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PREFACE.

Although the nature of the products of thermal
decomposition of 0il shale has attracted the
sttention of both scientist end industrialist,
0il shale possibly remks as one of the least
~investigated substanﬁes which occur naturally

and which yield valuable products on decomposition.

‘Scientists may upproéch'the subjecf of o0il shale
from different aspects;~for.instance,'the geolo-
gist mey be interested in its rock structure and
stratiography; the chemist may explore its funda-
mental character, or the nature of its decomposi-
tion; while the botanistlmay be requiréd to explain
its drigin. The interest of the industrialist is
aroused beceause the decomposition products of oil

shale hsve extensive commerciasl value,

Unfortunately, most of thé published work on o11
shale has been based on geological observation

or microscopical examinstion, end while these




investigations have produced interesting data,
very little information is uveilable on the pro-
perties of oil'shéle, per se, and of its reac-

tions during decomposition.

_As frequently observed En processes of similer
neture, industry hes progressed. without obtaining
full knowledge of the structure of-its‘raw mate-
riael and the types of reaction which oecur during
the commercisal proéess. 'Especielly is this so

in the oil-shale industry where'pfactically every’
operstion 1is based on eﬁpirical knowlédge. In
order to &chieve un effective and economic proce-
duré. it 1s necessarylto have & clear undersﬁanding
of the naturé of the raw sﬁbstance and of the rese-
tidns which occﬁr during its decomposition, In

the present case,‘this knowledge should include as
much information as can be made availeble on the
chemicai and physicel properties of o0il shale and

a knowledge of the reactions which teke plece during
the decomposition of oil shale-to ﬁroduce 011, gas

and residue,

The results here presented ere offered as e¢n attempt
at such a study of one 0il shale - The New South
" Wales Torbanite - in the hope that the industrislist



snd the scientist will progress together in the

development of one of Austrulia's potentislly:

7
/ 'f"l"/o‘

rich rascurces - 0il 3hale,

4.
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ACERCWLTDGENEETS,

The investi.ctions contuined {n this thesis wore
curried sut in troubled times (1.29-1945) end for this
. resson, the writer wus unublé to obtuin «l) the ovore
sew.s inforrution ko desired. t«nd cartuin pieces of
eqnipmapt wore not prosurstle in this country. Purther-
more, u3 u cortustion furnuce uald & rofrectoroter were
not uvaileble in the writor's léboratory'and ted to te
obtained on loan, ultimate snddyses snd refractive
"indiees ure not given very frequently.

The writer wishes to thunk those libruries end in-
stit@timns, both in Austruclie unid oversocs, wbich pleced
- Journuls &nd Bépors at his dispossl, uni also the Depurt-
ments of Mines'of Rew South Wles, South Austrulis,
xeenslund, Eew.ZGQLund ynd South Africs for sumples.

Pinslly, he would like to express his gratitude to
Retional 01l froprietury Limited, Sydney, for the fueoili-
ties to enuble him to caréy out the resbarch; to ¥r.
L. Je Rogeralfor his somments &nd encourugement, &nd to
, Profossor 4. Fa Kufth for his intereat, eni for introdu«
oing the writ:r to the subject,

- The work contained in this thesis repre:ents entirely

originul work by the writor. end spurt from resulty cited,

ver/ littlo apecifie 1nformation reg boern teken Trom tbe



work of othera.

- All refoa: annoa to Literature have been quoted in the
&piropriato vleces, anﬂ sny axperimentul work. other thun
thut of the writer, haa roceival due wcinowledgement in
tre text. o

4 8mel) portion of the investi wtion, togother with
other results not quoted horein, hus been published 1in
’ currant'seicntifio litoraturs; reprints of these puhars

uwre enclossdl inside the buck covar of this theais,
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FOREACRD,

The btroud ocutline of the dinvestiiutions emboiied in
tris thesis wus onvisagedehils the writer wus currying
out ost-grueducte work in the Depertment of Che@iatry
in the Univarsity of Tasménia. The major portion of the
work wus undertaken batween tre yeurs 1S0U9 wnd 1944. during
which time the writer wus s memboi of the teohnicul stsff
of Nutionul Cil Propristery Timited &t Glen Duvis, Heﬁ
South #ules, C:'rtein portisns, nsmely thoase derlirg with
X=ruy diffraetion, thermalloonductivity. oxidution und
eeétain electricul properties, ware carried‘out in Mol-
bourne in 1944 und 1949, | -

Tho writer wus fortunste in thut the nature of his
duties end looul oohﬂitiona in Glen Duvis sllowed him to
devote naurly "full-time reeeérch“ to the subjeoct, bdut
becsuse of 60mpany poliey, the type of work veried. cone
siderubly from time to time. Howsvor, the aubject muttor
contuined harsin hes been urranged to follow & lo.tcul

geguence,
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OUTLINE.

