coal seam can be mostly estimated from a model test with artificial coal seam made of crushed coal.
KEY WORDS: UCG, Crushed Coal, Block Coal, Combustion Cavity, Combustion and Gasification, Radial Cracks
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Fig.1 Particle size distribution curve for crushed coals.
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Table 1 Quantitative industrial and elemental analyses.
Calorific Proximate analysis (wt %) Ultimate analysis (wt %)
value Fixed Fixed
Ash  Volatiles C H N S o
(MJ/kg)  Moisture carbon
32.12 21 4.3 43.1 505 784 574 144 0.07 994
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Fig.2 Dimension of specimen and configuration of thermocouples and AE sensors.
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Fig.3 Flow rate and O concentration of injection gas.
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Fig.7 Surface temperature detected by an infrared camera during combustion and gasification of massive coal specimen.
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Fig.8 Surface temperature detected by an infrared camera during combustion and gasification of crushed coal specimen B.
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BT, CHg & Hy DIREISEVRHD OO, @hh s REEAE
WIEZNIEEEVR LN b T ENbnbd,

3-3 HEAKDEEDZEIL L AE DFELEIKR

12— RE VTR L2 R o B 0 2k & Fig. 10 FIZRT,
XX, B, WRB EHIZ, L 005I1FE—EDELET
R T D 2 Ebnd, BLRTIE 6 R Z A0 L ElE
WINEL B0, EEBNRLNRL D810 Rk £ To
FEERED ZIWE & LICKH -12kg TH Y, RKEHREEORD
FFEELY, 2o L1, MEFOMSARESIZERTTH D
ZLEEBHRLTCWD, B, HEORDEIAOIKT LEEN AT
D Oy PEOBNIL & HITHREE « T AR ARIEFIZ/RY, AT
ANEOEFHHIND Z L2 EWRT 22, BLR, kKB &
B2, O WL DOHMBALEREZ] (Fig. 5 (a), (b)) & HEDHEDEIA
DA TR (Fig. 10 (@), () 1EER—B L TE Y, Wiz R RIx
FIE L7,
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Fig.9 Heating value of product gas.
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Fig.10 Change in weight and cumulative AE count.

350D AE % — (Fig. 2 (b)) TEHIL7= AE 7 > MLDE
T % Fig. 10 FICRT, B D AE B v > M OEINTERD
W & BRHR LTS, Thbh, FHAER (1=-75h0) 12
FE—EOEAETHML, EEAENNSL D t=-5hTAH)
5 AE DFA L DR Io TN D, 2Dk, BRREEE 94% |2
RETDHEHOEML, t=6h £ TIHEN—EDOESE THINL
TW5, —J5, R B O AE A 7 v MROBITE &L &
HFEVIIE L TR, AE ITE K EIFIERIFCHERT 52, 2h
BINDRAEZIBIIN 0 /NEL 2o TN D,

PLEDZ &0%, AE ORARGI D, BLROWREE - 7 ALk
ITEHETE D0, R OBREE - T ALOHEITIXHEE TE 220
ZEEBEWT S, UL, il & F O 7o KA J2 R C IR -
H 23 kRE L TUN 559 200 h D Z5@ LT AE DIEENRD 5
NI ERMESRTND 1D 2 o KRIBR R CH T R
JROBIBERCTEFEICINIAATH D0, T bDOFRMENRER D720
2R B Tl AE OFA A MRRANICHIE X 5 Z LR TE e ol
AIREMEDN B D,

34 BBEROHZAOEHEOHKRTF

BEERIR D HEWT I & BRI Ok 1%, Z4Eh Fig. 11 & Fig. 12
IR T, 24 TIRARIZL S, P oA ITREE - 7 A1k
FERETHRICEALEABE THY, 2R ZUCHIE LTV 5,
X0 SRR EEREER BITIXLL T O X D 2 ILEOR MRS 5 Z &
Noosd, OFEAILDBAEELE TEAROIZIER UM & OZER
BRI NTND, OREBIE N TIX, EALNSAFEILICED E
TZER D _EE O R OARBRBEREIIC E MR FZE L T D, Bl
WTIEZ N 60X ZUIHEFHRIC AR > T D, 72, SRR & AR
BOXHMNEEL TOWDHE (Y X 7 ILoEE A H 100 mm
~120mm) (21%, TRENERD & H REEARO LD, @8
RCITIRENIEE A ER XL o TV D, @WK B TILkL
TS L TR Y, RABRREERIZ/R> TV D,

