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APPENDIX 1, THE EFFECT OF RATE OF HEATING ON THE
QETICAL FROFERTIES OF VIIRINLIES



(a)  Lowerank vitrinite (carbon = 80,0% daf)
(1)  Fresh (Plate 3a)s dark grey, mostly structureless

collinite, but with some particles exhibiting cellular structure;
a little sporinite and also some streaks of semifusinite are

presentt 1isotropics

(ii) goo°g (Plate 5a)t greyish white, angular, development
of small vacuoles of about 1um to 3um diameter with 3um vacuoles
mainly present in the carbonised residue at the fast rate of
heating; sporinite is still present, but has lost original dark

brown colour, becoming light browns isoiropice

(1i1) 420001 greyish white, angular, development of
vesicles of 25 to 25 um, the size of the vacuoles increasing
with rate of heating; complete disappearance of sporinites

isotropic,

(iv) 5@(:«-5:1500 (Plates 6 to 8a)s white, angular particles
at 1°C/min and well rounded at 60°C/min; at the fast rate of
heating particles consist of a thick rim and a network of thine
wé.lled vacuoles (Plate 8a); the size of vacuoles varies, but
generally increases with rise of heating rate from 2.5um to

50 vwnm diameter; this vitrinite at the slow rate of heating
does not plastically deform,retaining original angular form

of its partioles, but at the fast rate of heating the particles

become plastioc and roundeds isotropice

(v)  600°=700°c (Plates 6 to 8b and 0)$ white to oreamy white,



still angular at 1°C/min, but riddled by small vacuoles (sbout
245 un diameter); at 10°C/min the particles are plastioally
deformed, but still some of the particles keep their angular
shape and do not develop vacuoles, even at 700°C, although
they have a puffy appearance; at the fast rate of heating,
particles develop typical 'cenosphere?! appearance (Newell and
Simnat 1924 and Street et ale 1969)¢ partially weakly
anisotropic at 1°C/min, weakly anisotropic at 10°C and
60°C/mine

(vi) 7150950°C (Plates 6 to 8d)s creamy white to oreamy
yellow at 1°C/min with particles slightly rounded, vesiculated,
slightly swollen and with a puffy appearance; particles at
10°C/min are vesiculated and rounded and show a high relief
typical of fusinite; at 60°C/min particles are swollen and
the thin frame is broken in many places, due to volatile
release (Plate 8d); +the particles are very weakly aniéotropic
at the slow rate of heating, but at the 10°C/min they develop
partial strong anisotropy in the vicinity of vaouoles, but
otherwise are weakly anisotropic, anisotropy increases at
60°C/min and small particles develop strong basic anisotropy
and in general particles displey strain anisotropye

(1)  Fresh (Plate 3b)s medium to light grey, uniform,
struotureless vitrinite with partioles occasionally contaminated

by sporinite, and angular partiocles of inertinite and pyrite

o



globules, no cellular structure visible$ very weakly anisotropics

(1) 400°C (Plate 5b)s grey to greyishewhite, angular, but
slightly rounded at 10°C/min and 60°C/min; sporinite still

present, but has lost its original dark colour, some streaks

of inertinite also presents isotropice

(111) 450°C (Plates 9 to 11a)s greyish white, non=coherent,

but rounded; vesiculated isotropic residues at 1°C/min;
coherent, vesiculated residue softened at 10°C/min; disappearance
of sporinites development of partial fineegrain mosaic in
particles, but some still isotropic; the isotropic particles

are cemented together by a fine=grained mosaict partially

anisotropice

(iV) 5000-57500 (Plates 9 to 11b[: white, semi—coke shows

rounded and vesiculated particles at 1°C/min around 500°C,

but develops coherent, fused, vesiculated residue at 550°C
and 575°C; at 10° and 60°C/min the residues are coherent,
vesioulated; the carbonised products at 1°C/min develop a
partial fine~grained mosaic, but the majority of particles
develop very week nonwgramular basic anisotropy; at 10°c/min,
semi=coke shows flow~lines in the vicinity of vacuoles and
develops fine~to modiumegrained mosaic (Plate 10b), but at
60°C/m:i.n the residue consists mainly of coarsewgrained and/
or flow type mosaicss intensity of anisotropy increases with

the temperature and rate of heatings



(v)  600°-700%C (Plates 12 %o 14a and b)s white—orcamy
yellow, softened, coherant, fused semi~coke; the carbonised
residue consists of a fine-grained mosalc at 1°C/min (P1ate
12a); fine end/or medium~grain mosaic at 10°C/min (Plate 13a)
and mediummgrained to flowetype texture at 60°C/min (Plate 14b);
large domains of anisotropic areas developed at 60°G/min
(Plates 50 a and b) with also typical nematic structure of
'playes & noyeaux! (see Hartshorne and Stuart 1970): intensity

of anisotropy inoreases with temperature and rate of heating.

(vi) 750°-950°% (Plates 15-17)s creamy-white, to creamy,
coherent, fuaed, vesioulated coke; the mosaic structure at
‘lOC/min consists of finewgrained mosaic with even some particles
without gramularity; at 10°C/m.in a strong granmular anisotropy
develops of fine to coarse-grain (Plate 16)3 at 60°C/min the
residue shows strong preferred orientation (Plate 17) with

strong 'pleochroismt,

(o) Low=rank cbggg cogl vitrinite gca.rbon - 8:{2% daf)

(i) Fresh (Plate 3c)8 light grey, homogeneous but some
microspores a.nd/or fragments of inertinite; mno cellular

structure present under crossed polars$ slightly anisotropice

(i1) 40000 (Plate 50)8 light grey, non-ocheremt, angular

rosiduej development of vesicles of §to02Cun diameter, the
gsize of vesioles inoreasing with the heating rate; sporinite

still presents isotropice



(iii) 35900 (Plates 18 to 20a)s greyish white, semi-angular

10 rounded but nonpoherent residues at 1°C; ooherent residue

at 10°C and 60°c/min; development of partial finegrained
mosaic structure in residue carbonised at all heating rates,
but some particles still isotropics the isotropic particles
are comented together by fine-grained mosaic texturej isotropic
ephorical bodies of up to 20 um diameter present in residue

carbonised at the rate of 10°C/min (Plate 47a)e

(iv) 500°%<575% (Plates 18 to 20b)s white to oreamy white,

non-coherent, residue at 1°C/min but softened and coherent
residucs at 10°C/min and 60°C/mini at 550°C . particles
carbonised at 1°C/min become rounded and agglomerated with
gramlar mosaic texture of units of about 1 um diamecter; none
vesioulated; the carbonised residues aro coherent and vesiculated
at 10°C/min and 60°C/min, with mosaio textures consisting of

fine and/or mediumegrained texturo at 10°C/min and medium=-grained
to flow-type at 60°C/min; the spherical bodies of up to 10C um
diameter present in iesiluss carbonised at 500°C at the rate of
10°C/min (Plate 47b); the residue at 60°C/min develops high
relief and large vacuoles of about 10C um diameter and also
exhibits strong preferred orientation with increase of
temperature; laege domains of highly anisotropic material

present at 550°Cs anisotropice

(v) 600°-~700°¢ (Plates 21 to 23a and b)$ whito—creamy white,

softened, ocherent residue at all three heating ratesj inocrease



1;1 anount and size of vesiculation with incrsase of temperature

at 1°C/nrl.n (Plate 21a) and tho mosaic texture consisting meinly

of finowgrained and moscioc texturpsi the oarbonised residue at
10°C/min develops high relief and also exhibits large domains of
enisotropio material (Plate $1b) which show regular anisotropy

and mainly oconsist of fine to mediumegrained mosaic texture; at
60°C/min the carbonised residue consists mainly of coarse—grained
a.nd/or flow=type mosaic texture; also large domains of anisotropic
material are present (Plates 51a and ¢)$ semimcoke shows strong

partial axdigotropy.

(vi) 750°-950% (Plates 24 to 26)s oreamy white to creamy;

the carbonised residue at 1°c/min develops vesioulation and consists
of mainly fine a.nd./or nedium grermular moseic showing strong and
regular enisotropy with inorease of temperature; at 10°C/min the
coke is swollen end consists of different types of mosaic
texturey, but fine a.nd/or medium=grained mosaios are predominant;
mosaic structures within different areas develop similar optical
extinctions with urndulose extinction presentj +the carbonised
residue is cracked, vesioulated and swollen at 60°C/min and
differont types of mosaic fextures are present; the granular
mosaics align themselves parallel to each other at the peripheries
of vacuoles (Plate 26) indicating extensive ordering of molecular

structures

(a) ~rank coking coal vitrinite (carbon = 90,0% daf

(i) Frosh ‘Pla.tg za)! pale greys homogencous, but some



particles have sporinite and inertinite contamination; no
cellular structure visible under orossed polars; weakly

enisotropice

(11)  200% (Plate 5d)3 greyish-white, engular; no significant
morphological differences between the residues produced at the
three different rates of heating at this temperature levels
development of vesicules of 245 to 5 um diamoter, indicating
beginning of softening; sporinite still present, but in some
particles is depolymerised and has lost its original dark

brownish=grey colour to light brownish—greys isotropice

(111) 45Q°%¢ (Platas 27 tg 29a)3 sgroyish-white to white,
vesiculated, disappearance of sporinitej; non=coherent residues
at 1°C, 10°C and 60°C/min; & 1°C/min the residue develops a
graxular mosaic and partial anisotropy, but some particles are
511l isotropio; at 10°C and 60°C/min the carbonised residue
develops gramlar mosaic of fine to mediwnmgrain, but the
intensity of anisotropy varies for different particles;
carbpmosed resodics at 60°C/min exhibit plant=cell structure