: This thesis 1é'd1v1ded into four sections;
Scetion I 4 studyrof o1l shele in generel snd the |
| New South Wales,iorbanite in particuIar,
 their geographicul distribution &nd pro-

perties.

,Section II A detailed invostigetion of the chemical
| " and physical rroperties of the Kemilerot
Torbbnite.

Sectinn III 4 study of the rauctions which ocevr dur-

ing the decomposition of torbanite.

§gg§igg*;g Conclusions tnd Réeferences to 1itercture. |

"The first section is ebridged, as the field is
ierge ahd part of. the. information is uvailable elsewhere,
although edmittedly very scuttered. Furthermore, inusmuch
”as the bulk of the subject matter of this dissertation
must neoessarily come from personal experience, thut part
of the report deuling with the oversous deposits will be
_trented 1n & summarised form. -
The second and third sactions bave been suLdivi-
ded into'-' | o

Section II  Purt A Physicul Properties of
' Torbanite,

Purt B Chemicel Properties of
. Torbunite, .
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" Section III Pert A  The Physiecsal Kature of the Decom-
: position of Tortanite.

Part B The Chpmical Nature of the Doeom;
position of Torbsnite,

' NOIJ"HCLAT’?RE. =

T> avoid 1ater confusion it is desirzble to point out
thet some doubt exists in regsrd to the clussification of
6il_shale'in‘3eneralAandlcannel coul in particuiﬁr.

A true canhel. although pftsn having a high Qii,yield.
~ consists muinly ‘of plant mucersls, wheress en oil shels,
es the yord'tshaiet implies;'contains a'largeraﬁbunt‘of
_minersl matter. In iustrelia, on the other hand, thé tern
'cunnel’ usually designatea an. oil shule having a low oil
yield, a black strealk, and of whioh the ratio of volatile
metter to Fixed Carbon’ is less than unity. For this reason '>
1t is praforsble to give the term "Torbenite" to the rich
: &uatralién 01l shele of the Khmiléroi Busin, as- this ?“b‘
'étunee oloselyfgeéambles the %"Boghead CanhelW of Torbenehi;;,
(Scoti&n&) ccmménly known asirdrbanite in faét many aue -
thorities consider thut the mnrosene ahalea'of New Sauth
 Wules should not ‘be. described 8s o1l shule, and therefore
'any distinct division is somewbat contusing. _
- If a ‘definite demaroation, based on physical features,
be made between an oil ghale and a Torbanite. the 1mportant
doposits of the 1utter ere few and anelimited to Austrulia,

Seotland, South Africs, Franeo anﬁ Fentuoky.
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SECTION I.

CIL SHLLES 4AND THRIR DISTRIBCTION.
DEFINITICN.

An o0il shale méy'be‘definsd as en ergillaceous or
aren&¢§ous gsedimentery rock, having an orgenie origin,
the orgenic matter of which decomposes gt elevated tem. -
peiat&res to yield substences of lower moleouler wéight.
6ll three phuses being reproaentad;*liquias, solids end |
gas . The 1iquid products cre similer to petroleum &ni
sre not contsined in the oriéinél shgle., (The term“dil
‘shale! is used here in its widest sense.) A-rich oil
shale which reéembles thut discovered ut Torbunehill,

Scotlend, mey be referred to s & Torbanite,

, DISTRIBUTION, ,
Oil'shalevoocurs more frequently then is usually be-~
lieved, having been found in widely scuttered perts of
the wcild, end in no purticuler gediogicgl uge,
 The mein deposits of oil shale (including Torbanite).
ere found in:- | | )
| Eatoﬁia, Austrulia. South‘Atriea.'Séotland. imericeae..
Other deposits ocour in Menchikuo (49), Franee (62),
Sweden (30), “ngland (Z6b), Itely (9), Germuny (64),
Norway (3), Russia (37), Spain (24), and Czeohoslovakie (61l).
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The followiqg brief survey covers the muin deposits
mentioned ulove,
‘Zatonlu.

