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Contribution to the Ploblem of the
Caking of Bituminous Coal
(Plastic State)

Masao Kuco

In this investigation some discussions for the plastic state of caking coal, which is the most

important factor to investigate the caking phenomcna, carried out as follows:
I. Relations of the plastic properties to the hardness of coking coal.

Some relations between them have been found by Davis and Brewer, but the relations were only
phenomenal ones as shown by volatile matter or carbon content of the coal; the relations had no
value to resolve the foundamental problems which would exist between them, and it would be
impossible, in future, to find the absolute ons, because of the fact that the hardness of coke mainly
depends upon the fissures and strains induced in coke during carbonization.

However, it was concluded that the inducing period of fissures and strains was the plastic state
owing to the results obtained by this experiment. ‘

II. Influences of the rate of heating upon the plastic properties.

It has been found that the maximum resistance and its temperature measured by the gas-flow
method and Davis plastometer, and maximum fluidity and its temperature by Gieseler plastometer
ascended with rising of the rate of heating, the same as the results obtained in this investigation.
Furthermore, it was observed that the fluidity measured by Gieseler plastometer increased when the
temperature was maintained for one hour at 800° to 350°C on way of heating, and it descended in
case of the maintaining above 350°C. )

To resolve the questions related to the facts described above, some discussions were .done by
means of the results obtained by the experiments in which there were the pyridine- and benzene-
extraction of the coals heated up to each temperature from 250° to 425° at the variuos rates of
heating, 2 to 20°C/min., and the hypotheses proposed by Warren and Bunte.

III. Dispersing medium in the plastic state.

The subject in this article is whether the liquid materials durm0 the plastic range, which is
dispersing menium, are only of liquated ones or decomposed products from the coal substances. In
view of this point, the possibility of existence of both liquids was considered and it was recognized
that the quantity of the liquid produced from the thermal decomposition of coal substances was
enough to form the plastic state.

IV. Relation of thermal decomposition of coal substances to the plastic state.

The important role of the dispersiable humin produced from the thermal decomposition of coal
sabstances to iuduce the plastic state was recognized from the results obtained in this investigation.
Furthermore, on the plasticity curves obtained by the maintaining of temperature at the fore part of
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plastic state, 390° to 410° it was observed that at the later part of the maintaining, the fluidity.
decreased, but when the temperature was risen after the maintaining, the fluidity again increased.

‘This fact shows that in the plastic state the various constituents of coal gradually decompose
depending on their thermal stability to produce relatively smaller units. When iron ore was added
to the coal, the decrease at the later part of the maintaining was considerably larger than that in
case of no addition.  This large decrease would suggest that the substance added promoteés the
aromatic ring condensation accompanied with the thermal decomposition of the coal components to
reduce the fluidity during the pldSth state.

V Thé condensation reaction of coal components during the period below the plastic state.

“‘Owing to Lambris’ result, that the increase of coke yield in case of addition of boric acid to
coal was found and the higher the oxygen content of coal, the more was the increase, as well as
Schauster’s one, and the rate of dehydration from 250° to 425° in this experiment, the condensation
was reasonably considered to be a sort of deoxygen one. This hypothesis would be supported by the
decrease ‘of fluidity of the coal added with the organic substances such as galactose, creatine and
stearic acid and the high rate of deoxygen of the coal heated up to 450°C by Porter and Taylor.

VI. Role of fS-fraction to the caking properties. '

It would be recognized that the role played by f-fraction to induce the plastic state of caking
coal is of very importantce according to the facts as follows: ‘

1) [-fraction might be considered to be of the most sensible onc to the condensation reaction

below the plastic state owing to its highest oxygen content.
2) Considerable amount of B-fraction was retained up to the plastic state, in spite of its
‘ deformation due to the condensation.

3) The fluidity of coking coal considerably decreased in case of the pyridine-extraction of coal.
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Brewer® |3 “plasticity” @6 & “Ai4ied> plasticity” [ D\WTHO L S LTV, WHyin
43 plastic material G & % 3 M E L CIE RO I (e 5. A8 LS4 (R 2¢) 25
BEME T & fL7e, J§ « plastic, viscous % LT elastic flow ¥ 2 L, Xick h 2o 20
ik S oG Lkl 24230 Th b, o LHiNa — 7 T2 E L TO plastic
flow DFTS b, ZAUC XD THIRTIMB A 7e S 41, RMRNDRE LOTHET 20T,
plastic flow DEEMA B b, AL B ic B 3 i Ao e sis ) A3iihds 7o 1 AL TN E S 2 &
LT3, HARRTH T AT 27 7y Me Le b oD Hic it % plasticity OO F%
& LT, Davis, Mott® 2#:¢> Pargate Seam Coal @ 1 0 & @ % 360°C, 380°C iz L 7= o JEil:
Wik L, 208Gk Ue pores A3 4@ bedding plane ([ FITCEIY L Tz HEE R, 3
ic Mott, Wheeler® 2% ¢ South Wales /35 @ Two Foot Nine Seam Coal (C 892, H 4.6%) o> 60 2
o 2DLOE SV OIENTT Y 7y ML b gL, SMEIT e Z O & 315 L i
Wk EFTwa. ‘

Bo Mott O¥EERT, [RIKH “Wetting theory” X dkiz “Surface flow” %W\ 2 7e U5 a O BT
BERTH DT, wetting IC L b ipic Ul 247 7 2 W5 “surface flow” DT TH 2L LTnw3 Y
DTHD. |
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NG L THERME R D5 &, OO ERE ST 2HlEs oillic 12 TEE 350
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elastic flow, WM EZZNLOEA LB E K b, U Rl ot $GM ) & L BUM 25210
[l (=2 — 7 =2{k) LTfT D TH 5.
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S LR b, Laying-Hathone test (@ X 2 445HWTE L 1ok D OBIELS S 2 ik b, —
JildiGed> plastometer (€ g BFGUE & ot & ORIRIZIR D W T ot 29 pIIROGERITRM L™, 15
W0 plastic state OFEAIN, BB =2 — 27 AL BUHHEHK b Usticky” b OFLa — 7 ADREEATAE
WEE S G, F L b BRSNS £ 0T 2 MR B U I ove. Z fUCE LRI,
FEHEOL DX, ¥ AOKREWEEPCAM L 7e & BT 2B23N R D Rs M
O WAt plastometer ST LB DI fA = — 7 AOMWEE & vedc iF W ThV FIN & LTw
B LHEIHEHUC X B gas flow PR & [IED plastometer (€ X 2 b © & ORIRAS2AIC [E LM T 75
WL B, gas Hlow #:TIE after shrinkage @ fn\» b OISR E BN 2B TH B & L,
IEESERITUL plastometer PO B AR EF M2 5L LT W3S,

Brewer, Atkinson! |} 900°C T 18 W v ML F T2~ 7 AL 22 — 7 A D shatter test T 5.81
cm DI %, tumbler test TiX 2.54cm L) 1D % TR ENBHRE & Oy EE &, Davis plastometer
i X % plastic range O L oMilic, HREEIE 2 @ range D/ EWEEKE {, % Agde-Damm dilato-
meter (€ L DYCHHIO /N 2 WIRIEEO K E WHE LI L TW 5.

SRz U, B, SRR RIEA AT A S N DL nALIE L & OBIRE Wi IR b
T b iZiE L, JORE D IBBMHMECEEF, RAMELORZAE LTV V.
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plastometer TOIRTHEEO K F\» b OFLIREELSKE WO ¥ oefrmat Ly Ao, -

B, A - IRARIKICE 2 b0 G, ME

Thdh HoTHhDEMOMEETIL plastic state s
M G T ! itk 20~30 A v v a o w— 27 2 2 Hl

COTIE £ B SHLTT & R Lre--DOBRE R LT e AR EHETE B, 50, 50
. x,/-L TR L, 30 2w v affil %
. AT, 80~50 £ v v oaliijo 2 ’*'/J

M Tz g o,

3z OWTIEE A, fhic plastic state st 5
TR # T L B MR o aG0OHMaeSeEwell, 20HAHOoHLE L TEEERL O



116 A B8k

TH 5. iy LEc FiERc MR = —
b : 74+, JRC 2O B REORD D
‘ O B WA LB OWTIBL TR+,
30%, 50% WA wmoEEE, Jxo0if
W oAioa =74 Pk 2O
KCH B, U biEHARAORAO
AR E BR L. i XU, FM—

BT CIENEDIUT DK EWITHS O

5%1..
b 2~ 7 4 FOYE, FOREEGRIZ D
A, s HoBRAIREL BOTED, WKE)
Div.
- P S WA R 2 Bk e & B 9 b

5. MEfbo WA, WEEISE 0WE 0 &
FigE o 2 — 5 4 ML, RO

#0302 »

CIwT, /NUAEZE

o DT REA Lo L, il

FofidE -8 M

U2 . . Ny
OITH BE, L LR o heBin
T\,

WoBEL, HARERS B BH,

s 2 & Gieseler plastometer (€ X AT
L T 42 & OB AFAET 2 BIETE Z IR Lze &
Ny N T A OTH 5.