(Plate 57a)s isotropice

(iv) §OO°-§:Z§°_C_ {Plates 27 to 29b)s white, nonecoherent,

non~vesioulated at 1°C/min; ooherent, fused, vesiculated
residues at 10°C and 60°C/min; residue develops fine-grained
mosaic end ococasionally mediumgrained at 1°C/min, wheroas at
10°C/min at 500°C spherical bodies of up to epproximately

16Q @ oorcss (Plates 48 and 49) developj small spherical



bodies show !pleochroism extinction', e.ge a dark bar moves
across the surface of the body (Plate 48); spherical bodies
exhibit the p§1es and normally the smaller bodies are attached
to larger spherical bodies (Plate 49a)3 mosaic structure of
medium-grained, flow-type also form in carbonised residucs at
10°C and 60°C/nin at about 550-575C; development of £low-lines
in the vicinity of vacucles at 10°C and 60°C/hin; development
of nucleated domains in residues carbonised at 60°C/hin (Plates
52a and 53a and b); carbonised residues also exhibit plant—cell
structures (Plates 55, 56a and 57b and c¢) which show fine-grained
mosaic structure, but the cellular structures have lost their
original shape and have flowed in the vicinity of vacuoles at
60°C/bin (Plate 57b); granular anisotropy, with the intensity

of anisotropy increasing with rise of temperature and rate of

heating,

(v) 622°=700°¢ (Plates 30 o 322 and b)s white to creamy white,
non-coherent, non-vesiculated at 1°C/hin but coherent, cracked,
fused and vesiculated at 10°C/min and 60°C/hin; the carbonised
residue mainly develops granular mosaic at 1°C/bin, but at
10°C/h1n shows medium-grained to flow-type mosaic textures
(Plates 31a and b), whereas at 60°C/hin, the mosaic structure
mainly consists of coarse-grained and/or flow-type textures
(Plates 32 a2 and b); large anisotropic domains also present in
residues carbonised at 60°C/min (Plates 52a and b and 53c);

it appears that the mosaic units are . partially aligned perpendicular
to the vacuoles (Plate 52b) showing a common orientation; plant-

coll structures are also present (Plates 55, 56b and 57a)s



anisotropic, with the anisotropy increasing with rise of

temperature and rate of heating.»

(vi) 1§Q° - 2590 (Plates 33 to 35)t+ oreamy white to creamy
at 10C/bin; the carbonised residus is non-coherent, vesiculated,
whereas coherent vesiculated cracked coke is produced at
10°C/hin and 60°C/hin; the carbonised residue consists of
granular mosaic at 1°C/min (Plate 33), but mainly medium to
coarse=-grained mosaic and occasionally flow-type mosaic

(Plate 34) at 10°C/b1n and coarse—grained to flow type at
60°C/bin (Plate 35); large domains of anisotropic structure
present at 10°C/hin and 60°C/bin, showing high degree of anis-
otropy (Plate 54); plant structures still present (Plates 55,
56a and 58), with the intensity of granular anisotropy in-

oreasing with rising temperature and rate of heating.

(i) [FPregh (Plate 4); greyish white, uniform, structureless
with some angular-shaped and/br streaks of inertinite and
occasionally some pyrite inclusions; plant structures visible

under crossed polarss anisotropic.

(i1) 550° — 600°C (Plate 36); white—creamy, uniform,

structureless and angular with development of vesicles of
about 1 to 25um diameter indicating the onset of plastic
deformation; size of vesicles increases with rise of
tomperature and rate of heating (Plate 36c); bandings

visible under crossed -polarss anisotropic.
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(ii) 6250 = 700°¢ (Plate 37)s creamy to creamy white, angulars
development of extensive cracking and fracturing at periphery of
particles at 1000 and 60°C/hin (Plates 37 b and.c); vesicles of
about 2,5 to 25 um diameter, the extent of cracking and fissuring
and vesicle development increasing with rate of heating and
temperature, banding more easily visible under crossed polarst

anisotropic,

(iv) Z§Q° - 2§Q°g (Plates 38 %o 41)3 creamy-yellow, yellow,
puffy appearance, cracked, fractured and vesiculated; extent
and size of vesicles and fissuring increase with increase in
heating rate anl rise of temperature (Plate 38) and at 50°C/hin
particles are riddled with vesicles of 2,5 to 25 um diameter up
to about 900°C when the amount of small vesiculation is reduced
(Plates 395 40); under crossed polars some particles exhibit
granular structure (Plate 41a); also banding visible with
inertinites recognisable by the local high reflectance of
surrounding vitrinite, which also exhibits a high degree of
anisofropy (Plate 41c); cutinite present showing a higher degree
of anisotropy than surrounding vitrinite (Plates 41b and c);
anisotropic, the intensity of anisotropy increasing with

temperature and rate of heating.

(f)  Higherank anthracitic vitrinite (carbon = 94.2%)

(i) Exesh (Plato 4 )i greyish white, uniform, structureless,
gtrozks or angular fragments of inertinite, banding visible under

crossed polarss strongly anisotropice
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(i) 550° = 600°C (plate 42); white to creamy, development

of fractures and limited vesiculation of about 2,5 um diameters

carbonised residues at three rates of heating essentially similar
to one another and to the fresh vitrinite; Dbanding visible
(Plate 42a) under crossed polars; megaspore structure (Plate

42b) clearing displayed; inertinite also present (Plate 42a)s

anisotropic,
(o] 0
(i11) 825.=700 ¢ (Plgte 43)3 oreamy to creamy white, high

relief, development of vesicles of about 2,5 to 25 um diameter:
which is more common at the slowest rate of heating but the
number of vesicles is limited; particles at 60°C/hin develop
a system of fracture under crossed polarsy the banding is very

clearly visible (Plate 43b and ¢)s anisotropice

(1v) 12907 = 950°¢ (Plate 44 %o 46); creamy yellow, puffy
appearance, angular, vesiculated (2.5 to 25 um diameter)j only
at GOOC/hin do particles develop a system of fracturesy kcutinite
(Plates. 44b and 45b), megaspore (Plate 45c) and inertinites are
presenty anisotropy is stronger at the periphery of inertinite
(Plate 44¢); three types of microlithotype can be recognisedj
vitrinite, clarite and durite (Plate 44); at 1o°c/h1n, some
particles exhibit fine granular material (Plate 45d) as well as at
the periphery of inertinites; bandings still visible under
ocrossed polars and apparently the anisotropy of fine bands of

vitrinites in some particles is increaseds anisotropic.



Plate 3 Fresh vitrinite, plane-polarised light, x 190

(a) low=rark bituminous (carbon = 80.0% daf)
(b) caking=coal (carbon = 85.4% daf)

(¢) low—rank coking—coal (carbon = 87.9% daf)
(d) higherank coking—coal (carbon = 90.0% daf)






Plate 4 Fresh vitrinite, ¥ 190

(a) low=-rank anthracitic (carbon = 93.5% dmmf)
(i) plane-polarised

ii) crossed polars
(1) d pol

(b) high~rank snthracitic (carbon = 94¢2% dmmf)
(1) plane-polarised

(i1) crossed polars



(a) (ii)

(b) (ii)

() (1)



Fig 5

Vitrinites of bituminous-—rank carbonised at 400°¢
plane~polarised light, x 180

(a) low=-rank (carbon = 80.0% daf)

(b) caking (carbon = 85.4% daf)

(¢) low-rark coking (carbon = 87.9% daf)
(d) high-rank coking (carbon = 90.0% daf)






Plate 6 Low-rank bituminous vitrinite (carbon = 80.0% daf)
carbonised at a heating rate of 1°C/min, plane-polarised
light, x 190

(a) 500°C
(b) 600°
(c) 700%

(a) 800°%






Plate 7 Low-rank bituminous vitrinite (carbon = 80.0% daf)

carbonised at a heating rate of 1o°C/min, plane-polarised

light, x 190
(a) 500°C
(v) 600°C
(¢) 1700°%

(@) 800°¢






Plate 8 Low=rank bituminous vitrinite (carbon = 80,0% daf)

carbonised at a heating rate of 60°C/min, plane—polarised

light, x 190
(a) 500%
(b) 600°C
(¢) T00°%
(o]

(a) 8oo°C






Plate 9

Caking—coal vitrinite (carbon = 85.4% daf) carbonised
at a heating rate of 1°C/min., x 180

(a) 450°% plane-polarised light
(v) 500° (i) plane~polarised light

(ii) crossed polars



(b) (ii)



Plate 10 Caking=coal vitrinite (carbon = 85.4% daf) carbonised
at a heating rate of 10°C/min., x 185

(a) 450°c(i) plane—polarised
(i1) crossed polars
(b) 500°C(i) plane-polarised

(ii) crossed polars






Plate 11

Caking—coal vitrinite (carbon = 85.4% daf) carbonised
at a heating rate of 60°C/min., x 180

(a) 450°C (i) plane~polarised light
(ii) crossed polars
(b) 500°C (i) plane-polarised light