¥robebly the moat extensively devoloped oil shule in
the world is thut of ¥stonié, &nd uni -r Govermmont control
.theéa deposits huve received cureful invastigetion, toth
from the economic ana-sciohtifio poinﬁ of view,

This 01l shaele hes a culeersous skeleton +nd oscurs
in the Urdovicisn limsatons of north-eustern ?atoniu. It
is unnaoossurj'to aivc'Eny detuils here, on evory esﬁeﬂt
ot tiiis muterisl Fues been trectsd by Iuts in his mono iup*
"Dar slandisoha Bronneoriotnr - Fu?arait, seincCherie, -
Technolouie und Analyso. s published in Jstonia in 1924,

However, u Tow of the salient frutures msy be mone-
tionea und the followlnb propertins ure tulken from Tuts
(loc, oit.)

Coloﬂr- ' T Usuully buff but muy very from reddish

t0 & yellowish-groen,
Specifio Gr&vitj 1.3 to 1.8

¥oiature: 10 -~ 14%
Carbon Dioztde. 8 -~ 10%
Ash: 30 - 40¢ '
011 Yield: 20 « Z7¢ (of ruw shale),
;.3kh fnulysis: - 510, 29 « (1%
| 30253 7 - be
A0, 7 - 114
.CaO : 43 = 40 .
9 « 8¢ , Q
Med 2 - 17

K 0 + Na,0 o - 4%
(theso figuree husve bovn rounied off for
comvaniancoo)
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"Eukersite”., 01l Shule Research lsbora-
tory Bull R° 3, May, 19C2, Turtu, ¥stonia.

P.N.Kogermsn:-  "Hunired Yesrs of the Chemicul Investiga-
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Secotlind, . 4
The 01l shules of Scotland occur in juxtuposition to
cou), with which méterial,they-aro often confused, About

'twenty-twc sesms ere found intorspeced with other rocks,

- such &8 limestone, shule, and ¢lay. The dopqsité are veri-

able in composition end consequently & single drseription

will not suffice to eover &ll types. The Scottish shale,
us distinet from torbunite, is e derk grey , well-luminuted
rock, eusily cut with & knife snd slightly elaatic. In

macroséopic Poaturas 1t resembles that from Mt. Yembla 1in .

fustralia, &« description of which 18 given luter.

Nevertheless &3 the Boghesd Cannel closely resemtles
tho torbénite 6f Few South Weles, this i1s the only deposit
which will be treeted in sany detailcl

Althouch Boghesed Cennel wes known some yegrs previous

to 18u3, it wus not until this dete that the mindral ocame.



into public yrominence, due to & lawsuitv(Gillespie v.
.Russel) which ensued over & controversy rebarding tho'
exact nsture of the mutorial. The Cennel wes found at
Torbane Hill near Buthgute end has since become known as
.Torbanite; this neme has now been extended to eéver all_‘
oil sheles resembling the above. Oiiné to its valuuble
naeture the deposit at Torbdbane Fill 13 no longer in exis-
'tcnce ‘having been entirely removed by extensive exploi-
tation. This original Torbunite occurrsd in the Curboni-
ferousﬁsﬁratum and 16 & fine-grained,_maasive‘ro¢k! yiel—

ding on p’rolysis over one hundred gallons of oil per ton;

4t has a 'conchoidal rr&ct&:e end it waries in golour from

‘derk brown to black., Mieroscopiecal examination reveals a

1argé emount of meceruted plant ¢ebris,.eompoaed of minute

bodisa, the predominant entity of which being usuelly re-
ferred to s fyellow bodies,”. which heve been shown to be
' algul remsins, The yellow bodies, together with other

orgunic macerals which are present, will be treated in

16,

some detail in the section dealing with the nuture of the

- torbanite of New South Wales.

Literaturs. | |
H.R.J.Con&cher:~ ns Study of Cil Sheles end Torbunites.”
" ' , Trunsd, 500, Geol., Glesgow, 1917; 16,164,
R.G.Csrruthers:  "The 0il Shales of the Lothians",

Mem. Geol, Survey 3rd EBd., 1927.
J.B.Robinaon: A Chemicsl Examinetion of the Orgenic

‘ Matter in Oil Shale",

Proc. Roy. Sce, Edin,, 1914; 34, 190.

WeJd.Skilling: mThe Nuture of Scottish Csnnels™.

.- "01l Shele and Cannel Cosl™,

Institute of Petroleum, London, 1938, p.ad2.
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dmerica.