B1E HEsEoRs -4 [HAD SR e~ <, SREE « 2B 1

356 DRI HE oBbE & Bl a5t o
Bridtea — 7 AMPE LT LD BILS

A& plastic state 1€ o1 ZEAREOMETIE AR 3 LTwF, HRL D45 plastic state @ 35\
TR &N B BRIIET O 270 BHORIHICE & L ToFRIZEIL SN ZS b v, EZ50), B
BUE O[S YL plastic state fic 3o i) 2 BRIVEFEEOMETT O & LD L L RD7 b O TR L,
HHE g AR e, SUE i B R oRE Mo EE L2 R b hwWiETd 20 5T
> 5. _

ARUMEARFR R O & RS X b WSS 3N D X 5 BATH O, FOMBLO B AR 1
FN OB ORI & D9 Ok, B ZORAGKOERCHD TR LOTH 205, FOM
C DWW TR F L plastic state ([T \WTTH D & O & -~

ZOMEEE L CTROEBRIE T LT 23 5.




iy o~ 7 2 LIS 2K

. BBEHERo

K ETRH BRI & 55 2 RO KHLT S0 B il i GR

iz, plastic state DI4%, B HARAK

117

BE LEs 5°C/min) Gf 248) &

ERE VTR S
500°C bl 5 lF BHEE 1T
. XY ‘/1./‘1L=’r‘ TR | oy iy i
PhEFER TR, S OREMIC i ‘
‘aaanzﬁz%a>¥p§§9,q,m:agﬁiabfa E O 4742 | 2079 | 1052 | 2.98 | HK:
4 HE 2 ¥ ~
“Cb,phﬁmsmmLuio}w*ﬂ- & i 45.08 | 39.83 | 13.56 | 148 5 & $5I80 ~ 83
b Wy 65.42 | 2476 8.90 | 082 » 90~
RCHBBORERL, il WA (P) | 7348 | 1746 | 7.68 | 138 ro 92~
HiREED 2 — 2 2 BN BHIR FHmpis: | 5496 | 11.24 | 3238 | 1.62 V

.@&”V)Lfﬁﬁi”i plastic state [J%
T 2MEFOMBIC L DY
OTHEWIERHC LTV 5.
OB TE, HEI e
B3 550 van der Waal © Jjic
CIOTEHALTwAE LT, %
DE AR O Z2MaI% 8~45A FL
EOb0THD, zihiz—2»
AL, Bl BRE e X b,
Wid WEBEE B OYAcE
W BRI O 2 Ras 1~ 1.5 , > e

v e S

ATHp vy, EAOﬁ’ufir‘mVD”)\\g & ‘ — %I‘/g
0 @@yﬁ;}{b‘glb 25754 ‘ : E2E A SOy

gLl

FANENI IS g = 2 A ZIBFR L VNI WEBZ BN, O THIRES O X DEHM

HWEBRWT L AR BE R D A TH 2HITH

2 BEBERO2

WIFERFIA (65 2 » & =BIF) & 100g %, Uif% S0cm, P2
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R 3\ THSEE DO H T (T HR) 1€ 310 2Rk E Wil
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B 5. MDY L2 4i501% 700 g T, JBEX 65 2 v
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HE297°C D b T, SHUASERGIREC B b, RERIEEUR
W FDEETH D, No. 2 [ZIHIEEE 605°C, iz
395°C T, rulvit plastic state FEAFMICH b, No. 3 24F
RS 700°C,  driftE 497°C T, ALiias plastic state &
KB 7 TBD LD THB. No l~3IchnT, REER
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pix{mmﬁ%’”QHQMM”W>MN”mw@>mo~mwrW 11 plastic state o % A3
b4 DI oML 2 iR A7 AT VDB E —HF 5. CORBEIRMAELE LTRATWS
B E DRSS & LTS — A5 BAT M g &, RGO O LI+ b o &
BEBNDOT, TOMBADIGIL plastic state thIC 22§72 b O LR WG5S,
No. 4 & /MR e 803, aCBLEE 740°C, No. 5 i 8987 $85°C D & ©C, WD HiKIC '\ T,
No. 5 iz Wb IC etk As D T 2 Jisitd b s, 2o T00°C DLk 1 3 i, = —
2 ADBHEE A 2 O PN LIC BT a4 23, ot X BT 5 b MEMbic 4k 5 &
SO WEAOR R4S B D OTH B RSN TV S
PbEX b LTh, 400~500°C [eo¥ehi, MIbHES OB A &I E BTG O SACTT A~ O
“Shﬁmlbmﬁmﬁmb’mwcu*@ﬁZOMmesm%&%%@mﬁm;am%mx
D EOMABEES D O LBELD.
BRE A BRI & 2 BB Sk o M1FE,  plastic state W@ B2k 4 2 M inic X b aeiihsgeiz a
DOTHL B, TG W4T plastic state 1 & ILEHLORIC 313 B YA S VT D,
PO CRMMR S L Wil I . MESTIE RG2S Pl @b, SRR v iR R 2 08

il
DT 3\ TGS & D Wk s & <BLMVC4Q W E b Ly, Mo 5 g
BBBEL & IR B A DS TS D, % 2 kI plastic state e 1 B IRTILSE b IR

VC/\\ LOEELBEND. M?LK LT % SRALO IR IR 1T plastic state L322 % HTINER WO RV
LT3, )

CRRIT W, Giceseler plastometer (€ X B UTHIE & = — 2 R BEO I i B GED B ki,
WHWENE ] —CHOoCTh a2 — 2 AR A EWHEOH L Lond D, Hiltod ,’,\ plastic range
OIPERS, WO, 1« ALHE A B WTEE S D 2 OYETTIR IR 2 & e AL &
SO B 5 R LT %%, (D iYL ARG TIE OB & Jeic, %o plastic
range b il T & D, OYHR AL SRBREINC L LT W B S8k L, 30 Bone®™ {54
PEOHEAT & e RIS EO AT VWD Uik, M~ v F MR TRAL L e i N v ¥ v B

viRoYCE M B, 3L Krevelen™ 13 H/(r—O/(J Sl B LR O L S W PR R T
FRWERLTHD. X T b S LEESTR 2K Te0EE 6 T BIMERO #E LT » 29005380
nEs, 73‘7”2)/”2'”[,& X AP L, 559 % plastic state 1€ 35 1) B BUMHO R B 5, T
B (2 ~ 2 % (k) O &3 2 e g ROl s nBl s hs0oTd ), codEi
BEARIEO I IS CHEO R T, TSUALIEO IS M 50 = — 7 ACHHAT 2 b0 L%
2B, zodi b WADINE plastic state TH 5 ERWIBDHIFETL S 2. ZNIECDOWTEHHIC
B THET 5
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IIL  ER{GBRMRERIC RIS INEEFE DS
. plastic state [T B BT OMRC VT, TOMKBEBUMZE DL OTHD <%, 2B
OFFMTT MBI Lo TH L O RS2 B 3 T s B
Davidson™ & Foxwell @ gas-flow 30 ok, 250°C Foddem#l., Zzehb 1, 3,

5°C/min ¥k % Scotland & England %¢ 12 3FHe D W T,  plastic state o PHIGIHLEZIZ Bl g
CIBIRT D B %3, plastic state OFEAIRBES O IRGHERBUALASMBGREL & i B33 HEBOHT
W3, Roga®™ § [0 k1% Ut ©F o — 2 YIS e 2 Bcds L LT
w3, % Bleibtreu, Jung'® £ 3% Gieseler plastometer % )U\/‘ 2~4 “C/min O T REORIE 45
Gieseler® % 1, 3, 6°C/min TR L, (RAGIEEIEFA L5855 s, IRILOMBERIE], REALRLE, Zkic
IRIEOR K LD TS,

S s 4 KO LS D \WT, Modified Gieseler plastometer % JiJ\» 2.5, 5, 7°C/min o> 8l % 17

\,

\n, ' \'F.'L VCr, [ (D{n/%\kﬁ‘}??