(ii) crossed polars






Plate 12 Caking-coal vitrinite (carbon = 85,4% daf) carbonised
at a heating rate of 1°C/min., x 190
(a) 600°C (i) plane~polarised light
(ii) crossed polars

(b) 700°¢ (i) plane-polarised light
(ii) crossed polars






Plate 13 Caking~coal vitrinite (carbon = 85.4% daf) carbonised
at a heating rate of 10°C/min., x 190

(a) 600°¢ (i) plane-polarised light
(ii) crossed polars
(b) 700°c (1) plane-polarised light

(ii) crossed polars






Plate 14 Caking—coal vitrinite (carbon = 85.4% daf) carbonised
at a heating rate of 60°C/min., x 190

(a) 600°C (i) plane~polarised light
(ii) crossed polars

(v) 700°% (i) plane-polarised light
~ (ii) crossed polars



(b) (ii)

(p) (1)



Plate 15 Caking=coal vitrinite (carbon = 85+4% daf) carbonised
at 800°C at a heating rate of 1°C/mine, x 185

(i) plane-polarised light

(ii) crossed polars



(ii)



Plate 16 Caking=coal vitrinite (carbon = 85,4% daf) carbonised
at 800°C at a heating rate of 10°C/mine, x 190

(i) plane~polarised light
(ii) crossed polars



(ii)



Plate 17 Caking~coal vitrinite (carbon = 85.4% daf) carbonised |
at 800°C at a heating rate of 60°C/mine, x 195

(1) plane-plarised light

(ii) crossed polars



(ii)



Plate 18

Low=rank coking=coal vitrinite (carbon = 87¢9% daf)
carbonised at a heating rate of 1°C/min., x 190

(a)4560C(i) plane~polarised light
(i1) crossed polars
(©)500%c(i) plane=polarised light

(ii) crossed polars






Plate 19

Low=rank coking=coal vitrinite (carbon = 8749% daf)
carbonised at a heating rate of 10°C/mine, x. 190

(a) 450°c (i) plane-polarised light
(ii) crossed polars

(b) 500°c (1) plane-polarised light
(ii) crossed polars






Plate 20 Low-rank coking-coal vitrinite (carbon = 87.9% daf)
carbonised at a heating rate of 60°C/min., x 190

(a) 450°C (i) plane-polarised light
(ii) crossed polars
(b) 500°c (i) plane~polarised light

(i1) crossed polars



)

(b) (ii

) (1)

(b



Plate 21

Low=rank coking—coal vitrinite (carbon = 87.9% daf)
carbonised &t a heating rate of 1oc/min., x 180

(a) 600°C (i) plane-polarised light
(ii) crossed polars
(b) 700°c (i) plane-polarised light

(ii) crossed polars






Plate 22

Low-rank coking—coal vitrinite (carbon = 87.9% daf)

carbonised at a heating rate of 1OOC/min., x 190

() 600°C (i) plane-polarised light
(ii) crossed polars
(b) 700°¢ (i) plane-polarised light

(ii) crossed polars



(b) (ii)

() (3)



Plate 23

Low-rank coking=coal vitrinite (carbon = 87.9% daf)

carbonised at a heating rate of 6OOC/min., x 200

(a) 600°C (i) plane-polarised light
(ii) crossed polars
(b) 700°¢ (i) plane-polarised light

(ii) crossed polars






Plate 24 Low-rank coking—coal vitrinite (carbon = 87.9% daf)
carbonised at 800°C at a heating rate of 1°C/min.,
x 190
(i) plane-polarised light

(ii) crossed polars



(ii)



Plate 25 Low-rank coking—coal vitrinite (carbon = 87.9% daf)
carbonised at 800°C at a heating rate of 10°C/min.,
x 190

(i) plane-polarised light

(ii) crossed polars






Plate 26 Low-rank coking=coal vitrinite (carbon = 87.9% daf)
carbonised at 800°C at a heating rate of 60°C/min.,
x 190

(i) plane-polarised light

(ii) crossed polars






Plate 27 High-rank coking=coal vitrinite (carbon = 90.0% daf)
carbonised at a heating rate of 1°C/min., x 190

(a) 45000 (i) plane-polarised light
(ii) crossed polars
(v) 500°c (i) plane-polarised light

(ii) crossed polars



(b) (ii)

(b) (1)



Plate 28

High-rank coking=coal vitrinite (carbon = 90.0% daf)
carbonised at a heating rate of 10°C/min., x 190
(a) 450°C (i) plane—polarised light
(ii) crossed polars
(b) 500°C (i) plane-polarised light

(ii) crossed polars



(a) (i)

(i1)

)

b

(

)

() (1



Plate 29

High-rank coking=coal vitrinite (carbon = 90.,0% daf)

carbonised at a heating rate of 60°C/min., x 180

(a) 450°¢ (i) plane-polarised light
(ii) crossed polars
(b) 500°¢C (i) plane-polarised light

(ii) crossed polars



(a) (i)

(b) (ii)

)

b) (i

(



Plate 30 High-rank coking—coal vitrinite (carbon = 90.,0% daf)

carbonised at a heating rate of 1°C/min., x 190

(a) 600°¢ (i) plane-polarised light
(ii) crossed polars
(v) 700°c (i) plane-polarised light

(ii) crossed polars






Plate 31

High-rank coking coal vitrinite (carbon = 90.0% daf)
carbonised at a heating rate of 10°C/mine, x190

(a) 600°¢c (i) plane-polarised light
(ii) crossed polars
(b) 700°¢ (i) plane—polarised light

(ii) crossed polars



(b) (ii)

() (1)



Plate 32

High-rank coking=coal vitrinite (carbon = 90,0% daf)
carbonised at a heating rate of 60°C/min., x 200

(a) 600°C (i) plane—polarised light
(ii) crossed polars
(v) 700° (i) plane-polarised light

(ii) crossed polars






Plate 33 High-rank coking=coal vitrinite (carbon = 90,0% daf)
carbonised at 800°C at a heating rate of 1°C/min.,
x 190

(i) plane—polarised light

(ii) crossed polars






Plate 34 High-rank coking—coal vitrinite (carbon = 90.0% daf)
carbonised at 800°C at a heating rate of 1O°C/min-1
x 190

(i) plane~polarised light
(ii) crossed polars



(i)



Plate 35 High~-rank coking—coal vitrinite (carbon = 90.0% daf)
carbonised at 800°C at a heating rate of 60°C/min.,
x 195

(i) plane~polarised light

(ii) crossed polars



(i13)



Plate 36 Low-rank, anthracitic vitrinite (carbon =

9345% dmmf) carbonised at 600°C at different
heating rates, x 200

(a) 1°C/min (1) plane-polarised light
(ii) crossed polars

(v) 10°C/min crossed polars

(¢) 60°C/min orossed polars



(p) (c)



Plate 37 Low-rank anthracitic vitrinite (carbon = 93.5% dmmf )
carbonised at 700°C at different heating rates, x 200

¥

(a) 1°C/min plane-~polarised light
(b) 10°C/min plane-polarised light
(¢) (i) 60°C/min plane-polarised light

(ii) 60°C/min crossed polars






Plate 38 Low=rank anthracitic vitrinite (carbon = 93.5% dmmf)
carbonised at 800°C at different heating rates, plane-
polarised light x 200

(a) at 1°C/min
(b) at 10°C/min
(¢) at 60°C/min






Plate 39 Low=-rank, anthracitic vitrinite (carbon =

93¢5% dmmf) carbonised at 900°C at different
heating rates, x 200

(a) at 1°C/min

(i) planem~polarised light (ii) crossed polars
(v) at 10°C/min

(1) plane=polarised light (ii) crossed polars



(a) (ii)

(b) (ii)



Plate 40 Low=rank anthracitic vitrinite (carbon = 9345% dmmf)
carbonised at 900°C at different heating rates, x 200
(a) at 10°C/min plane—polarised light
(b) at 60°C/min (i) plane—polarised light

(ii) crossed polars



(b) (ii)



Plate 41 Low-rank, anthracitic vitrinite (carbon =
93,5% dmmf) carbonised at different heating

rates, crossed polars, x 200

(a) 1°C/min at 950°C showing possible gramular
structure

(b) 10°C/min at 900°C showing possible highly
anisotropic material

(c¢) 60°C/min at 950°C showing possible highly
anisoctropic cutinite






Plate 42 High~rank anthracitic vitrinite (carbon = 94.2% dmmf)
carbonised at 600°C at different heating rates, crossed
polars x 210
(a) 1°C/min
(b) 10°C/min, note part of megaspore
(c) 60°C/min






Plate 43 High-rank, anthracitic vitrinite (carbon =
94¢2% dmmf) carbonised at 700°C at differenmt

heating rates, crossed polars x 200

(a) 1°C/min, note the rounded resinoid-type
structure

(b) 10°C/min

() 60°C/min






Plate 44 High-rank, anthracitic vitrinite (carbon =
9442% dmmf) carbonised at 800°C at a heating

rate of 60°C/min showing different microlithotype,
crossed polars x 200

(a) Vitrinite
(v) Clarite — note possible highly

anisotropic cutinite
(c) Durite






Plate 45 High-rank anthracitic vitrinite (carbon = 94.2% dmmf)

carbonised at different heating rates, crossed polars

x 210
(a) 1°C/min at 800°C
(b) 10°C/min at 800°C showing cutinite
(¢) 1°C/min at 850°C showing megaspore
(o]

() 10°¢/min at 900°C showing granilar structure






Plate 46 High-rark anthracitic vitrinite (carbon = 94.2% dmmf)
carbonised at 900°C at different heating rates, crossed
polars x 200

(a) 1°¢/min
(b) 10°C/min = note strong granular anisotropy
(¢) 60°C/min






Plate 47 Development of spherical bodies (mesophasel) in low-rank
coking—coal vitrinite (carbon = 87.9% daf) x 220

(a) 450°C plane~polarised light
(b) 500%¢ (i) plane-polarised light

(ii) crossed polars






Plate 48 Development of spherical bodies in high-rank,
coking coal vitrinite (carbon = 90.0% daf)
carbonised at 500°C at a heating rate of
10°C/min x 200

(a) spherical body in centre of photograph
showing extinction
(1) crossed polars (ii) 45°C position
(b) spherical body in cemtre of photograph
showing extinction cross,

(i) crossed polars (ii) 45°C position



() (i)

() (1)



Plate 49 Development of spherical bodies in high~rank coking—coal
vitrinite (carbon = 9040% daf) carbonised at 500°C at a
heating rate of 10°C/hin, x 200

(a) spherical body showing 'poles'; note the attachment
of smaller spherical bodies to the larger spherical
bodies, plane—polarised light.