The oecurrence and naturo'of-the Forth Americun 611
shaleg have been-described‘more ruily thén any other de- '
posits, ‘The Buresu of Mines of the United States, in con-
‘ Junction with ditferent Americun Lniversities, hea published
several bullptins on the locul deposits, the more informa-
tive of which are;- }

©omo4l -snaie"'by M. 5. Gavin. Bun.. N 210,
"Studies of certain Properties of 011 Shale and
. Shale 0il"
| by D. Guthrie, Bulletin Ne 415,

"nothar 1mpartant contributian is the Amarican Cbemical So-
,ciety Monogr&ph "Oil Shale" by R.‘H. Moﬁee. A.C Se Bonof
“graph Ne 23, 1925, ' E " |
The Americun shulee oceur in gbout fifteen states of
"the United States or Ameriea and in ebout eight provinces
of canada. They ere found in many different geolo: 10&1 |
atrata una vary in thickneua from two feet to six thousand
‘feet OF more. However. their 011 yield ‘does not compare |
- with that or the iustrelian torbanite end the present pro-
" duetion of~oil from.them is practinallyfnfi. These deposits
'have heen.fully sovered in previous publicationa end no '
userul purpwse would be«served in describing them in the
present treatise. " | |

In asddition to the vast deposits mentioned above..a

.rich torbunite occurs at Beaver Dem (Kentucky) analjses ot e
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whieh vury between:

0,77%

Moisture: 040 -
Volatile Matter: 53,70 - 63,02%
Fixed Carbon: 42,30 « 27.,00%
Ash: 3e05 - 8.66*
Sulphur: 1,00%

01l shale alsé ocecurs in mqat Sauth American countries
but mainly in Brezil, Peru &nd Chili. Unfortunutsly the
avaii&blc information is very meegre, snd it ppeurs thut,
with two exceptions, the shale is of poor quslity. The
two exceytions sre thQTMafahuito found in Bahie, and the

Olyoos in Espirito 3snto, both in Bruzil.

01l sheles ooccur in the southern poiticﬁ of ifrica.
Although the majpriﬁy of deposits ére of medium grude, the
deposit of torbanite which oeeuré at Ermelo yields over
& hundred gallons of oil per ton. From the aveileble ine
rormution it would appéar +hat the South Africsen torbunite
closely reseﬁblés that of New South Wales,

Literuture.

| Se L. Neppe: A Technical Study of Transveal Tortenite.
. Jour. Inst. Pet., 27, 31, 1941l.

H.Cunninghsm -Craig: The Torbanitss of S uth ifrieca.
, : Jour. Inst. Pet: Tech., l&, 62C, 1930.

du Toit:  0il Skele in South frica.
, ‘ South Africun Jour., Industries 4,346,1931.

-

Asia.

The only deposits in 4Asiu whick heve received any
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attontion are those of Western Siberis end Manchukuo. Dee
tailed reports on thevformer'are not wveilsble but the
latter has recsived extensive cansidﬁration in recent years.
The FJshun (Fucrun) deposits of Panchukuo ere of very
| poor Quality but 59 they overlie beds of good o0al, the
shale qverburden has to he removed and,therefore its ex-
gloitation'is werrcnted. The shale 1§ of & cosly neture
and.yielde on &n svercge stout eleven .allons of oil per ton.
A smell deposit of tdrbaniﬁe occurs at. Hitéohi (¥ozuda
- Province) of whick the following analyais is given by o
Godfrey (BG) - |

‘Moisture + Volatile Matter = 72,34%

" Pixed Curbon = 18,80%

© Ash’ = B8,20¢
o= 0.6671

Sulphur

| ” ’Tho ou%érops oceur at Autun &pd Puxiere-les-Mines
'i»and have been exploitad for many yeers. There are twb
distinct sebms. one in the Permisn end the othsr 1n the .

‘ Carboniferous ltratuvx The 011 shale is of medium quality

and oil yields up to fif¢y gullons rer ton hevebeen reoor~
ded. '
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OIL SHALES OF AUSTRATASIA.

The oil shales of Australia and New Zealund may be
divided into different struetural types, but wili be trea-
ted under the following'headings. from the point of view
of their geographical diatribution‘

New South Wales,
Tasmanla,
Queensland.
New South Wales (exolxding the Lpper
- Kemilsrot Torbanites).'
Elsewhere in Australia.
New Zealand.

New South Wulee.