® 4 =
LS ko | woar | mwmm misek| ¢ | H | N | s | o0
4 it 1.48 13.56 39.88 45.08 81.91 5.37 3.15 0.36 9.21
oA i 2.10 13.76 39.84 44.30 73.48 6.31 346 0.26 16.49
iy A ¢ (S) 184 6.44 22.88 69.34 87.35 4.42 3.10 0.72 4.42

o MESAUL 2B L e B A ol (L ESHUREE I3 1 2 3R oMb

' T RE i f Lo
R el il e 4<JJ*U\1 k PR e T e w I];}\fl;'jiﬁlnﬂ
=B 4 Tl M YEERI L g St 1 1L e b2 1 TR
°C/min °C °C °C Div/min °C °C °C
25 364 403 431 44,700 455 463 52
4 R 5.0 365 412 444 0.:,000 478 493 - 66
7.5 365 420 462 55,500 488 500 68
LR 2.5 362 408 439 22,094 459 472 51
+ 5 364 419 441 2,350 476 487 57
0% 2~ 7 = 7.5 366 420 448 54,510 482 492 62
' 2.5 362 408 439 22,094 459 472 51
A ] 5.0 364 419 441 42,850 476 487 57
! 7.5 366 420 448 54,510 482 492 62
U 2.5 384 4729 446 117 459 475 30
/s L
3“2 E’&\{é%ﬁf)b) 5.0 399 445 465 390 481 500 36
it 7.5 400 449 471 545 481 | 501 32
2.5 3 290 496 442 | 715 464 5 474 18
iy At (S) 5.0 392 443 470 1,830 491 505 38
7.5 390 447 | 472 3,580 497 512 50

z o4 Gieseler plastometer oifif% 10 g ik L CHllsE L /- % .
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2 OFINE, KRR EFEWHEORM L —F LTl D, FiR(L

TR EEMEE TR\, B Bt B UM = DL ¢ Bl . oo s\-"f
HBGREEMIN D EA L TRTW S, O80T, INESEREEATA &\ ﬁ@,ﬁww,
Bls A F A ASARPE &g O 25, fE0 T ° °%§;ﬁ’
BUREASTHERIEE B EE AR TS, SRS BT 3 2400 = <E>
DO—NTH 5. |
BB L,  Gieseler™ MBI OY G, LK a s 7 T“
R, B = VBT T D B ST DA I b b, — 7 i}
FMFTIE, ThBB L VWO TR LML T * N
b, plastic state FRB 2. 2 OHIAI 3 — 7 ALOMREEAH NI, Z ﬁé// B
2~ 2 AR RL Y, LsBoMB o 2 ~ 2 25 & '%3 i
D BART, INESAIEOSE b AL S0 LRI B TD b O & D, m:///
XDk AHERREE RLTOuLHE L - 2 LT3, gﬁﬁg
Brewer™ [Tz L& UL D, INEGRESC X b HEEES QMUK L D,
LD Ly, plastic material OGN L, S RALEESZ: / "
5 % C plastic TH D, plastic state DO BOMBES ORI L ¢ . . \
D LT, TR — 2 A NTOURE 1% ZiliNT S, T2
3 Macura™ |34k ¢> plastometer ¥ 48] L THEGREE O HIZE & 1F E5E IMHGEIE 2Rk L

L e et STl e i o1 s e SEE e O TS e e LA 7y B R
Wy B FERIAER RPN, KT e ouris, LBk e o RTIE

FLU, %555 vlastic range T 3 iEERGIHASBEN L, SskFEO 4148 TR MBR RO MK, HER
O EEEOWESSTMCE Y, L1 o0MFcllcE F L EiE LTw 2%,
Py INERSH AT plastic state o> FFEFTIC IS 2 U0E, Mott, Wheeler™ S35 2o b i

L

BEZON), BB plastic state fiTy de b SRS ENY « ALSHNER L A5 D, BB O —K By
s 2 ORI D &3~ SURHTROMRALE A THTTOM R 2 RS 5 & Biis™ LT v B85 Zhic Bod
oD W T i H e A3 plastic state FIIC B2 46, B0 plastic state 1|13 O 5 & ik e
EOMHC b EBIRO I & 0D Ji5 0 b b M, W Fo WHE LB DWW T ifh L Tn 3.

st ONC A HFO RS s\ b, MBSO SRR B L o g A

Wi FiEe Macura 0]
OWPE F R NC BT 2T b, plastic state b ke ilic o N2 JHTH ST OBt & plastic
state OWR FUA T TV 5.

I e Jeo  plastic state i€ 301 B RFHEIT A M Gleseler D~ dn <, B kM4 1

Ui 4 = n s @45, BB 2R3 b O minh kil LTh 5ic, Juettner, Howard®D

ey,

O AO M L INER -, 288 & 5 2 @ molecular mean free path L ANC IR 2SS & B\ T,

MV D 2 KB MBS DG T IR O BET L, s o & Wi, B

Hitn MR O £ W iR, AR bINBGREED 1503 2 ~ VRER B HTAT DHBHD BTV 5™
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Warren®™ I Pittsburgh seam coal (V.M. 33.6, F.C. 57.0, #4 7.5, k4> 1.9, C774, H 5.2, O7.3,
N 1.6, 8 1.5) 31T 540~1000°C % TRIMBGEEEOHA & EiC, 7~ MIEIHINL, # A,
2= 7 AW T DR WD, F L
Y=alogR+ &
Y5 7~ AES (BEASEERCEI L) R IS “Clmin  a, 65 K

OXEHLTwS. @R EORTK L i 7 — VEEED L WO, @U\}BJZ%’/J@/M:ELEMNN
BEERIAS 2 KO IEDOIRBERI & DR E2 WG, Brb e oid, 5 X b BESEWET
HBE 1L, zhs Stadinikoff M X D HHE NI 2 T WS kA o> solvent action ¥ 558,
BIWTk s — A5 o £ ok Filo 2 v 5 4 //4’5}'11 PR s, Wil o5
DTH5 Lilk~, Gieseler™ YA LITH 2. AR X b INBSREEOMR W= — 7 R
AP A E RO AR DR ERLTHWS

0, Warren® 13 5 WA O o 75, INSGREE & plastic state % du0 T ik, pre-, postplastic
range [C)F,  EOHK2COWTRRT L, AREIEIMAAE C Lo TREML LI\ wds,  ZoHMUK
1%, preplastic range OIFGREIC X DR E WP BRI, zo m%‘xw)‘bni—iﬂ&; BEDN G, T A
CRFER S {, WOBFHKEBL L, BILKERE SV m,1:~ﬁx“&ﬁm%J&@%%wb
WEWHLE F 0, FRARIE plastic state PIRT L BB LETZI 2 L 0TH H, o LX
“molecular rearrangement” "G, ¢ rearrangement (€ & D o3 F-A3 %L & 41, 300°C LIRS i,
HAN WOREBIMEERT 20TH 508 COSMHTTURNHAT 2 & 20O “rearrangement”
DERFRDHLS 7 s WORERINN S ( Ted & LTWD