(b) spherical bodies showing fine—grained :osaic structure
and distorted cellular structure; note the attachment

of smaller spherical bodies to the larger spherical
bodies, crossed polars



(b)



Plate 50 Development of nucleated domains in caking=coal vitrinite
(carbon = 85.4% daf) carbonised at a heating rate of
60°C/min x 540

(a) 600°C, crossed polars
(b) 650°C (i) plane-polarised light

(ii) crossed polars



(b) (ii)



Plate 51 Development of nucleated domains in the carbonised
residues of low=rank, coking=coal vitrinite (carbon
= 87.9% daf) x 480

(a) 550°C at a heating rate of 60°C/min showing
! 'node! type extinction

(i) plane~polarised light (ii) crossed polars

(v) 600°C at a heating rate of 10°C/min, crossed polars
(c¢) 600°C at a heating rate of 60°C/min showing a

helical arrangement, plane-polarised light



(b) (e)



Plate 52 Development of nucleated domains in a high=rank coking=-coal

vitrinite (carbon = 90.0% daf) carbonised at a heating rate
of 60°C/min, crossed polars, x 210

(a) 55000 showing large anisotropic domains and long fibrous
structure
(b) 600°C showing the development of long and parallel fibrous

structure
(c¢) 650°C showing a long fibrous structure






Plate 53 Development of nucleated domains in high-rank coking-—coal

vitrinite carbonised at a heating rate of 60°C/min, crossed
polars, x 540

(a) 550°C showing a 'Y' type node structure
(b) 575°C showing a large anisotropic domain

(¢) 650°C showing '0! type node structure






Plate 54 Development of nucleated domains in high=rank coking—coal
vitrinite carbonised at a heating rate of 60°C/min, crossed
polars, x 540

(a) 800°C showing a 'U' type node structure

(b) 900°C showing large anisotropic domains



(o)



Plate 55 Cellwstructure in residues of high-rank, coking coal
vitrinite (carbon = 90.0% daf), carbonised at a
heating rate of 1°C/min. Note the almost

unchanged cell—structures under crossed polars,

x190
(a) 500°%
(b) 600°%
(¢) 700%

(a) 800°%



(c) (a)



Plate 56 Cell=structure in residues of high-rank, coking coal
vitrinite (carbon = 90e0% daf), carbonised at a heating
rate of 10°C/mine Note the deformation of original

cell=-structures, crossed polars, x210

(a) 500°C
(b) 600°%
(¢) 700°%

(a) 800°%



(c)



Plate 57

Cell=structure in residues of high-—rank, coking coal
vitrinite (carbon = 90.0% daf), carbonised at a heating
rate of 60°C/min. Note the almost complete distortionm

of cell=structures, crossed polars, x190

(a) 450%
(b) 500°¢
(c) 550°%

(@) 600°%
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Plate 58 Cell~structure in residues of high-rank, coking coal
vitrinite (carbon = 9040% daf), carbonised at a heating

rate of 60°C/min, crossed polars, x190
) ’

(a) 300°C, showing almost unchanged cell-structure
(b) goo°c, showing almost completely distorted cell-

structures






APPENDIX II  TE EFFECT OF DIFFERENT HEATING PRRIODS

BELOW DECOMPOSITION TEMPERL ON THE

OPTICAL , PROPERTIES OF VITRINITES,




(a)  Low= bituminous vitrinite (carbon 77.0% d

(1) Fresh (Plate §2a28 dark grey, structureless vitrinite

with sporinite, but some inertinite and/or granular micrinite
contaminationj oocasional vitrinite particles exhibit cell

structure; isotropioc.

O

(1) 150¢
Ae 1-16 weeks (Plates 61a and b)3 dark grey to grey, angular

~ particles with residues becoming brighter with increase in holding
timej development of ocoasional oracking in particles, exinite
still present; some particles exhibit cellular structure; the
residues become slightly swollen with progressive increase in
holding time; with some particles after 16 weeks holding time
developing narrow rims of slightly higher reflectivity than the
central zone ( oxidation rims ?); sporinite present in the rim keeps

its original dark colour: isotropics

B. 32 weeks (Platg 61c)sy grey, angular, slightly cracked,

microspores disappearing; cell structure visible in some particles;

some partioles exhibit slightly higher reflecting rimss isotropice

(111) 350°¢
A, ~16 g 8 62z and b): grey to greyish-white,

angular, development of vesicles of about 2.5 to 10 um diametorj

sporinite loses original dark brownish grey, becoming light
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brownish grey end finally diseppsuring with progressive increasc

in holding timet isotropice

B. 32 wocks (Plate 62c)t greyish white, angular to subansular

with development of long lenticular-shaped vacuoles, up to 10 un
diameter in some particles, due to devolatilisation of sporinite;

disappearance of sporinites isotropice

(b)  Lowerank bituminous vitrinite (oarbon = 82,3% daf)

(i) Fresh gPlagg §1b23 dark grey, mostly structureless collinite

with some sporinite and inertinite ocontamination; some particles

exhibit mottled oppenrancet isotropice

(11) 150%

A, 1=16 weeks (Plates 63a and b)s grey, angular, slightly

oracked; sporinite is still present; ocell structurs visibles

isotropice

B. 32 wogks (Plate 63c): light grey, angular, slightly

craoked but no vesioles present; oell structure very distinct;
sporinite becomes brighter; some vitrinite particles develop

slightly brighter and wide rimss isotropice

(111) 350°
A. {=16 we Plates 64a and b)s grey to greyish white,

engular, homogeneousj development of 2¢5 to 15 um diameter

vesiocles; sporinite becomes brighter with progressive inorecsse
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in holding time ond partially disappears ot sbout 16 wecks$

isotropice

B. 32 _Weoks (Plate 640)s 1light grey, homogeneous; vitrinite

particles become slightly subangular, development of vesicles of

2,5 to 204vm dicmetor; sporinite ocompletoly disappecreds isotropice

(o)  GCaking coel vitrinite (carbon = 85,4% daf)

(i) sh (Plate 590)t medium to light grey, uniform, structure=-
less vitrinite, with particles occasionally contaminated by sporinite,
end angular particles of inertinite and pyrite globules; no cellular

structure visibles wvery weaskly anisoiropioc.
(11) 150°%

Ae 1-16 weeks ‘Platea 65a and b)s grey to light greys ongular;

particles occasionally developing up 10 2¢5um diameter vesicles;
small particles cracked, whereoas larger particles remain unchanged,
but with increase of holding time even larger particles become
oracked; at 16 wecks holding time, rims of higher refloctivity
are developed on peripheries of particles (oxidation rim?); coll-
gtructure visible in some particlesj sporinite becomes brighter

with longth of holding time: weakly anisotropice

Be 32 wocks (Plats 65c)s greyish white, angular, development

of vesicles of up to 25 ym diameter; not many fractures; gporinito

booomes even brighters weakly anisotropice



(111) 350°%

Ae 1=16_weeks (Plates 66a and b)s grey to greyish white,

slightly subengular; development of vesicles of up to 25 wun
diameter, the sizo and amount of vesicles inoreasing with length
of holding timej complete disappearonce of sporinite and long
but small oval shaped vacuoles developed duc to devolatilisation

of sporinites weakly anisotropice

Be 32 woeks (Plato 66c)s groyish white, engular to rounded
particles; the rounded particles develop large central vacuoles

of up to 50 wn diameter; slight increase in intunaity of

enisotropye

(a) Lowwrank, coking coal vitrinite (carbon = 87,9% daf)

(1) Fresh (Plnte 59d)s 1light-grey, homogeneous but some

microspores ad/or fragments of mertinite; mno celluler structure

present under crossed polarsj slightly anisotropice
(11) 150°%
A. 1-16_weglks (Plates 67a snd b)s light grey, angular particles;

development of vesicles of up to 5un diameter, particularly at
naceral bouwndaries; particles fractured; sporinite loses original
brownish grey colour and is pertially devolatilised, devcloping

lentioular vacuoless anisotropics

Be 32 weoks ‘Plate §Z°2‘ greyish, white, angulars few

vacuoles present with only slight fraocturing; further brightening
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of and diseppearance of sporinites anisotropice