Verj extensive an&'rich deposits of torbunite oceur
in the h&mzl&roi Besin of New South #9199. Inaivi&ual
treatment will be given to theso in & later section.
T&smania. | |

The unique shale of Tasmania. termed Tasmanite C1y)
and (24)),has be2n clussified as & "spore shule" by Down
. @nd Himus (19b), The oii-ppoducing substence when viéﬁed,
unﬂef'the miéfoscope, appears as rbundish'discs, their
dismeter being gZiven by Singh (63) &8 vsrying between
200-523 pm, When not demeged the spores are circular in
shape but it sppears that during fossilisation they have
been distorted ;nd ruptured, The genersl opinion is that
they wre innumersble sporangia, &nd Johnson (32) suggests
. that they are closely allied to Lycopodiaceous muorospores.

The shale ttself is grey to brownish bleck in colour with
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& well-laminated eppearance. The specifie géavity varies .
from 1.72 to 2,62, while thq spore cese materisl, wﬁich o
may be liberated by flotstion, hes & specific ersvity of
1.1. Reid (57) givés the following uversage proximate

analysig;:« ' - '
Moisture: 0.80%
Volatile Mutter: 30 84¢
Fixed Csarbon: 5,867
Ash: S 62.,50%
Sulphur‘ , 2 56%

The oil yield is low end the 011 18 particulbrly ase- '
ficult to refine. . |
| Two deposits ¢f rich oil ahale have been found in.

'Taamania wnd closely resemble the torbanite af New South
ﬂales. These deposits oecur as,lentioular formationsiin
.the Greta scries of the Coel Eqaauras, &t Mt, Eelién and
_Preolenna and Proximste Analyses of them Leve been given by

Hard (76) as‘tollow?:'

| Preolenns - Mt. Felion.
Moisture: O L2p o 0.4
Volutile Matter: 42.0% c 51l.1%
Fixed Carbon: ‘ ' 51,0% 44,39
Ash: - De8% ' - 4.2%
Litersature: S ‘
A.NMoI.Reid: - The Oil Shale Resources of Tasmunia,
: S Tasm,Geol, Survey (Minerel Resources)
: Ko. 8, Vol. 1, 1924.
E;E;Kurfh: ' The 011 uhalea of Tasmania agd Now SOuth
' : : Halen,
| Unpublished .D.Sc. thesis, University of
Tusmanis, 1935. ‘ :
R.F.Cene: Studies in Tasmenite Sheale Oil.

Pap. Proe.ROJ.Soc¢ Taam.. 23, 1940,



22.

E.E.Xurth and "The 01l Sheles of Australie"
L.J.Rogers, "01l Shale and Cennel Cosl",
Inst. Pet. Tech, p.1l93, 1938,

'Queensland.

The o1l shules of Queonsland mey be divided into two
distinot :roups, (é) The Tertiur, dapbsits socuring in the
Port Curtis Distriat.vapd @t Strathpine necr Drisbene.

. (b) The torbunites of Alphe and Plevna.

The Port Curtis and Strathpine Shales; Meoroscopically the
| | - shule has the ap-
pear&nce‘of G brown clay with s brown shiny streuk, lamine-
tions sre percentible, but fructure irregulur. There ure
meny intrusions of herd meterial, formed from fossil sedges,
although the shale itself is quite sectile.; The higkly
fossilifercus naturg of the shale is due to two entities,
lecf impreasions and innumeréble rentiform todies, the letter
conaidered by Bull (1) to bs the remainq?ﬁstracoﬁs. suehlas
Cypris. The mvteriul is of very j;oor quulity &£nd the oil
producsd is dissimiler from thut preoduced from Torbunite,
Contrury to &l) sheiless so far examiped.Samples f:om these
deposite showed & distinct porosity:ror, although the speci-
fic grevity in hund sfeoimens voried bstween 1,2 end 1.5,'
the powdered shaie wus much heavier. This was 1ilustrut9d

by the fwot that the whole mass.of § finely powdered sample
(10C mess I.M.M.) senk in csrbon tetrachloride (S.G. = 1.6),
-ﬁhéreas hand saﬁples-did not. The result would indioute thut

the orgunic metter in this type of shele 1is totully different



_ "or Tasmanite
from either thut of Torbanitgﬂ_or 8 most intimate binding

betwean the orgenic snd inorganic constituents.
The rosults shown below were obteined by the writer

from sémples kindly supplied by the Government of Jueens-
lard, ~ |

s

Proximate Anelysis,

' Semple @4 @ [
Moisture . . - 5.8% - BJ% 6.4%
Ash 66,4 0.0 - 71.0
Volatile Matter 21,9 19.3 18.3
Fixed Carbon 5.9 5.0 4,3
Specific Gravity 1.37 - 1.46
Sulphur 1.4 (avr,sample)
Nitrogen 0.3 (evr.sample)

Gray King issay (18)

Weight Balance. o _
Wt., Shale 100% Wt. Residue 76.0%
Wt. Distillate 19.3 -
Wt. Gss - 4.7

Distillste: 10.9% 0il

0il Yisld: 20,8 gallons per ton.