B 2 Wanen“) T plastic state D) F @ pre-plastic range (340~350°C) VCj;,\./\‘tO)Jm;}L,i\ 53,
HAEOWERCHE L BT HECEHL, ROWMIHRIP LA WS AN L, #Dik
BRBOE D7l 2« BBIOF I F 520 % Lo, 5 1 ORI RSk L/ & L s L,
ZNEC DD TR A L e BB LR O B, sKEUE 7 A0 &, ks asits. ol
USRI S &, Wb akO i “sensitive” range TIEA Ui BB L L, S48 k
DT, XD KEVEMRC RS . OGO HN &mﬁuum&ui&@mwﬁMfé%ha,c
OTERANOATIENR, B MBRE I X b Jidi 2, SO Wik, BmAasms,
T R 5 B L0 TH T & AU I 3 O IR DR F ST B L o O et 45
BHPEOLAR L DL, MMBGREOSA1E, © @ “sensitive range” NTLEINE { b0 H8, X

oY

YR EWERC iR 2832 < 2 O AR ISR L Wi 25200 B0 Uz LA 7w

DT, LT 2 — 27 ZWEN S L I b, =@ “sensitive range” DL FOEE T, HEESEIL WO
Ty H A g e RGO OSAiE RN TR DO X ) il ah D &
TWnh

3 Fieldner®™ ¢ preplastic range NG KR8 plastic state JICOWMEIEEAHLD L, Fiwh
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MRS RS 2 H D, WEEEOR AT Warren & kR BucHL Xk b5k, L D AEWHT
CHEHFE LTS, )

ZAUCEL, 19294R1c Wi Paar®™ X, RO W ZBALOW 2B X ) DUFic 3\ Tl 3 B
BT ), L hoEilicsd 3 KIECK EWEENEH O YL, EiMck T s 6%
¢ “conditioning stage” & LT 300°C DU FOMMIIC Fi) 5 time factor O FEPE U L TWn 5.

T Warren ORICOWTA LIET 5. LRS5O0, #oiod, EANTe z i
5 WA X o C LEERY NE AR (2O AL D Warren i L L1, 20X b el /o5
PRI 30 CHEBE LB IREEO b OTH 2 %3) 1Kk D b O HRH O ED oL EL B,
z ORRSBBINBO LA, SR EESHETT 2 &, AR EETER 80T plastic state i 35\ THEAGMI
Sk DEME RS bOBLEL R Y, ZEE 20N T AV TILE LT o AL
KA A & IR B R CARIZ D I & 5 B R IC A% -

—FIREA Licia b, St ke R b B vl b, b olaastiits s &K

SRR T, NI X Y OB R AT B S 2 h B iR T b, BLKES AD

ook L WIEBIRIE A L T 5 Il D NET, WhHLD E, BINET s — AN O A TS
By W H AP LALKBEO L W LRI 2 5.

XTI, MCIRRIESIEYET S 2 HBY D 2igeds, ENMOMK £ T L plastic state

i CRIET eI+ Bic, Longchambon® % 105°C Gt Mo I WwHi ¥ 580, Schlipher™ %
150°C © 20 43 IEA LT 2 — 2 A JEPESML T L, 804756 TIE 200~250°C T 15~20 43 Hmak LT
2~ 7 AL ERCIER T D HEBD T WS . 2 Audibert' (I 350°C © 41/, BiliINEA L 7o K2
PR L SR TR T A T, 300°C TIADTRYE 5% Lk L, Bunte™ 2513
350°C T 20 IgliY), 400°C ¢ 2 IEHTEEL L 22 e RE ) a8 i e T 2 RO TV 3.

e b FofEtaREoRRc X DI‘{% ik, o plastic state BIUEEIC X D 20T v
Bic+ 2 b RSB INDIHTD 293, KMRECHWT 250°C Y e kT Ml %
e b, WEIERTHE &%, Andibert %3 350°C, 41/ IHHEENE L 7e b OBREMEAHTR LT

BHTHD

s Gleseler ¢ plastometer T4 LC BRI L3 L8 6 lalon < T . kR
K AR RA S (S) Ty INESEh plastic state & TO KB TIRER RS L7 B35 Ol
EORTIEE B Le. zhic & 2 LR T H 2R ViR, RabEidkc 300~350°C ¢k o
oML X D plastic state I 3 17 BIRTHEEFHIR LTR D, ST0°CLLLTIRILTF L, Kikeon
Fiseod plastic state PHIGHSEOIREECOMBEMT T X D it b AUTF A58 1 <, Ui @ikl plastic state
PC A % EWTHE O FASI0L LCw % HiRA% (8) o i {LEE%e I 300~350°C ikt {4y iHc

DT ORI T BT, L OO T3 TR TH B

2 OFFYUCES L TIEHTTE Warren 045 & < fiid 5. 015 350°C LI F oo e ¢ 1 a4 s

iibdn 2T ORTHAAMFRG £ TDE /il WHIEDHIR Ly 350~400°C [ ¢ 1 fid O
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PRI IACF Ly 2 ML RO C LT A3k i b

2oL, plastic state [ A B &, FUHE D 4D IED 5o %)
BOHERIEL D £ EBHRTH 2 EH2 NS, Hik
AL 35\ T 300~350°C [ DULBERAFC & D SETIEEDH
KO BNEWOE, FAALEORST, b ER{ATRIC
I DA @pﬁ@fkyﬂﬁﬁ@&ﬁ%wwﬁﬂ g
HETHROWEEE R 256 k2

ZNICE LT, Bunte®® ORI E H 2 L B SEH)

I NIRRT LAS B %4k 1k Saar gas coal “Heinitz”
(V.M. 34.5%, #y 1.9%, K4 1.3%, C85.4%, Hb5.5%,
O+N83%, 50.8%) D 0T, ,\jo5g(400)‘ w ¥ 2 pPl7F)
Egghlits 15 mm RO I TR 2 2 v
NX?ﬁﬁb,ZﬂkSWCTEU%yMM%ﬁﬁIWJI
M, ZodhHi e Soxhlet R T 7 v vk AL, i

W, By THETNIT Ty, To T3 ST
U ORI T 250°C @B L 72 B+a bii L, 250
~300°C £ T F+7 EHM L, 350°C & Bt il e iLTF L
Foo AT BIUNE T i 2 RO 200~400°C i T Ix
Al LT 5.
AHAR I U e SRR (65 A v o = LUF) 4 L
T, My T oW X4 R L, 2~20°C/min oA

1 ] ] H k i 1
0 309 320 3o 3bo 330 doo 420 0 ¢

i3 BA
BOE AT 1R MR rLoTheiliE S T J]U?l‘ L 7et%, soxhlet i %}U W
U 7o 5 @ S Vi v Y rEttie N v ¥ i T v, i % T 5°C/
min T L 72t e BT B L ze s8N AT & ]~ 8855 2 4T0 7k I R 20 b i otic s 8 ~ 10

WlcoRd. W8l 2R Aie, BRENIL T, 250°C =TI ey Frviifime o ¥ o Hilmo
ZEBA T 3 DRI 2> ] &7 2) BNOBALWHCL L TEY, HnEoSs
i 300°C DLk, SIn#E O BEE 350°C DL THIR T 2B TR T W B, &) F ol
ik 2°C/min OB T & 300°C DL LTy
KO ERL TS,

Hic 2°C/min & 5°C/min OH4 ¥ I
32 &, 5°C AL 2°C o8l
Lo B00°C Pk B0 % [~
Ty BB ¥ R TTIR & R