(i11) 350°¢
be 1-16 wooks (Pletos 68z and b)s greyish white, angular,

homogeneous; occusional devclopuoent of fractures, small vesicles
of about 245 um diameter after 4 woeks holding time; disoppoarance

of sporinites anisotropice

B, 32 Wegks {(Plate 6802: groyish white to white, angulor;

completely rounded particles; vesicles of zbout 5 um dianctor are
common; banding visible under crosscd polars; dovelopnent of

partial finewgrainod mosaic textures anisotropics

(e)  High—ronk coking coal vitrinito (carbon = 90,0% dof)

(1) Fresh (Plato 60a)s pclo-gray, homogeneous, but some perticles

contaminated by sporinito and inertinite; no cellular structure

visible, even under crossed polarsd weakly anisotropics

(11) 150°%

A 1-16 woeks (Plates 69= and b)s greyish white, cngular,

frecturod, with occasional vesicles of about 245 um diamctor; spore

inite develops similar roflectivity to that of surrounding vitrinite

end disappears with progressive increase in holding times anisotropice

Be 32 wocks (Plato 69c)s greyish white, angular, slightly

fractured, with occasional vesicles of up to Sum dimmetor; dis-

appoaranoe of sporinitos anisotropice



1%

(111) 350°%c

Ao 116 weeks (Plates J0a and b)s groyish white, anguler,

homogeneous; occasional development of fractures, small vesicles
of 205 un diemeter after four weeks? holding time, but development
of larger vesicles of about 50 um affer 16 weeks; BoOmo particles
develop narrow rims of slightly higher reflectivity (oxidation

rim?); diseppecrence of sporinites anisotropice

B,e 22 _weoks SPlate :20028 greyish white to white, angular,

completely rounded particles, vesiclos of about 5 wm diameter commonj
banding visible under crossed polorsi dovelopment of partial fince

grained mosaic textures enisotropice
(£) ~ronk enthracitic vitrinito (carbon = 94,2 dmmf

(1)  Eresh (Plotof0Oh)t  greyish white, uniform, structurcless;
stroaks or angulor fragments of inertinite; banding visible under

crossed polarss strongly eanisotropioce

(11) 150%

1=32 weeks (Plates Ila and b}s greyish white, angulor,
no morphological changes apparent with seamples essentially similar

to frosh anthimcites strongly anisotropice

(111) 330%

132 wecks (Plates J2a b)s greyish white, angular

development of system of frocturing in particlesj banding visibles

strongly anisotropioce



- Plate 59 Fresh vitrinite, plane-polarised light, x 190

(a) sub~bituminous (carbon = 77¢0% daf)

(b) low=rank bituminous (carbon = 8243% daf)
(c) caking coal (carbon = 85.4% daf)

(d) low-rank coking coal (carbon = 87.,9% daf)



(a)

(c)



Fig 60 Fresh vitrinite, x185
{

(a) high-rank, coking coal (carbon = 9040% daf),
plane~polarised light

(b) anthracitic (carbon = 94+2% dmmf),

(i) plane=polarised light

(ii) crossed polars



(b) (i)

(b) (ii)



Plate 61 Sub=bituminous vitrinite (carbon = 77.0% daf)
heated at 150°C, plane-polarised light, x 190

(a) 1 week
(b) 16 weeks
(¢) (i) & (ii) 32 weeks






Plate 62 Subw=bituminous vitrinite (carbon = 770% daf)
heated at 350°C, plane-polarised light, x 180

(a) 1 week
(®) 16 weeks
(c) 32 weeks






Plate 63 Low-rank bituminous vitrinite (carbon =82.3% daf)
heated at 150°C, plane~polarised light, x 190

(a) 1 week
(b) 16 weeks
(¢) (1) & (ii) 32 .weeks






Plate 64 Low=rark bituminous vitrinite {carbon = 82¢3% daf)
heated at 350°C, plane-polarised light, x 180

(a) 1 week
(v) 16 weeks
(c) 32 weeks






Plate 65 Caking coal vitrinite (carbon = 85.4% daf) heated
at 150°C, plane-polarised light, x 180

(a) 1 week
(b) 16 weeks
(¢) 32 weeks






Plate 66 Caking coal vitrinite (carbon = 85.4% daf) heated
at 350°C, plane-polarised lightx x 180

(a) 1 week
(b) 16 weeks
(e¢) 32 weeks



(b)




Plate 67 Lowerank,coking coal vitrinite (carbon = 87¢9% daf)
heated at 150°C, plane-polarised light, x 180

(a) 1 week
(b) 16 weeks
(¢) 32 weeks






Plate 68 Low-rank, coking coal vitrinite (carbon = 87¢9% daf)
heated at 350°C, x 185

(a) 1 week, poane~polarised light
(b) 16 weeks, plane-polarised light
(c) 32 weeks,

(i) plane-polarised light

(ii) orossed polars



(c) (i)

(c) (1)



Plate 69 High-rank, coking coal vitrinite (carbon = 90.0% daf)
heated at 150°C, plane=polarised light, x 190

(a) 1 week
(b) 16 weeks
(c) 32 weeks






Plate 70 Highwrank coking coal vitrimite (carbon = 90+0% daf)
heated at 350°C, x 185

(a) 1 week, plane~polarised 1light
(b) 16 weeks, plane-polarised light
(c) 32 weeks

(i) plane=polarised light

(ii) crossed polars






Plate 71 Anthracitic vitrinite (carbon = 94.2% dmmf) heated

at 150%¢, x 190

(a) 1 week (i) plame~polarised light (ii) crossed polars
(a) 32 weeks(i) plane-polarised light (ii) crossed polars






Plate 72 Anthracitic vitrinite (carbon = 94¢2% dmmf),
heated at 35000, x190

(a) 1 week (i) plane~polarised light
(ii) crossed polars
(b) 32 weeks (i) plane~polarised light

(ii) crossed polars






APPENDIX IXTI OPTICAL PROPERTIES OF CARBONISED SPO
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(a)
(i)  Fresh (Plate 73a)g dark brown, large sporinite particles

of ca 30um diamstér with reddish-brown colour; some particles are

contaminated by inertinite and/or vitrinites isotropic.

o]
(i1) 200¢. similar to fresh sporinite but slight

increase in reflectance,

L0
(111) 200¢ (Plate 73b)g coherent, vesiculated, cracked; sporinite

melts and develops a greyish brown residues isotropic,

(1v)  450°C (Flate 73c): yellowish white, coherent, vesiculated

with development of very fine-grained mosaic textures anisotropic

) 0
(v) 475 =5315.C (Plats 743)s white, creamy white, coherent,

vesioculated; fine-grained mosaic textures anisotropic,

. ) )
(vi) 600 =700 ¢ (Plates 74b and 7%a)s creamy white, coherent,

vesiculated; cracked residue showing fine-grained mosaics anisotropic,

0 (o]
(vit) 750.-9350C (Plates 75b ond 76)s creamy white to yellowish

white, coherent, vesiculated, cracked; residue shows fine-grained

mosaio texture; mosaic units exhibit common orientations anisotropic

(1) Fregh (Plate 77a)s brownish grey, sporinite particles contam-

inated by inertinite and/or vitrinites isotropic,

(i1) 49929_(21&1&_11hl; 1ight brown, softened, coherent; oracked

and vesiculated residues inertinite ocontamination shows yellowlsh-

white colours isotropice
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(111) 45000 ‘gla,te 11c)s white, ccherent with development of

large vacuoles; fine to mediumegrained mosaic textures anisotropice

(iv) 4[50:52200 (Plate 78a)s white, oohorent, with developmont

of large vacuolos of about 100umj fine to medium=grained noscie
toxturcs and occasional coarse-greincd mosaic at peripherics of

vacuoless anisotropice

(v)  600°=700%¢ (Plotos 78b end T9a)8 yollowish—white to croamy,

cohorent, with dovelopment of veocuoles of varied sizes; the
muber of small vacuoles of ca 5um: diameter incresses; at oo
67506 the sample is riddled with such vacuoles; mainly fine to
nediunm=grained mosaic texture, but coorso=grained moseio also

presente

(vi) 750°=950°¢ (Plates 79b and 80c end b)s creamy-whito,

coherent, showing strong pleochroism and development of large
vacuoles; ealso snmell vacuoles of co 245un Jiameter; fine to
medium~grained mosaic, but amount of coarse-grained mosaic at
periphories of vacucles increases; ocoarse=grained mosaic disploys

flow=type pattern; mosaic units show common orientation.