Literature.

L.C.Ball: "0il Shales of the Port Curtis District."
Qld. Gov. Min. Jour. 1915, 14, 73.

L.C.Ball: = "Tertiary Shalesvof Bafflé Craek, Port Curtis
, . District."™ ' ' '
Qld. Gov. Min, Jour, 1914, 15, 22°.

L.C.Ball: "0il Shale at Strathpine”.
, . Qld. Gov. Min. Jour., 1932, 33, 221.

(b) The Torbenites of Alpha and FPlevna: In contrast

to the oil shcles of Queenslend mentioned above, the de-
posits &t Alpha and Plevna may be clussed &s true torba-

‘nites.
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The Plevne deposit is comparatively smull and of

poor quslity, yielding between 20 to 39 ullons of oil

per ton, The o0il ressembles that from the.normal torba-

nite, ezxcept that sulphur an@ tar scids are high(

The Alpha torbsnite and the 01l produced therefrom

cunnot be clussed tpart from those of Wew South Wales.

The oil yield is ki:h and reaches nesrly one hundred gal-

lons per ton in some portions of the seum.

The gumple supnlied yielded the foliowiﬁg usgey ro-

sulfs:

Literature,

Moisturo- 4,6%
Volatile Nntter. 53.8%
" Fixed Carbon: 14.3%
- - Ash: 27 .3%
- 011 Yield: 74 gellons/ton (Gray King).
"0il Shale"®

'H.,I.Jensen:

J.lisRe id:

LeWade et. sl:

JeH.,Reild:

Q'land. Gov. Mining Jour., 192!. p.92,

"Phe Tertiary 01l Shules of YPlevnu-Eungelle
. Distriect".
Q'land. Gov. Min. Jour., 1942, V.43, p.2.

"s Note on the Plevnu Deposit.”
Q'lend, Gov. Min. Jour,1941.V.42, P.4.

n0f1 Shele Deposit of Drummond Renge-
: ’ Alph&"o
Qtlend. Gov, Mining Jour., 1940, 41, p.262.

Rew South Nules (axcluding the Uppser ramilerol Torbunite).

A peut-like deposit is found at Mt. Kemdbla on the

South Coast and is the only muteriel so fur exumined, re-

sembling & true Scottish oil shale. The mucroscopic
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reafuros of this oil-yislding substence ure different
from those of the normsl torbunite &ssociuted with the
coul measures of Kew South Wsles,
The rock is & dull-dblack, érgillaceous materibi,
finely luminuted, with indistinctive frecture a~d gressy
to the touch, In atructure it i3 vary soft ard noticeably
flexible, the stresk being dark bleuck and shiny.}, |
| vThe 0il yield ié higher than would te expected from
its appcérance and the Gray-King assay yield wu3 seventy-
eight gullons pér ton of & light gravity oil (S.G. = C.831).

The results of & froximate Anglysis of - ‘& sample were.

Moisture. : 0,42%
Volatile Matter: 45,01%
Fixed Carbon: 19,.97%
Specific uravity: 1.463
Sulphur: .. 0629

It is 1nterast1ng to note thut this deposit was one
of the first to be discovered in Australia, _
~ Four deposits ere found 1in ﬁhe IOWER Coal Measuras
et; Muswellbrook, Murrurundi and Crete in the North end
st Clyd: River in the oxtreme South., Their occurrence in the
LOWZR Coul Moasurés is exeeptional &nd they muy be cleassed
part from the Upper Kamilaroi Torbsanite.
L sumple of the Greta materisl wus not aveilable but

the following anelysis has beon quoted by Cerne (8):
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Moisture: o 1.47%
Volatile Matter: 53.€0
Fixed Cerbon: - 27.95
Ash: 15g87
Specific Gravity: 1.30
Sulphur: 0.91

The Murruruhdi daposit ocours st thé extrsme northe-
eastorn buse of the Coal Measurss and is sasocisted with
volesnic sgslomerctes and busult, In uppearunce it is
more cosl-like thun the normal torbunits, sni the streak
is bluck and sbiny, normslly tkia fact would 1ndicate &
poor oil-yield, but the evidenoe is misleudt 3 68 the
material is compuratively rich; this feature muy bte expleined
by the peculier conditions of deposition, _ |

Only 8 smell sumple was evailable for investigution

und the results obtuined sre shown below.