LWHAM I L ETHSD. cORBHD

i FAE W P

BUE LR
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B 5 =
g | M B(Ln Ao | | SRy | EVE Y | TAHE
ML) Tl R e R [ ST S Y
°C °C/min % % ce % % % %
250 2 0.30 0.49 0 0.78 7.2 20.2 13.0
300 2 0.37 0.49 0 0.87 7.6 20.2 12.6
350 2 0.87 1.056 0 1.68 3.0 19.6 16.6
375 2 1.21 1.15 15 2.26 27 20.2 17.5
400 2 1.27 1.26 28 2.60 2.0 27.3 25.3
425 2 1.43 3.80 115 5.70 2.9 31.3 28.4
250 5 0.34 0.22 0 0.96 11.8 22.3 10.5
300 5 0.56 0.72 0 1.44 7.3 22.6 15.2
326 5 0.64 0.87 0 1.50 3.0 23.5 20.5
350 b 0.95 1.04 7 191 3.9 24.0 20.1
375 5 0.95 135 13 2.50 3.2 25.0 21.8
400 5 1.18 1.49 52 2.60 3.8 31.0 27.7
425 5 115 2,07 61 3.13 3.5 32.5 29.0
450 5 1.30 3.40 110 4.69 3.4 33.0 29.6
250 12 0.00 0.49 0 0.56 54 20.8 14.9
300 12 0.02 101 0 1.12 7.2 20.7 18.5
350 12 0.64 085 5 1.44 7.8 21.0 18.2
376 12 0.90 0.96 10 L70 7.5 24.4 16.9
400 12 0.89 1.46 27 2.75 7.0 20.5 22.5
425 12 1.01 1.50 3¢ 3.00 4.0 27.0 23.0
250 20 0.00 0.87 0 0.80 1.7 18.3 16.5
300 20 0.01 1.05 0 1.15 2.8 17.8 15.0
325 20 0.83 0.95 3 1.85 3.7 18.5 14.8
350 20 1.05 113 3 2.20 9.5 23.0 13.5
376 20 1.14 1.51 25 2.45 9.6 25.0 15.4
400 20 1.32 1.65 36 3.25 9.0 29.4 20.4
425 20 2.34 2.26 140 5.78 8.4 34.0 25.6
R - - — — — 4.0 21.2 17.2
W oA
I P £ B A 2 | e el pgmagn | Sy E Y | w0y | Tl ®
BAFRIE | AR 3 SN o A Hek | R 3B 3B ; 3 =3
°C hr % % ce % % % %
250 1 0.04 1.12 0 114 6.2 21.8 15.6
250 2 0.06 1.30 0 1.21 4.8 21.7 16.9
250 3 0.11 1.82 0 1.30 4.5 19.3 148
300 1 0.50 1.29 0 1.85 5.6 20.6 15.0
300 2 0.50 1.33 0 1.89 4.6 19.4 148
300 3 0.65 1.44 0 1.97 4.4 19.2 14.8
350 1 0.11 2,62 10 3.06 6.8 23.6 16.8
350 2 0.85 8.64 60 4.86 6.9 23.8 16.9
350 3 1.26 4.08 83 5.47 7.3 24.0 168
400 1 1.28 3.96 58 5.42 8.5 30.5 22.0
400 2 1.66 4.15 89 5.97 8.4 28.9 214
400 3 176 4.20 115 6.15 9.6 25.7 18.1

[z 3 vid~ve vl e ey # iR os 2574,
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Wl sk & fgein <, 5°CohH2°C
X b plastic state (T & DITEHEE
BREVHRE B 2 5050, £
OGS Slicsr ez,
250°C 2= T O Hiid U WL AR

DRSS 2°Clmin O FHsEN
B, ZOMAESEITT 255 s
Rikzis.

Bunte®™ |3 250°C £ C® a+f

DL T o+ ORGT-~OHif
EELTE b, 300~350°C Tk
T, T OS50 —
JF a8 B R TR S LK 2
kL LTENT B2, T
@ oo L LB b 0T
7 & P A b o, Hlic 50°C
CxF sy 7 e XoCTH
LR EMBL, el

1T 300~350°C o X Dii,%fm@
I zOMBAEE = BEHL Hil

Wik sb0:LTW3S ° Ak 300 71&){;‘ e 250 300 30 woo o
AREEC I\ TH 5 A OFEAILE $10E  2~20°C/min ik L xR A TR
10 s B ¢ 350°C LI WS+ MR - Btk AT

THY, AMEELTAEFTCH N LRI TS, i 12, 20°C/min A7 A F 443 350°C L,
TTHNATY SO, SO, PERSEIC X 2 AR o R s X 25t e ibh s

PEETHEH T EE, 5 9IRS N2 ¢, 5°C/min T 300°C TS L7ei%, IBEHRETL 7ok
Ay €U F AR (M7 2 v, N E iRl LT v B 2 03U 6 o
300°C © 1A G SMTNEDOHI KT 2 HEFIR T2 h0oml A 224 cd D, KON
i 25°C/min T SN ETH D, 5 SMOEIFE RO TE D, oW TICEAO AT M
SFGHB L7, 800°C FREE TR a N2 L N UB o & 3T 29 250 L, #s 300°C
LLUF IR 31 DA BT 2 OMBEHREA L 1 (e TRIEOMWRIETS b, —J5 300
~350°C MR I IRIEREO K E WMt 2408man b, 3650°C coifl sy, v
Y v AR TR EEMEE {, Ny iR oM T B85, [T 2 v oW/
ALBSHER 70 & SO T B Wb 2 B 400°C TEAMIMR R EH L, —5 > 2 Sl
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BERKLTESHME, Bt L b (47 3 v ] 2P 35 it ns i it b i
WLUTITCHERLTWS, §60T 350°C P_hic 1) IR 313 255 6 RO WIZEO M,
BT S # B ORI R X 2 T4 7 2 v JORSFLTHd 297 L, 300°C LT ofida K
EEFT ARSI E PR 3B bW T B2 0Tl ey LT 5.

Wi 5°Clmin O Y7y 260°C T~ v AR L, [0H7 2 v RS L Tvw 2011,
Z ORI X b A% HARID %  fid LT 2B TTER (7 ARHCHE) A3l L2 55, U0 b 43T
TlZ soxhlet #ic X b Nv ¥ vl 2N 240, cOMOBEIRC X b N2 il 2
B¢, Bunte ®E I L ITHEEA Ltam%ﬂ,~72wmn@%“,%@4V£VMMﬁ@W
Hohs 5°Clmin TR BV DiE, = OGRHC ERFNFGE T 2R R BAEES Lo FerTig
R e Lfkﬁf%éﬁ%ﬁA&ﬂbﬂé-~ﬁ@22TQmm@%ﬁ®o%~ﬁW Mo Mo
W72 v] O¥iRE, 5°C/min AT rOSAMROMTAOF TN CHL L a@Wh b0 &
2H0b B BN, KIS FSETD BIE (B L7eiITmoiae X 3 k8 e o< L oT
@%Jmmémfk),morsmfifMKUT/cmvénﬂaﬁw[momf%aﬂm
Bunte OHAL L7210 ¢ B L CTHATEIITS b, ~ o+ w0 TIITIE, 2 oRsnn
FTBLDT, FOEREHCEE N F S B T 250~850°C [icina kT B2 o E
2 biB. 40T 300~350°C fiid R v U & » il S oMW RKITWI i a Fh S ORI X 2%
DT, = 3 300~350°C D o A OB O K KT L OTH 5.

Warren D3~z “sensitive range” X = @30k CIE 3T0~390°C it T, KO 340~350
C X by, HERICEMESIN & 2 iR 5 W o X Y Ve T odRk s N 28 pik<T
D05 RS ERS B L, L 9o 350~400°C [ i T v 2 ORI R 5
b b, FEONSTEE 350°CH Etiia b 0T, 350°C oA CiRuikoin { 250°C
M2 TomaOREC L D AHEIND alfhEOFTO 47 3 v OB L2 RETH 2
S S oo FElR A CEND oF I E L D, TN 7 3 v | ourisgl L kv, ziug g+7
WOFHORKECHERL, A2 afhb0 57 3 v ] O&R AERL HWHirEkl, o
iz, IR SRS TR & LTI THEART- D, (0% 7 3 v ONRsifiic
plastic state O EWC LWL BETH 2D ERTIOTH S

15 12, 20°C/min O, 350°C LI T~ v ¥ iMoo 2 vwolk, Sl s, #TaRo
Ha e z e 5 A iNc Ab RWETH D, CoREITHO plastic state NI 1 2 R0 % n
Hid b D BSOS OWTIEE ORI KO £ B 2 b, #0T 5°Clmin Y54 & BTN

FRNBH 2« B0 TRZ I kD, FOTREHCIRTIE xRk 3¢z LTd, Z04k)ifk= —
AT R S S s h s,

PFMBGREED =2 — 7 AT FIT T, D Eo#s by BRI AN 2 LBt b,

W T IS BE oD 1571 plastic state [T 3 1) BIRTNE R ITAX L OB LOTH B ELTY, WEE
CRET RGN X b, ZOMEL LT 2H/T-L{[—Thviibhb b, —fFTehvwiidsg
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MENDLOTH S.
Atkinson, Davis® O MERIT L, MBGREE & 1~2°C @ b5 U7c 854, Tllinois coal wl% 13%
WA IEHA L, Pittsburgh Seam Coal Tk 129 fIF L, A 2014 < SL L 7 Ao &3 LT