Plate 73 Fresh and carbonised residues of sporinite from
low=rank bituminous coal (sporinite & carbon =
8340% daf), x 195

(a) fresh sporinite, plane-polarised light
(b) 400°C, plane~polarised light
(c) 450°C, (i) plane=polarised light

(ii) crossed polars



(c) (i) (c¢) (ii)



Plate 74 Sporinite from low-rank bituminous coal (sporinitél
carbon = 83,0% daf) carbonised at x1)5

(a) 500°%¢ (i) plane—polarised light
(i1) crossed polars
(b) 600°%¢ (i) plane-polarised light

(i1) crossed polars



(b) (i) (b) (ii)



Plate 75 Sporinite from low=rank bituminous coal (sporin_j.te:
carbon = 83+0% daf) carbonised at x195

(a) 700°c (i) plane-polarised light
(ii) crossed polars
(v) 800°c (i) plane-polarised light

(ii) crossed polars






Plate 76 Sporinite from low-rank bituminous coal (sporinite:
carbon = 83,0% daf), carbonised at 900°C, x 190

(1) plane—polarised light

(ii) crossed polars



(id



Plate 77 Fresh and carbonised residues of sporinite from
medium~ravk, bituminous coal (sporinite: carbon
= 87+1% daf), carbonised at x195

a) fresh, plane~polarised light

? &
(b) 400°C, plane-polarised light
(c) 450°C (i) plame—polarised light

(ii) crossed polars



(ii)

(c)



Plate 78 Medium-rank sporinite (carbon = 87.1% daf) carbonised
at x580

(a) 500°C (i) plane-polarised light (ii) crossed polars
(b) 600°C (i) plane-polarised light (ii) crossed polars
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Plate 79 Sporinite from medium~rank coal (sporinites carbon
= 87+1% daf) carbonised at x580

(a) 700°C, crossed polars
(v) 750°C, crossed polars
(c) 800°%, (i) plane~polarised light

(ii) crossed polars






Plate 80 Sporinite from medium~rank coal (sporinite: carbon

= 87+1% daf) carbonised at x560

(a) 850°C, crossed polars
(v) 900°C, crossed polars






APPENDIX IV, OF PROPERTIES OF MI
RANCy
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(a)  Lowerenk blend (vitrinitos corbon = 79,6% daf)

(1)  Frech Vitrinite (Platc 81c): dark groy mninly structurcless
colinite, but some particles exhibit cell structurcs isotropice

(11) 300°C s non~ochorent, residucsj individual particles
of sporinito and/or vitrinite essentially similar to fresh

maceral_s, except becoming slightly brightors isotropice

(111) 40000 (Plato 81b)s ocoherent, vesiculated, cracked

residue; vitrinite particles (light-groy) cemented to one
enother by softensd sporinite residuej vitrinite dovelops
vesicles of ca 5.'m diameter; softened sporinite forms greyish
40 brown homogeneous pitch in somo croase but commonly sporinito
hoavily contaminated by inertinite; inertinite shows higher
roflectivity; vitrinite particles retain original ~ngular shopey

only bocoming slightly subangularg both macerals isotropice

(iv) 4§O°C (Plate 81c)8 coherent, vesiculated; the vitrinito

keeps origincl angular identity, developing vesicles frequently
up to 15 um dlameter; isotropic light groy vitrinites cemented
to one another by anisotropio, yellowish white sporimite; large
irregular vacuoles devalop from sporinitec, the irregularity duc
4o the position of vitrinite particles in the mixturc; sporinite

dovelops fineegrained mosaic structurece

(v) 500°=575°C (Plate 82a)3 ocoherent sporinite (yellowish

white) shows gramlar structure, whereas vitrinite (whitish—groy)
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displays a homogeneous surface, developing vesicles of up to
15un diameters large irregular veacuoles develop in sporinitej
sporinite residues are finewgrained and anisotropic, whereas
vitrinite particles retain their originnl angular shape and are
isotropio; differentiation between the two residues becomes
increasingly difficult under polarised light with rise of

teumperatures

(iv) 600°-700°C (Plates 82b and ¢y 83a)s oreamy white,

coherent vesiculated isotropic particles develop small vacuoles
up to 5 um diameter; vitrinite still retains original engular

shape with particles cemented to one another by gramular sporinites

(vii)  150°=950°C (Plates 83b and 84)3 ooherent vesiculated

vitrinite (creamy-white) still shows original engular shape and/
or becomes slightly subangular; ococasional development of veocuoles
of up to 5Un diameter, whereas sporinite residue (yellowish=white)

shows ganmular mosaici vitrinite only slightly anisotropice

(v) Madiun~rark blend (vitrinites carbon = 86,6% daf)

(1)

vitrinitej} no cellular structure visible$ weakly anisotropice

1ight .gray,uniforn, structureless

(ii) gOOOC (Plate 85b)s softened, coherent, vesiculated and
oracked residue, with vitrinite (light grey) and sporinite (dark
gréy) softened; sporinite forms isotropic pitch vhich cements
vitrinite particles togetherj development of vacuoles in sporinitej

neither vitrinite nor sporinite develop granular mosaic structure!

isotropiocs



(1i11) 450°C (Plate 85c)s ooherent, vesiculated residusj both

vitrinite and sporinite develop granular mosaic texture; sporinite
shows fine to medium=grained mosaic texture, vitrinite only a very
fine=grained mosaic and even some particles isotropic; some iso=
tropic vitrinite interaots with sporinite and develops & fine=
grained mosalc at peripheries of particles; sizs of granular

nosaic units decreases from sporinite towards vitrinite.

(iv) 5QQ°—§Z§°C (Plate 862)8 ocoherent residue with vacuoles

up to 80 un diameter; vitrinite develops white to crsamy
homogeneous appearancej 8till partially isotropioc, whereas
sporinite (yellowish~white to oreamy-white) develops fine to
modiun=grained moseic wnd is anisotropics small particles of

vitrinite develop fine granular mosaic and are anisotropic.

(v) 600°=700°¢C (Plates 86b and o)t ocoherent vesiculated residues

interaction betwsen sporinite and vitrinite increases, but isotropic
vitrinite still present; some vitrinite particles lose original
angular shape and are completely converted to fine gramlar mosaio
to produce a homogeneous residue with surrounding sporinite; degree
of enisotropy of vitrinite residue is less than that of sporinite;
some vitrinite shows strong anisoctropy at vacuole peripheries;
interaction between sporinite and vitrinite becomes greater with

increase of temperature.

(vi) 750°=950°C (Plates 87 to 89)8 ocoherent vesicles up to
20 um diameter; vitrinite (creamy=yellow to croamy-white) meinly

develops small vacuoles of up to 5 um diameter, but occasioneal
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vitrinite particles keep their originel identity, remaining
partially isotropio, although majority of particles are

granular end develop strong anisotropy; intensity of anisotropy
and sige of granﬁlar mosaic decreases from sporinite towards
vitrinite; interaction between vitrinite and sporinite increases
with temperature and the number of vitrinite particles showing
granﬁlar anisotropy increases rapidly at about 850°C with the
anisotropy of vitrinite approashing that of sporinite; the
intensity of anisotropy of some vitrinite particles incrvases
without developing mosaic texture, but the majority of vitrinite

perticles develop granular mosaic and high anisotropye



Plate 81 Fresh vitrinite and mixture of sporinite and
vitrinite from low=rank bituminous coal
(vitrinites carbon = 79.6% daf), carbonised
at x195

(a) fresh vitrinite, plane~polarised light
(b) 400°C, planempolarised light
(c) 450°C, (i) plane-polarised light

(ii) crossed polars



(c) (1) (c) (ii)



Plate 82 Mixture of sporinite and vitrinite from low=rank
bituminous coal (vitrinite: carbon = 79+6% daf)

carbonised at x195

(a) 500°% (i) plane-polarised light
(ii) crossed polars
(b) 600°C (i) plane=~polarised light

(ii) crossed polars






Plate 83 Mixture of sporinite and vitrinite from low=~rank
bituminous coal (vitrinite: carbon = T9+6% daf),

carbonised at x195

(a) 700°C (1) plane=polarised light
(i1) crossed polars
(v) 800°C (i) plame~polarised light

(ii) crossed polars






Plate 84 Mixture of sporinite and vitrinite from low=rank
bituminous coal (vitrinite: carbon = 79.6% daf),
carbonised at 900°€¢, x195

(1) plane-polarised light

(ii) crossed polars






Plate 85

Presh vitrinite and mixture of sporinite and
vitrinite from medium—rank bituminous coal

(vitrinite: carbon = 86.6% daf), x19%

(a) fresh vitrinite, plane-~polarised light
(b) 400°C, plane~polarised light
(c) 450°C, (i) plane-polarised light

(ii) crossed polars



(e) (1) (c) (ii)



Plate 86 Mixture of sporinite and vitrinite from medium=
rank bituminous coal (vitrinite: carbon = 86.6%

daf), carbonised at x530

(a) 500°C, crossed polars
(b) 600°C, crossed polars
(¢) 700°C, (i) plane~polarised light

(ii) crossed polars



(c) (1) (c) (ii)



Plate 87 Mixture of spepinite and vitrinite from medium—
rank bituminous coal (vitrinite: carbon = 8646%
daf), carbonised at x570

(a) 750°C (i) plane~polarised light
(ii) crossed polars
(b) 800° (i) plane-polarised light

(ii) crossed polars



(b) (i) (b) (ii)



Plate 88

Mixture of sporinite and vitrinite from mediume
rank bituminous coal (vitrinite: carbon = 86.6%
daf), carbonised at
(a) 850°C (i) plane-polarised light, x200

(ii) crossed polars, x200

() 900°C crossed polars, x540



(b)



Plate 89 Mixture of sporinite and vitrinite from medium=
rank bituminous coal (vitrinite: carbon = 86.6%
daf), carbonised at 950°C, x220

(i) plane~polarised light

(ii) crossed polars






APPENDIX Vo OR PROPERTLES OF VITRINITES CARBONISED
AT PRES 0 GE OF

JEPEREATURES o
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(a)  Low-grossvre runs

(1) 3000 psi (Pl:tes 91 and 92)3 vitrinite - beoomes isotropio

at coe 400°C; vitrinite anisotropy inoreases only slightly to

o lower level then that for fresh vitrinite up to 5"’3003 reflectivity
genorally rises also, but vitrinite remeins essentially structurc—
less} between 500° and 550°C the viirinite enters the softening

. phase, producing mosaic which increases in size to become cocrsc=
grained to flow=type &t 600°C; devolstilisction, evidenced by

vacuoles, occurs betweon 550° and 600°C.