ERLOIE_— i O Rl OB E S AN RO IR CTH o722 &
(Fig. 7, Fig. 8) L3y cdh v, Wtk e iz > 2 740
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KD BIMAl~FID > TRBESHETT LTz Z & 2R FTF 0D, &
72, ERO©, @, @1, M- H A bOT e RIZBWT,
R & BLUR OREENFE U L 5 R iBIC B b Lo 2 L 2B LT
BY, BEITH SN LR & AR R B ORRNE « T ALRHED
HREIIEEOBERIEIC L A b0 LRIRTE 5, 22k, kR A
TIEHARLTAA L TELT, TRHOBAELRDLNTELT
(Fig. 12(c)), 2D Z & b Bk LR Z EAHTF T b,
PLEDZ & X, iR B OBREE - 7 ABRFMEITBEER & 5L
LTWbZ ERbhotz, LIznoT, el L LA REOERE
AR S tE D T ClL, 38 U7zl 2 PN T2 FEBR > & 1 g ORR
B« AR H LB I ETE 5 LB 2 5,
3:5 AROBEDEILEEZHORED AN ALIZEHT HER
3.4 THLMILZL DI, B ERRHR B Tl & bicy v
XU T ALOREPOHIHRO R OB ERBD LN, F, R
DL LTI, R OBRI (RlERRR ) SCBER (BRI ) 235
2 Tgo Tz, ZZ T, ITNHORROMEEDEE ZH
DIEDFRITHONTELET 5,
3:5-1 ARDEENEIL AREWHEL Ca—7 A&ER
TH57utATHE, UTOYHEBSGREESZ ENmbRTn
2519 DIEEED 400 °C 28U % & F B TIREALIEE % & &
HIZ, WEBIZBIT DT AORAIZ L W KEIESE X 5, @Z0
RFERZIRIC X 0 iR KL [FAE2505 U, ki1 0 2273 o i
ENnb, @I 450°C ~500°C 127D &, ZBRTEEN O
MEEAIC LY BEAE &, KNS EE D, Lo mEl
BPEEAWE R B THRE LB R D L ERER LG
TX 5, Wk B TlE, VX ZHILOFEEDH 90 mm LN
5 TI-T7 THREIRIEN 600 °C Z#k 2 T\ 5 (Fig. 4 b)), Zh
W LT, R A TIE, U R LSRR BTV T O
400°C R Z TN D DD, ZDOMOEERT O EIL 350 °C
KT s, T7bb, K B TIHRENFOICEN - 20,
IRFERZ SRS & DR DA = 7228, Wik A T, IRED
EHANNED T EL Lo T IR TE D, — 7, X

(Bay hitp://doi.org/10.2473/journalofmmij.134.91
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UCG HERIERERIC J51) 2 et & SRR DIRIE - AT A DFEE

(a) Massi:ve coal

Fig.11

o
100 mm

(a) Massive coal

100 mm

(b) Crushed coal B

: (b) Crushed coal B

Vertical section view of the coal specimens after combustion and gasification.

(c) Crushed coal A

Fig.12 Cross section view of the coal specimens after combustion and gasification.