2B LW TH B,

BT B 350°C Tk, BHTHOMARINTS D, zOMAEHROBE I EILL 2 b
OTHY, affb AN TN ECESTE 205 TOMTEARNTH 245 BIWLITLEL B
58105 % 300°C FRE TR ISRIHA AR L v 238kl 2 4, z o857 233 300~350°C
Bt 2 o b OBIIEEC X 2 T5H7 ¥ v ] oA 2455 2 b, 350°C Dkt
JIi7 A RS i &R/ TALAT O B L RRC, $E A RS 2 b, kic 370°C AL
TS & T 2 Y o SERTE X b i shTw B

V. #&kitk mﬂlﬂk,ﬁ E&ETF 53R

plastic state rf1ic 3o} ZEFIET iIc #4595 plastic range DUF O 1) 2 BUEARYECH 2 1
BFDIC dsehs, plastic state o2 1Z, Mott? @ Wettability & Surface flow #*0ic X 2 %, &
Kreulen®, Atkinson®™,  Lahiri™ 0% 54K OBTEWRIED S0 3 A GRC L 20, =0l
BCswT7 2 v ERWE Lo 00T S 200 RS OAFERLYTD b, © OFHIRS E 15
OB X BFETSH 20, P €L M RZHEHC X523 0OTH2hic 1208
S. FUM R DN X 248 & T, B E T e fERKs FoboTdh b,
THBREOLDTHAS L, NMIES v ¥ wihiHio “solid bitumen” £ \WT L, FOREIEE 120
~HOPCO RO LD TH B, 5 SEic X B v ¥ vl oEE R 2 ] T b, plastic state DT
BAC 310 % 5L TE R, plastic state U &5 2 53 400°CHFE© 3 5°C/min OHAT 3%
TREETH b,y B0 L OO < HE 580 5L, — 45 9T Bunte OFGHL L b 400°C Fipr

I X DO AR IND2AEMRHELIN TV S, Yk « FEAME - A% 8) cowvwT <>

Woz  WOHBINIC X 3 WL 0B

i
SR ¥ SR IR | ESRTNE S o il .'nu.*f:m}% A | B
be | 2 | Div/min | b | 2% | Divimin
|
& e (1) — — - 46,000 | 7 b — — — 24,000
g RAPNTRY 8 21,000 y ~N ey 5 2.1 3,780
Vi ” Vi 30,000 V4 4 8 2.7 3,300
» » 14 35,300 ” » 14 2.9 2,500
W 7k 5 — 31,650 y 7k 5 — 3,400
Vi 7 8 — 33,400 v ” 10 — 5,000
v 4 14 — 25,000 4 4 15 — 3,430
. YN — — — 715
& R (2 - - — 90,000} v ®) Ny 5 1.25 440
» R yE Yy 5 4.16 41,200 ; y y 6 1.3 307
Vi y 9 4.28 38,000 - | » v s 1.8 320
v T oo~ 5 1.24 71,400
p y 14 4.02 60,000 W) | evF 7 7.79 536
V4 y 20 9.79 314
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Y oraittie €U F i L 72 D@ DWW T Greseler plastometer k4§ [} LT plastic state € V7 59
FHEE M L 7ei i B 55 6 RKicofkd. N v il L b old, &K E L TDICiEBhEE O T4
W bieht, TORMBIEKEVWDOTERL KTH—EETEML 200 L[—FRETH D,
FOBIUHEZ T W2, 3 Bunte OEERT at+ B OHT bl MEEbIL T 2345 X b,
WA & 75 L plastic state i€ oW TN & B 2 &, JOHIER R Ic AT D b &, BOMc X 3
JRPED & O EWiE & bAAEOHHEM DS D, HOZ2ORILH] Slalo ~ v ¥ v il H O S ic TR &
P 2R ERATHETS b, Ao— BB L RO TS 205, HHEETIT 255 -
WARDBHE2 BN BOT, FNORTREMTIERVS, KMARE LTFRERELETER , B
DIFFEDO LD THT EHF L BN S

V. R{LIERURRE L SO R

Wi 22013, plastic state LG HOBKRTH 5. chC 20w TERECHELTVS
AP0, LR, WU O 4 KO & T plastic state 234 I N D b0 & 4T, Bunte OFFHLT
b, W SO E Db, ~ ¥ oI 25 5°C/min O, 250~300°C BT AT H B
5, Ol plastic state PS4 L TH L WHTH Db 5, 390°C L kicihn TaRL,
FLOFSET ORI, Lo BB TG S WD, Bt B OMBGREE I X B85 B, B
i e ZHe RS [9817 2 v ] ORIRAS plastic state O ERICUHERIR T 2 4in5 2 54, ik
L #BgeadT %, plastic state BLETOMBAKEOM B X 2BBETOZc X D plastic state o
SME B YT D LA NETHD. 0T Lahiri™ 0E S A LR B isocolloid L 13 He
BT whRWEEZ B,

Mott™ § plastic state [T 4 OBUMRC LR 5 & E v, Atknison®” L RERTH 593, 44E
jli~/e plastic state DLRfc 3= B IO BA L,  Audibert’® [T plastic state (3 WEFELT 2 HIK
SIS T DRTCES 2T B L3k, Atkinson RO HBEE W T W B AL,z OB
plastic state ICIHF BFEIL WL OTh { Warren OE SR H 72 2Hic v 5.

iific 390°C BLEEI® plastic state [ A2 TH B OLRIFEOSE,  350~390°C o (kA3 1L
CHMBHEAMLTF LA D OB L, GOMTFASIRD LTI B g/ Lyeds, W HY 11 e i
L UL OBLIRDLE 7T BURHIA & IRSEENTNC Z huic 10% $8 £ 1A L e i b oT
HB- 390, 395, 400, 410°C i TWEHIRFF LA O b o T, (il b RN 3 v TR D TR ik
TED LHBEHANTWS, 2 UEIEIES 2 F A SR PO LOTH D15, (s b4y
FELDITE RS 2 b X 2 DB A5, 400, 410°C oG, SUIBETIEE LT LIG®,
PR OTREE i L0 2 LTRSSt Lol T 5. g0 th O I 3510 B IRTEHHE DA
TiE, L LTEOGCES 2HIE L L COWEBREHARIEC L 2 0Th A5 2GR
ZOBOWERFNC X ZikTHEE AT, Wi TRt B 2 M Tk 2 (L D b O O
ERLTE D, @O THESMESS DU EAREC W TEGMEZTI R 2, WbMcHT 5
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YRS b OB LT v

100000}~
BHEFL TV B, Bt ’-:: K"Y%,ozm
% WMoYy 410°C o,
FOMFR EEAL L THTME 2 2
D b O Hs 450°CHRIT T IO .
BhED € — 2 235O, b o000 |-
PETHMIC X D T % & e
F B YRS DA B R BT gt

CHRTLDOTH 5.

R 890, 410°C cHf R
Bitry SREHNN O EIBEOMLF
BEELWEHHT, oWl
VoY e r R T (N [N N
TEHD, zoOIdE Riley™ 43X

e *

. l |
!

FREIHIEE S, 't r~X,

7= v OB, M

DRINE, HEERD ¢ il 2
¥ g TR L 2 B 2 Va

H, afifil T R v viciR i
Dﬁfé’”j HI!'/CZ) } wL.\Aby le]uj
ViITBHG D 0o 4

i
‘.
\
\.
EECE T 4% mii»l\ i
\
|
|

o e AT o 34T T
AR —FEEINTH B & COEILE  WEMERORRE R T LRI AR L e
j/gi £1 i %
I Ao Gleseler plastometer FEHIE AL

b, z o plastic state fic T lF AISHFHIROEISTEENB BT B2 — 2 % r[!@q’;’n'ﬂ'i C I B
%:7; LTw3.