Moisture: 1,80%
Volatile Matter: 68.09

Fixed Carbdbon: 11.90

Ash: 18,21
Specific Gravity: 1.191
Sulphur: - 0,93

0il Yield: . 1563 gelay,/ton.

Sp. Gr. of 0il: 0.868

Elesewhere in Australia,

Isolated putehes of oil-yiolding mutericl occcur in
the Northern Territory snd western fustralia,
] Although the occurrencs of true oil shulas hés not
had wuthentic verification in South iustralia, & sepropelic
déposit € & gummy Auturé occuraiin the Coorong d1§triot.

and slso on Lake Murtagullup in destern Austrulia,

Coorongite (79), as the South Austrelien deposit is
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known, originc«tes in sn elgel growth which hes been
identified by 3Bleckburn (5) es Botryococcus breunii
(Kutzing)). Coorongite docomposes on heutinz to yield
en 01l similur to certain shalerils. feZe thut from
Strathpine, ‘ucenslund, but Aissimilar from thet pro-
duced from Torbanits. Specimens examined hy the writer
were yollow to brown in colour and vuried in texture from
& soft kelp-like nature to hurd chips. Proximete Analysis
ol the sample of Coorongite geve the following results:

Moisture:  1.63¢
Volutile Matters2,13
Fixed Csarbon: 6.91
Ash: 9.35%
(a small amount of sund grains sre
included in the ash),

Fuel Ratio: FVM = 11.9

'On retortihg in the Gray-King appafatué one sumple
yielded 106 gallons_per ton of pungent'oil, tre specifie

 grevity of which wes 0.886.

AeJ. TN, distillation of the o0il wus &8 follows:

I.BePes 37°C,
59 71°C.
10% - 112°C.
204 17e°C,
304 . 220°C,
40% 2417°C,
50% - 275°Ce.
60¢% 298°C.
70% 341°C, with decomposition,

When quite fresh, Coorongite is soluble in aromutie
solvents and in curbon bisulphide but its solubility de-

creages to ¢« few peroent ufter keeping for some time,
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Some gpecimens of 4he azed mutorisl showed both & rubbery

nyture and o "swellinz" in benzene, indicating thresd-
molecules, proladbly fromed from tre fetty «cids present
in the fresh materiel.

Literctrre,

A.C.Cumming:  "Coorongite - 5 South aAustreliun Elsterite".
Proc.Rod.ooc.Vle. 15, Now Series, pt.I,1234,
190?.

ToKeWerd: Geological Sturvey of S.A.
. Bﬂllo ?::o 2’ 12)' ].913.

H.ReJWConucher: "Coorongite end its Occurrence,”
01l Shule and Cannel Coul, 43, 1938,

New Zealand.

The ocourrence of oil’ ah&le of meiium quelity has been
reported in sevorual 1so;gted_places in New Zealand_and
comparatively large deposits sre found iﬂ the Nevis Vslley
and at‘Orepuki. The'writer obtained firet-hend informetion
on the Grepuki deposit wrd tho fesults.wer@ publisked else~
:where purtion of wnxuh will be guoted nerewith:-

#These deposits oceur in the uppsr coel measures of
the Pormo-curboniferous uge. The exect extent of the de-
pousit is not knoﬁn; it is of thg order of ore million tons,
but systemafio boring muy revesl & grecter extent. A fow '
&ttémpts have‘been nede tb exploit this saem butAwithont
- success, purtially on account of the nsture Qf the oil
itself, Phe soem is ubout 44" thick and hes & thick seum
of bdroun cogl underlying it,

“hysiczl Chuructoristics snd Mierosgopie Structure. Macro-

\picelly the rock is weal leminated and of durk brown
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eolour, with eonspicuous specklgd sppearance, due to the
presence of numerous whitish minute cryst&lsvof micacaous
Lebit, lying elong the bediing plene. The gruvity of

& represent.tive samble of the shale 18 1,41, measured-
on & bulk sumple, The stresk is brown-bluck and is
moderately shiny.

Proximute Anelysis. A representetive analysia«would show: -

ASh-free RBasis,

S T S B o B o s S N "

Moisture: 3ale: 4.6%

Volatile Mattef} HZ.9¢ .~ 80.2¢
Ash: 327%
Fixed Curbon: = 10,39 15.2%

Results of Gruy-King Assay (20 grm. semple teken. )

Description Weight %
Charge ' ' 100

- Coke | 52,8
0il + Water 34,0 -

- Water 10.2
Naphtha 6.9
Totul Yield, guls. ,/ton 8042

Gus Mls, &t °0°C. and 760 mm. 1180

Speciric Gravity .
041 0.9C0
Gag (air = 1) 0.892 "

Torbenite hes beean reported at Mongononui (69), the

proximste spulysis of which is given s@: .