(i1) 000 psi (Plotes and ¢ sanplos only romuin wlmost
igotropic up to 45000, the reflectivity rising; Jdeocomposition

occurs between 450° cnd 500°C with & uoscic developing ; by

500°C devolatilisction has occurred anc tho mosaic structure graduclly

becones coerse=grained up to 600°¢,

(b)  Runs starting at 23000 psi (hizh pressure) (Plates 95 to 97)

original vitrinite structure and its anpular idontity maintained up

$0 400°C with slight rise in reflectivity (Plate 95a), but devolate
jlisction already cocurring (see numorous small vacuoles) and the
vitrinite almost isotropic at 400°C; ot 450°C devolatilisation is
pore Bevere and a fine-grained mosaic developsi this mosaic does
not inorease much in size up to 600°C end is muoh smaller than in

either of the low=pressure runs at eny particular temporaturoc,



(o) s starting at 3000 psi with risinz pressure (intormedint

pressure)(Plates 98 to 100)s vitrinite isotropic at cae 350°C
(14500 psi),becoming only slightly enisotropic at 400°C (18000psi);

et 400°C heavy devolatilisation (see vaouoles), but vitrinite not
otherwise affectedj by 450°C (22000 psi) mesophase develops,
partielly transformed to mosaic wnits (Plates 98b,99a) mosaic then
increeses a little in size to become fine to mediume;rainod; with
tenperature rises some orientation in mosaic which is greator than
in runs either at higher or lower pressures; mosaio, however, is

coarser at any particular temperature thon in high Prossure runs,

(d)  Corbonisation at ctmospheric pressures (Plates 101 to 102

the carbonised .residues, after becoming isotropic, indicative of
plasticity, partially develop a fine=grained mosaioc at 450°C and
a fine to mediun=grained mosaic between 500°c and 6oo°C, the

orientation of mosaic units becoming more regular with rising of

tonperature.



Plate 91 Coking coal vitrinite (carbon = 87.9% daf),
carbonised in a tbomb! under pressure of 3000 psi,

plane~polarised light, x200

(a) 350%
(v) 400°%
(e) 450°%
(a) 500°%






Plate 92  Coking coal vitrinite (carbon = 87.9% daf),
carbonised in a tbomb! under pressure of 3000

psi, x205

(a) 550°¢ (i) plane-~polarised light
(ii) crossed polars
(b) 600°C (i) plane=polarised light

(ii) crossed polars






Plate 93 Coking coal vitrinite (carbon = 87.9% daf),
carbonised in a 'bomb' under pressure of 5000
pSi ? x200

(a) 400°C, plane~polarised light

(v) 45000, plane-polarised light

(c) 500°C, (i) plane-polarised light
(ii) crossed polars



(e) (41)

A
-

(e) (i3



Plate 94 Coking coal vitrinite (carbon = 87.9% daf),
carbonised in a 'bombt! under pressure of 5000

psi, x200

(a) 550°G (i) plane~polarised light
(ii) crossed polars
(b) 600°C (i) planempolarised light

(ii) crossed polars



(a) (ii)

(a) (1)

(b) (ii)

(p) (1)



Plate 95

Coking coal vitrinite (carbon = 87.9% daf),
carbonised in a 'bomb? under high pressure,
x200

(a) 400°C (42000psi), plane~polarised light
(b) 450°C (43500psi), (i) plane~polarised light
(ii) crossed polars






Plate 96 Coking coal vitrinite (carbon = 87.9% daf),
carbonised in a tbomb! under high pressure,
x190

(a) 500°C (44200psi) (i) plane~polarised 1ight
(ii) crossed polars

(b) 550°C (45000psi) (i) plane=polarised light
(ii) crossed polars






Plate 97 Coking coal vitrinite (carbon = 8749% daf),
carbonised at 600°C in a Thomb! under high
pressures (45000 psi), x220

(i) plane=-polarised light

(ii) crossed polars



(ii)



Plate 98 Coking coal vitrinite (carbon = 8749% daf),
carbonised in a Ybomb! under intermediate

pressures

a) 400°C (18000psi) plane~polarised light, x205
?
(v) 450°C (22000psi) (i) planempolarised light, x524

(ii) crossed polars, x524



(v) (11)



Plate 99

Coking coal vitrinite (carbon = 87.9% daf),
carbonised in a 'bomb! under intermediate

pressure x200

(a) 450°C (22000psi) (i) plane=polarised light
(ii) crossed polars
(b) 500°C (24500psi) (i) plane~polarised light

(ii) crossed polars



(a) (1) (a) (i)




Plate 100 Coking coal vitrinite (carbon = 87.9%daf) carbonised

in a tbomb? under intermediate pressure, x200

(a) 550°C (27500psi) (i) plane-polarised light
(ii) crossed polars
(b) 600°C (30000psi) (i) plane=polarised light

(ii) crossed polars



(a) (ii)

(a) (1)




Plate 101 Coking coal vitrinite (carbon = 87.9% daf) carbonised
at atmospheric pressure, x185

(a) 450°C (i) plane-polerised light
(ii) crossed polars
(b) 500°C (i) plane~pclarised light

(ii) crossed polars



(b) (i)



Plate 102 Coking coal vitrinite (carbon = 87.9% daf) carbonised

at atmospheric pressure, x190

(a) 550°C (i) plane~polarised light
(ii) crossed polars

(v) 600°% (i) plane-polarised light
(ii) crossed polars



(b) (1) (b) (ii)



APPENDIX VIe AL PROPERTIES OF VITRINITES TREATED
AL HIGH TRVFERATURES,

1¢ OPTICAL MICROSCOPY
2¢ 8 ) CROSCO
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e OPTICAL MICROSCOPY .

(A)  Low-renk bituminous vitrinite (carbon = 80,0% daf)

(1) Fresh (Plate 103a)s dark groy, mostly structureless

oollinite, but with some porticles exhibiting cellular structurc}
a little sporinite ond also somo strezks of semifus’aito are

presents isotropice

(11) JQQQO - 15}0000 (Plato 104)$8 croamy yellow to creaqy

white, vesiculated; wvacuoles up to 70wn diameter, subangular,
rounde and anisotropio residucsj devolopmont of highly-reflecting
isotropio material with high reliof at about 1100°C, tho auount
increasing with risc of temperature to ca 1250°c, when the
perticles are covered by a 'sholl’ of this material (Plate

105a); aomount of material deoreeses with furthor rise of
tomperature, until ot 1400°C the sample complctely freos

enisotropice

(iii) Jj_qgo = 2000°C (Plate 106)$ croany, homogenous,

vesiculated, subangular, rounded rosiduesj disappoaranco of
highly=reflecting isotropic substance; anisotropic with

intensity of anisotropy increasing with rise of temperaturce

(iv) ggOOOC (Plate 107)s creamy, homogenous, vesioulated, sub-

rounded residue; some particles show strong basic

anisotropy without development of vesiculations highly anisotropics
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(B)  Coking ooal vitrinito (carbon = 87,9% daf)

(1)  Fresh (Ploto 103b)s 1light grey, homogencous but somo
oicrospore a.nd/or fragnents of inertinitej no cellular structure

present under crossod polarss slightly anisotropice

(i)  1000%21400%C (Plotos 108 and 109)8  orcanmy *Mito,

vesioculated, cracked rosiducs; fino-greinod, flow=type moscic
texture; granuloar moscic dovelops highly regular orientation
wij:h development of highor level of anisotropy at boundarics
of particles; anisotropic with intensity of anisotropy

docroasing with riso of temporaturce

(i11) ° o 2000°C (Plate 110)$ oroomy yellow to yollow,

vesioculatod, cracked residuosj mainly fine-grained nosaicj
gramuler nosaic develops common oricontotion and intensity of
cnisotropy decroaseos with rising tampercaturcj surfaces of

residuos not homogenousy appearing rough after polishings

(iv) 2400°c (Plato 111)8 yollow, vesiculated, cracked

residuesj residues display o thurntt! eppearance; granular
nosaic units are apparently shrunk, resulting in a hoterogencous

surfaces anisotropice

©) Anthracitic vitrinite (carbon = 94¢2% dmnf)

(1)  Prosh (Pleto 103c)s groyich whito, uniforn, structurcless,

streaks of enguler froguonts of inertinito, banding visiblo under

crossed polarss strongly aizisotropic.