TR B, (EEIIINC S DRI O A HE RGN, i 395°C oM ofiik i B,
I B EEIMENE preplastic state W% ZALLAFTOBRTC 510 2 firy B & B (e L T 0] gk
DIRINTWD

DX bkl Ed, Kyl 2aaimhiE « @i kic W Tk, plastic state [T
EUHFTT 20 TH Y, BKREOHUES BRI EN ML, e X 2/ The, chic
15 it X B KOS T-ALhigiic As L oo EE L LTI b O TH 2R a7/ LT 5.
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Warren™ ™0 O3l L7e “sensitive range” OIS — MO D L b UT/hAiRo e
LTWwa O3, HEHo BHL X b3 i, plastic state 10 5\, 48HHE S UC 0L e 2
T D [HH7 2 v ] 5D 2 Ofpdic R RBR 21§ 2 9 il ~Toli7e.

Lambris™ X F % Wi LM 2 7 8dy, = — 27 AWBEEHTR L di e 3d L, Schauster®™ § 7 27
=V IKEEAEBE R S L D2 b DM, V2 = v s ROMENTIL, § —A « FRAOWEEDRA
BB T D, SUEEMATIAHE « Ml b I U re 5B 0 Ao MR EED S LT 979, 3L Gieseler
plastometer (¢ T34 2 L 45 7 35m A { plastic state (€ 3x1F BIETIEEA 28 L {83 2 W 2B 72
zi B UL, o in { plastic state NIC ol ZHRAFIE L MEHET 2 b OB, ZRDIETo Warren Ok
~Fe preplastic state PIAEE 1 BIC U B0 236 IR 2 b o boliligns 5.

Lambris TSN O %G, BREREAMHRO L WHER ZORBEOFK L WwHihs, & LT -OH
TN~ 7 LIRS D HEETNWS. 4*'«)11 L LTS LML X B ANt R
MBS EHE 2 B, HiFC Schauster™ O IR L IRIMOYG /KO AR R LTw2 I Zo i)
ﬁ&%z%ﬂé-MK%7£K¢??/@%%K%®T,ﬁ?ﬁb—%,vywyy,yVTTy
SO B YO TRINC & 2 TIOR3 LTI plastic state it T o Wi R BIRH G © 14k
5% bk, BBROBETD, WHBHBEFrERETIMHMEIC I 2 IO LHE 2 e FVEMTIH RV
e r 79173y, F7==~07 8 vETRBREEO LABRNZH I DL, JifFkE
FOLOOWBTEEVEIZHEITES

Wcilc B0 256 0EREr2RkE T2 0 Tchvh b2 o, i 10 o 2507 2
B 425°C (€ iF TOBANRDE (R B & FEHESMTE R O3 T, 2T XU 250C° 3 B 300°C
DML, 350°C L T2 K& CRGOEESBD Y, 15 350°C e 4T 2 A O KERS
1 CO,, COTH Db bIIIEIRLA « K& L 400° 5 450°C @ plastic state i VT W3. Qi
Porter, Taylor™ S0 EHHTIL, WHMMET + U v & LAEES U ¥ A (mep. 220°C) IV, 7 AFk
DT 0.5~100 mm O FTECT 250, 350, 450°C 0 AR i T IC 5 L 7e i 450°C ol
RESSIE # L2 L4 S i b &, & Clark, Wheeler  [iJEof I & [ LT b Bic /4 plastic state
EA AL llwpr%;’g@;@flzﬁs'}ﬁcﬁ-& ANTLEVW, RLELARLERR Z O EEN N TH D,

SCEREIC® @ XU, SR IO BRI X 2 SR o R0, KO A
O RAVIER G EREE L b UARERO EES AT C HETH b, KIBIED £\ 3Tkl
fEE B, MOBTLEALT 20, KEESRIEOA e X Y tef5fle n b, WEro=x7
A B /»‘)14 PO—FIRE R D LDTH Y, HT-HO-—OKREEIEISEHMLE T 5 &, 1D OKER
b NG, BORERL, BUKBAATTERTOMMOBESL AL kY, AT 2H 2O

Bl LT v o ~ @ HBE T v 2 — L ORAEO BV b O IL UK Bkt L,

BOJREEB AL TR LT \wd . zofiilE, TS L o -2 2 oBRc g R il 5 o
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BTk YVIESOCHET 2 RINNIC X B b reODE o8 E

. EE | s | me m Bk WerLL
S T i PR AR ik B W 1 e Effdids T
% °C °C °C | Div/min °¢ . °C
& W B 373 411 430 I 17,000 459 48
Fex0, 5 377 423 438 | 1,670 451 28
7 7 382 421 435 199 441 20
» 10 388 427 432 90 437 10
S 2 388 421 43 674 451 3
» 5 418 — 435 17 - -
KsS 5 392 4921 432 483 445 24
Na O 5 385 413 439 11,975 454 41
Zn0 5 230 412 439 6,050 454 42
Na.COs 5 235 414 435 4,280 452 35
” 10 385 419 435 1,190 455 36
CaCO;s 10 385 414 432 2,340 452 38
N2:80, 5 375 409 433 12,750 455 46
NaOH 5 397 422 43 190 43 14
7 v 7T OF v b 378 412 432 | 2,980 450 38
=~ 7 7 U v ik 5 335 417 433 1,910 451 34
CREES A 5 382 414 432 1,970 450 36
P A N 5 390 417 432 4,330 451 34
BnEA Y 2 5 378 411 - 432 7,190 453 42
g7 F AT Y 5 378 409 430 36,600 457 48
F T AT T Y 5 376 407 433 98,550 451 44

¥8k  450°C E -CoMBIC o T 2 IRNEER

o New River . ) ‘West Frankfort | Sheridan country.
e L West Virginia Pittsburg Illinois ‘Wyoming ’
7k i 0.60 0.93 2.07 5.93
b 21.60 33.02 35.21 41.47
PR 7 3.93 9.07 9.17 6.45
c | 89.3 $5.25 80.91 74.94
H | 4.88 5.45 5.14 5.26
¢) 2.60 5.59 10.89 16.93
o 22,42 36.69 39.70 47.35
HO:rLT 9% 2.00 3.80 7.3 11.28
JEREHE (CO.  # % 0.32 0.25 0.77 .10
co v % 0.12 0.18 0.24 1.02
it 2.44 ! 4.18 f 8.48 15.85
i
B oA 9% 70.6 { 3.1 : [ 84.8 100.8%

* 1002 BTS2 0dhae 2 ARG B0/ ERIECIER D ORI LA D,
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T, ROV AT B\ T AREIIMISC X B A0 BEE R I LCwh. 1 2 OB
AL TR TRET 2 HBETH D, WEAROTRAO L, b2 — 7 ARAARALE
DOHEAZ S DS WHICE L TIE, 2~ 7 ARBHCHERIELOHGO & L4, AMEROL W
ILAISALER TS WA T H D O, FEIT 20 TS 2 T B BIROFERPER 2 — 7 AR Bk
ELTED S % %L,W%ﬁ}mmmmmmi@mﬂ%%@m@&ﬁ%kﬁﬁ$@@mt(mm
FrlEsa, BELTHBBRIROBEELEZBND DO LEMO TZOMETEBEL FLhic LT
kD,%LMMkmwiﬁmﬁﬁmﬁﬁﬁﬂ@h&mwo%@@ﬁﬂi,$&2~7XD%ME%
MWEDILTHEVIETELEDHETHS

Lo RS 7 -1 & 3 5 i 1% plastic state th T BTN THNL TV R D TH B HE, 20
BEAGRIE D B ST H Y, £E2T 300~350°C o BfE N X 2 [ 7 3 v JORIKIE aifds
BOARIC X b, BIUIBIRD [57 2 v ] O X 2 W40 N TES RO WTHEMEE
Wi ~7ch3, 200°C & oM i 7N 43 800~350°C fo i o e vy lz, o
iR B Ot 350°C Lk plastic state & TOWFIRSM X 11 5 fid Mo BEAH3%  plastic state [{ific
B BEGMOMMCKESELR N o b TH D

LYACEEDMN AT YERL, ZOHESO L HL B b, SHIESZ { FLoMEib <, A
LRTHDE, MBCHIRT 3 HHERIESRE WETH D, 0o TH 9o JERFTS G2 o 4R
BEov ) Fodlci snaimd, THM7 3 v ] oW Kassdic Bb i, #0T plastic state
AR TR AN & v & L4192