TH TI-T7 THRERAED 600 °C 22 T\ % (Fig. 4 (@), 20D
72, QORI L0 REEDEAA LI BEx D &, il
X B &[RRI FTRE CTH B, 725, K & MR B THE
DOIALN RSN -FEITY X ZHLOEEMN S I L% 100 mm-
115 mm OFPHIZH D, Z OHFPAILTI-T4(FEE) & T5-T7 (FE)
OEEX ZEZALTEY, ERUEBEMELEFE LRV, 228
31 TR L DI, R A TIlE, ARKLFOR%ER EICX
DY X TILRAZE L, BREE - TAERHEVEE 2D o727
W, BEOLAMNNESoTzboEEZBND,
3:5-2FROKE AROEE T EATE, =—7ABIC
FARFAET D 2 EBF LIS THS 22 Miura et al >
1%, XHRCT &AW 78205, WP R W CTFEEERI D = —
I ARBIZEHPFAET H T L, FHRMEN R E VIE EREERH L
<, FAPERLLTWIEEZHLMIL TS, LT, BUL
NIRRT OFER DD, RO ENEILTBROEIE ) OFLE & xHits
T5 LI, FREENRKSVIFEREARNKE L, BUbh
BREL 2D L EHE LTS, Ttagakietal?V 13, X#HCT %
FAWT-BIER L BUS AT & F50E L, FFELIEEE O —RIHEIZ L
FAE LN T RIEESIC L ERT 5 Z 2R L, RS
DI L OV RAET HEUSINT KT 2720, a—7 ZAORRN
MRb 35 Z L #HLNIL TS, LT, INLOMTEHRE
Mo, BUHET 2 A RPICIEEARNH 5 &, miRfloHsIcs]
ROBISTIMFET D Z EnbnDd,

BVERC X DIRE OGRS, BRE, AR B TR
RRICIRE AR RN o722 LIXHA LN TH D, Liohi-> T, 8%,
R B & HIC Bk L= R ORI & AR /e A = X A2 &
D EEDBFAELTAREERS S, ARIOFEFRTITY ¥ 7L
FIE ETREE TS (Fig. 4 (), (b)) o F72, $—F7 T 7 1B A

(Bai) http://doi.org/10.2473/journalofmmij. 134.91

FZIZEDFRMBEOFHRNG, VX 7l & LR H
WROWENATZ IR > TND Z & &R LTz (Fig. 7,8) . T7b b,
REAEN S 57295V 2% 2 Z Lo FPFIZ B TR T I8 E
OIS NFAEL, FRMOY %2 ZHOFE D S IR &
ZUMFBEAE LT LR CTX B,

Lk, #RJBE « T AEHIC E RORET HAMREMEIC DWW THEZE L
7208, TELIRFBEFEALOBH T v A TERNIEAE LT AEE
b d 5, FIZIE, ®C - e LR ICHEEGIZE &, WEIRE
TR S CIRIARL L2 RRBIZ > T & §°5, ZodRiETY %
VTHORENLRMITHEHEND Z LITE D, BEO KL
PERAEL, SR OMBEOMR L A A =032 ¢y
X 2 IO D> B IMU A~ Dy o TR O & RN F A Uiz "l HE
bbb D,

4. F & O

MR 2> DRI U 72 B0 ER & 8 U T R & FRN T, =)L 1R
WY > 7o/ UCG BAIERR 2 i L, W& Om»%
BE « HACFFEIC DWW TR S 21T o 72, EOFEE, HEOME
A, EFEAT A DK RSy DIRFE & AEFET A DR R, KOG
PR, BRBEZEIR OTR & ~HEIZIZMH ORI T% < OH5@ S 03780
L, JEBEENDICRETIUE, JEB LTk ORREE - 7
AACRFEITBRER DRRBE - T AR L FEELL TV D 2 &M 57
\Zipole, ETo, JEE LT CIIh 70384 L, SRR Trkik
BN X725 b, MFICBWTY ¥ 7HEmD
JEHIRO X ZOFAENRD BT, b0 XY, k&
BRTIZE BIZ, ARNS 32— AT 2 7 et R LRI,
WAL - RS X 72 2B 25 2 L3 TE, BEELHHOBET
WA RNICIEREARSE L, ZOREARICE AT D5ED
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DEE N DIRENIRD & R E R A S LR TE 5, 20X H 7%
TRERERRT, WRIFHR & B oSk LTz, B
R & RRRTRIREE - DA EEE R LT b D EEZBND, LLED
LRV, MR OREENBRR & AR IS LT D RO T
T, JEB UTiikm s HAER U7z N TR JE & AV 72 UCG A
FRIC LY, BUROMREE - H ALRMEAHEECE D LB 2D,
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