(11)  1000° = 1200°¢ (Platos 112 to 114)8 creany o croany

vwhite, subangular, slishtly vesioculateld; vaocuoles mp to 5.mn
diecnmetor; mumber of small vacucles up 10 245 um diameter
incroases with rise of temperature to 125000 then falls slightly
with rise of temperature; particles develop porforated cdges
(Plate 113) at cae 1300° = 1400°C (Plato112); at 1100°C somo
porticlos dovelop small patches of highly-roflecting, highe
roliof isotropic material; amount of isotropic substance
increases with rise of temporaturc end ot 1200°C the particles
aro covored with this substance, rosulting: in an uncven surfaco
(sco also Plate 113); thon amount of isotropic matorial
docroases with further rise in temperaturej banding visible
under orossed polarsj enisitropio with anisotropy increasing

with rise of temperaturcs

(111) 1500° = 2000°¢ (Platos 115z and b)s crocmy-white,

homogenous, subongulary crocked, nonevesiculatod, but occasionally

doveloping vacuoles of up to 2e5 ~un diameter; disappearance of
isotropic material; Dbanding visible undor crossed polars;

enisotropic; anisotropy inercases with riso of temperaturce

(iv) 240Q°c (Plato {15¢)s oreany, subangular, non—vesiouler,

only slightly crackeds strongly anisctropioc,

28



29

2. STEREOSCAN MICROSCOPY

(&)  Low-renk bituminous vitrinite (cerbon = 80.0p daf)

(i) Unpolished sarplos (Plato 118:)s non~cohorent structure

up to 2400°C,

(11) Polished samplos (Plates 116 to 118)¢

()  1000° = 1400%¢ (Pleto 116)s polishod surfaces at

1100°C show two types of arca, one snoothy ono uneven with reliefes

(%) 1500° ~ 2000°¢ (Plates 117)8 two types of area on

surfaces have disappearcd; botryoidal structure is evident in

cavities of particles (Plate 117b)e

() ggOOOC (Plato 118b)s homogonous surface; botryoidal

structure in cavities not visibles

(B) Cokding cond vitrinite (corbon = 8797 daf)

(1)  Unpolishod semplos (Plates 11 d 120)s cohorant
vesiculated structuro up to 24oo°c; no botryoidal structure

visiblee

(i1) Polished samples (Plates 121 to 123)s

Ga) 1000° m 149000 (Plate 121)3 vesiculatod, esmooth,

honogenous surfacej botryoidal structurc ovident in some

cavities (Plate 121a)e

(b)  1500° = 2000°C (Platos 121b and 122)¢ vosiculated,

sﬁooth, homogenous appoarance; botryoldal structuroes are



only evident at high magnification in cavitics of residucs
(Plato 122b)e

(a) ZQOOOG (Platg 123)s virtually sone appoaranco of

sanples ot lower temperaturos,.

(6)  Anthracitic vitrinite (carbon = 94424 dmnf)

(1) Unpolishod somples (Plate 124)$ nonmocherent structuro

oven ot 2400°C.

(11) Polished sanplos (Plates 125 snd 126)
(o) 1000° 140000 (Plato 125a)8 two typos of surface aroq,

sinilar $0 low~rank vitrinite, evidont at sbout 1100°Ce

(b) 1§OOo - gooo°c Sglatos 125b ond 12632: disappearanoce

of two types of arcas at 1500°C; vacuoles with uneven,
perforated edgos (Plate 125b); wunoven odges of the perticles

disappear at approxinatoly 1800°C (Plato 126a).

(c) g_490°c (Plate 126b)s practiczlly the same morphological

fostures as at 1800°C are ovident.
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Plate 103 Fresh vitrinite, x190

(a) low~rank bituminous (carbon = 80.0% daf),
Plane~polarised light
(b) high~rank bituminous (carbon = 87.9% daf),
plane~polarised light
(c) amthracitic (i) plane~polarised light
(ii) crossed polars



((:) (ii)



Plate 104 Heat-=treated residues of low-rank bituminous
vitrinite (carbon = 80.0% daf), plane-polarised
light, x190

(a) 1100°C
(b) 1200°C
(e) 1300%
(a) 1400%



(d)



Fig 105 Low~-rank bituminous vitrinite (carbon = 80.0%
daf), heat=treated at 1350°C, plane-polarised
light,

(i) polished with conventional slow-rotating
laps, x 190
(ii) polished with fast-—rotating laps, x 470



(i1)



Plate 106 Heat=treated residues of lowmrank bituminous
vitrinite (carbon = 80.0% daf), x185

(a) 1800°C (i) plane~polarised light
(ii) crossed polars
(b) 2000°C (i) plane~polarised light

(ii) crossed polars



(b) (ii)



Plate 107 Low~rank bituminous vitrinite (carbon =

80.0% daf) heat—treated at 2400°C, x190

(i) plane-polarised light

(ii) crossed polars






Plate 108 Heat-treated residues of higherank biuminous
vitrinite (carbon = 87.9% daf), x190

(a) 1100°C (i) plane-polarised light
(ii) crossed polars
(b) 1200°C (i) plane-~polarised light

(ii) crossed polars



(:L) (ii)

(a) (1)




Plate 109 Heat—=treated residues of higherank bituminous
vitrinite (carbon = 87.9% daf), x180

(a) 1300°¢ (i) plane~polarised light
(ii) crossed polars
(b) 1400°¢ (i) plane-polarised light

(ii) crossed polars



b) (ii)

(4

61

)

b

(



Fig 110

Heat=treated residues of highe~rank bituminous
vitrinite (carbon = 8749% daf), x180

(a) 1800°c (i) planem~polarised light
(ii) crossed polars

(b) 2000°¢ (i) plene~polarised light
(ii) crossed polars






Plate 111

Heatetreated residues of high-rank bituminous
vitrinite (carbon = 87.9% daf)

(a) 2400%c, x190 (i) plane—polarised light
(ii) crossed polars
(b) 2400°C, x500 (i) plane—polarised light

crossed polars



(b) (i) (b) (ii)



Plate 112 Heat=treated residues of anthracitic vitrinite
(carbon = 94.2% dmmf), x190

(a) 1000°C, crossed polars
(b) 1100°%c, (i) planempolarised light

(ii) crossed polars



b) (ii)

(



Plate 113 Anthracitic vitrinite (carbon = 94.2% dmmf),
heat—treated at 12OOOC, plane-polarised light,

(i) =x190
(ii) x480



(11



Plate 114 Heat=treated residues of anthracitic vitrinite

(carbon = 94.2% dmmf), x190

(a) 1300°C (i) plane-polarised light
(ii) crossed polars
(b) 1400°¢C crossed polars



(a) (ii)

(b)



Plate 115 Heat~treated residues of anthracitic vitrinite
(carbon = 94+2% dmmf), x190

(a) 1800°C, crossed polars

(b) 2000°C, crossed polars

(c) 2400°C, (i) plane=polarised light
(ii) crossed polars



(c) (ii)



Plate 116 ‘'Stereoscan® electronmicrographs of polished
surfaces of heat~treated low~rank vitrinite
(carbon = 80.% dai‘)

(a) 1100°C (i) =x375
(ii) x1500

(b) 1100°C (i) x375
' (ii) x1500



(a) (i)

eVt )

(b) (i1)

(b) (1)



Plate 117 tStereoscan? electronmicrographs of polished surfaces

of heat=~treated low=rank bituminous vitrinites

(carbon = 80e0% daf)

(a) 1500°C (i) =x375
(ii) x1500
(b) 1800°% (i) =x1540
(ii) x3800






Plate 118 t'Stereoscan' electron micrographs of low=rank
bituminous vitrinite (carbon = 80.0% daf),
heat—treated at 2400°C

(i) unpolished surface, x340
(ii) polished surface, x1540






Plate 119 t'Stereoscan® electronmicrographs of unpolished
surfaces of heat—=treated high~rank bituminous

vitrinite (carbon = 87.9% daf), x72

(a) 1100°%
(v) 1500°C
(c¢) 1800°¢C






Plate 120 t*Stereoscan! electronmicrographs of unpolished
surfaces of heat=treated highe~pank bituminous
vitrinite (carbon = 87.9% daf), x370

(a) 1100°%C
(v) 1500%
(¢) 1800°%






Plate 121 'Stereoscan® electronmicrographs of polisked
surfaces of heat-treated high~rank bituminous
vitrinite (carbon = 87.9% daf)

(a) 1100°C (i) x390
(i1) x1575

(k) 1500°c (i) x370
(ii) x1560



(b) (1) (b) (ii)



Plate 122 'Stereoscan? electronmicrographs of polished
surfaces of high=~rank bituminous vitrinite
(carbon = 87.,9% daf) heat—treated at 1800°¢

(a) (1) =x375
(ii) x1500
(p) (i) =x375
(ii) x1500



(b) (1)



Plate 123 ‘'Stereoscan' electronmicrographs of polished
surfaces of high=rank bituminous vitrinite
(carbon = 87.9% daf), heat—treated at 2400°C

(i) =x375
(ii) x1500






Plate 124 ‘'Stereoscan' electronmicrographs of unpolished
surfaces of heat-=treated anthracitic vitrinite
(carbon = 942% dmmf)

(a) 1100%, x320
(b) 1500°C, x330
(¢) 2400°%c, =x360






Plate 125 t*Stereoscan! electronmicrographs of polished
surfaces of heat-~treated anthracitic vitrinite

(carbon = 94+2% dmmf)

(a) 1100°C (1) =x370
(ii) x1470

(b) 1500°C (i) %390
(ii) x1560






Plate 126 !'Stereoscan? electronmicrographs of polished
surface of heat-treated anthracitic vitrinite

(carbon = 94¢2% dmmf)

(a) 1800°C (i) x400
(ii) x1600
(b) 2400°%Cc (i) =x390
(ii) x1560