VL  #EfEECEHT 2 p BORE

Bunte® & A& 400°CEL THOBTHML T2 o kil 2259, X a b bo
B X DAL D EN TV B HOFHEE L, Foxwell™ 3 880°C © B ooiTin, 400°C L k¢
ST HEEROTE D, —JF Hlingworth™ 3 1% 300°C LLF T4t LIG® 400°Co5efi+2 & L.,
Horloyd, Wheeler®™ 2543 8 1% 250~350°C AT I L, 300~320°C JcEnKTmL, ol
BOFHOSEREET 320°C o> T, 300~320°CHUDMTIIE afBHboR M X2 b OTH D, I
350°C % TOMIMC X B Tk VIT RS BB VT LT4% THO TR EWwWo T, Z0EMclk
RIEFTH D, 2T BDORMONMITFROEEEESMRIEETHE L RV LTV
HROMBCHES [HH7 2 v ] OB DWW TR e ik~re. SR RT3 IS
il BEBUI B LG TEAATAET 2 T 7 2 » JIeB L CTd B, Mott™ § 4o s ik Ik
3 b plastic state & TICBEHELE T2 b0 TH 5, WhHEROERCET Mk bigbhke
Hee ofUES O R0 5T 350~500°C cofilikas of i+ 2 Jx feicd b,  zhboil
R OBCET 2905 T RETHHH KT D
ﬁ'&é@*ﬂifﬁiﬁi,’ﬂ ¥ % Bone™, Wheeler™, Fischer™ M fitdioint b, i Kolti e =

OAEAROTATES & DOIOEIRC W TR RN BRI ETH D, HOoTEOEEE IR Z0A]
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RO s NETHD.

WE T, N FRTH RS & b, plastic state O A4S E LT ) F o8Ik 2
135 X5 B T7 2 v ) ONBC X 2Bk sskin CRBE RIS SN TH B A, ¥
Hi e Bunte DEERICHEWT D, MBSEK T2 [0 7 2 v OBEWSME % Le L oT
FREATO B 20 b o0 L ERZ Vb LA kw L, dlite Horloyd, Foxwell DT %
BIp LT AHD D, WHARPIC TP S B LI OWTTH 2 hErBIETH». b
Hifitkic ¥4 2% plastic state P I1r 2 T4 7 2 v ) SO EEPE BRI L 7228, 2 OB Iisio
FidF D BIROR EUHRT D b ODEDL IR L TH I LEEBE VWD TH 5.

Fischer, Broche® 4 o> i~ > 42 o il “Solid bitumen” ORI & 4MisiE Y fiic X b 52 43,
Jo x 123~230°C, 156~300°C L lcd b, Biggs @ u-coal @ Soxhlet S~ ¥ v i L
OO = —7 LT« RESHROREE A2 2 100~120° 300~350°C TH Y, 0 THMHENIE I
o Tchs.

ERON IS HBKPNC & 2 s~ o2 Al & 55 & oo fEllidR 55 1 s I 7253,
B bbhs X 5, L Crussard® OEERICHE VT, I IESSP I 300 5 4 & D B,
S RAE W HLASE O B, X Fischer, Peter, Cremer™

plddd 3

D wmcoal EEGTT, IS v Y — Al =
—F b, AF ez~ ATHH L e, 4.5%,
6.7% W L, BAD b U 554, 0.9, 3.5%
S E R, A0 T b FU IR @ T eRie
LT s B i~ s 405 B3 Sl & L e B O AT
IO VFERPCRF T, L DB g
IND. FRICHTRC Biggs @ = — 7 A ANFIRA IR X
b ElASE WL, b T 3 v ) o sl
PR X D s e SR o i AR S h
DL, —Jis Sl [0 7 2 v | o8 LkLTh,
5°C/min &35 Hm 250°C % C o ikb b IR Fdk
OBOLOTH Y, HozoWs b 300°C L LTk
e & D AARATALEN T bDOTHB 15, «
MWDo [5H7 < v | OWAER RIS &
LTh, JUHo BEEoA5-{ihs it & s B b o

G\, 0T plastic state ) ds (b5 [0~ 3~

RS e 2 LRI phr 1o Sl SR fer b ) B D Y NN SR t 2 0 co Mo s 46 00
AT B gt LA T D BHOTIZA T WD o A W P Sewaw
DEBS. ‘ HI2E AL T oM

S S BB, B I < s @ AR R

fxt
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BE, sRidndic X D plastic state (€ 13 DRAMEIT S A4 240, A8 T U plastic state DIFHic I i
BRI w2k & L el RIEOREEC X DR 2 (AN b0 TH D Hkilk~rehs, 4 a b7
FIOREESA R BT 5 i VRICR IN D KM F ORI D B CTKTHS. X

BOK o, p, rikoBREHE Bunte®™ off X b b RALEOHET & ke B3O

Buntes:g)-r Bakes™ Wheeler, l]‘k&@:ﬁ: L/V‘ } i’)r;{,]\&b Eh‘tj’@ I) ’ ’/ft’:OVC;ijé'ﬂ:
U Clark®
o 0 o BRUC B0 TORIT R RO B0l Ta ), D
- [ e X .
Rt | Wi BEEROL WED B D, plastic state LLTF O
o 4.3~1L7 | 9.0 9.4 10.41
8 07~143 | 110 | 106 " Mmmkﬁ%mm%m;%h” ME 520 B Bady
- 2.8~8.2 445 44% DREVWHESRTmANS.  —FEHE »bh 2
re | ST~104 BT SAT 0 436 ppastic state LUFIC S50 B I IS TS N
rs | 125~140 | 11.8% | 8.9% ) _ -
Hi b, hvD plastic state DT @ 3\ T L &)
* O+N+S o #7573 - frok -
T Bunte @ﬁfr'?;ilé#i 71*;;: 3”?'%7;24?!]2@5’1& \n B 5711 '{‘[I!'fHU_VC/{\j 4 J&AZ)— 2l)V)/b ?ﬂ (,Uéﬂ
A EAT L 6 KOW ¥V F UM RO A %

DU & e plastic state 1€ 34 2 HTIE DA OE LWELE D, FEShoHiE7 2 v, W%
BIRORHHEC K IE TN OR T S ERL TS, Wi plastic state [ 351 B 2Mic X b JEST
WA B T LT E 5 b D iE, ARSI T S & 0T\ 2o b D DR T R 1 LS
7 BRI TH D, % b ifTic plastic state 2L LT L, ZEERE R0 LCR ST B
AT 7D LOBRFNAREBENETHS. 4 Buntd™ Ofifilic X 2 FRASOR G Y
AR L B WS IR E & 5 5 10 Ko Wl T

Bhsiss DI LI, Wb YR O £ Wi g5
LTw%. D& b BEA L THARITOIEMITTE
TR EWTY L 7 SMRETE T 2 50 R i L

W05 K% oM

34.1 27.0 26.5 18.1

S ARy AT 8 19.9 19.2 20.2 17.8

Chi o[ L Ml wilb c tek b, b 71 764 | 949 | 953 | 957

3BAEYD B G, BB plastic state D A5 2D b D c i Te 748 727 78.5 754

e D ThL, ZOBROWELICE L CER T34 493 48.4 49.3 50.1

BT 2 2 o5 4 v 2 AR O S v &2 5 5L L5 SR 1 s B 5419

i W& L L - . 2 53R gk y 23.4
DiE, Mg CHITRRCH Y 5 B3l 3o xR v 982
4 a—y B v 176

DREZERRLTCOWE bDTHD.

VIL &

il

LI bz & UC plastic state 258 B4 2 3188 %, MEEEOSM e X b2 plastic state DR
T &4k & 1L, plastic state LU F@ sl 2 4008 ITICE N LTiTo e, S8 LA~ e HERR
VC:JL“ Tifc&'f]” O LD K\/‘ ) L) Pi{{ G, C}%LVC}J L'Cf(j:'f( 1 c L ) UV)ﬁ” :‘ﬁ)%'ﬁ.f
BAE i LG AT 2 BETH 5
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