Moiature; , 0.51%
Volatile Matter: 87,33
Fixed Csrdon: 7.92

Ash: 4.24
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Iiterasiure.

R.F.Cunc: | fS¢tudies in Crepuki 0il Shale”.

: Fs2. JoOure. Sei. bnd Tﬂchcg V.33. po8123.19420
Y.G.Morgan: 1Gil Shales &t Weiksis",

N.Z.Jour. Sei, V.2, p.llS, 1919,

Re¥.Hilled and
H.W.Wellmun. "phe 011 Skhale Deposit ot Orepuki, Southland",

N.2.Jour, Sci, &nd Tesh. V.21, €43, 1940
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TiE_TORELNITIS_CF TUR UXT R KAMIILRCI B:SIN.

— - o

The Frenoh explorstory expedition of 1£02 made the
first revord of fustrslien shules in 1807 and further
roports were &iven by Commandor Duprey before the Royul
Leudeny in 1825, The first compary to exploit torbanite
wus formed in 186u and the first retorting took place in
1866. Torbanite from Austrualia was eoxhibited in the
‘Paris Szposition in 16564 end in the Tondon Internstionsl
Sxhibition in 1862, |
| in tkose times,'&a colonists and prospectors moved
inwerds, muny reports'af the cceurrance of torbenites in
'the~Blue Mountaing country weies fortﬁcomiuﬁ.. Grott
Lloeis of torbanite wora often found 3trewn down the
gorges, huving been eurried aiong-by trhe mountuin tor-
rents. This pltenomeron has been'expluinedfin the following
- meaner:-

"The overlying sendstonce 18 vary resistunt to
weathering but the cosl measures, Leing less

steble, erole away, cuusing the cliff fuce to
collapse &nd liberate the nnderlying: deposits

of torbunite. It is well known thct whon the
pressure on & torbenite stratum is relieved,

a8 in mining. it shows grest tondancy to oxpand;
ofton with explosiva Pores end messive blocks

wre thrown off. Wheon this oecurs on sn open

fuse, the muas is carried down by wuter into
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the velley Lelown,

The presnnt writer hes hed un opportunity to sse w
bloek of teriwunite cb:ut cne eubie yurd in size, cearried
about two hundred yurds in one hewvy atornm,

Distributigg,'

The greut cccumulztion of Torbenite fourd in New
Soﬁth Wules 18 situated in th> Kumileuroi busin end covers
en wrea of.agproximately three thousan& squure nmiles
(séé mep oprosits). This ield i3 made up of & number
of deposits which very in size from about sevan squere
miles to isoluted Small putckes; a8 many ug thirty-three
Geposits heve been dascrived in fhe literature and it
ge»ms protuole thet muny more 8xist undsr the Hawkesbury
sundstone. towavar, owing to the »oush nutnre of the
terrain, exploratery sSurveys @:é difficult, In some iluces
the sheer rugeed oiiffs;'with expogeld fTcced over on: thou-
sandlfeet high ma&es,a study of thke gsouranhicul end
stratigraphiocal dizteibution an eesy task; but in other
1qculities.the urrarsenent i3 by no means eusy to follow,

Chefles Durwin, writine in 1690 (13) seys:-

"Phese vulleys which so long pressnted an insuypercble
barrier to tre &attsmpts of the mozt émterprising of colo-
nista to recch the interior sre most remerkeble. Greet
urmlike buse expend % their wp.ereands, other hrench from
vthe main valleys «nd evan leuvé in them g¢reut almost 180~

1eted MuE3@S....+ the W03t remurkeble festurse of this
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struct re is trit slthor h sevars) miles wide ¥t their
heai they _enerslly contr.ct towurds tieir mouth to such
a,degree us to becore impe o 31b1e...........ﬂhen eattle
 wre driven into the Vulley of the Wolgen by & yuth
(which I.descended) thoy cunnot escupe; for this valley
‘is in cvery purt surroundﬁd by perpendicelur clirfs end
~aight milﬁs lowor down it centructs from wn ¢erage
-width of & hulf u mile to 4 mere chbsm impussible to

man and beast. ‘ , _

The torbanitcs:qf“thé Eﬁmiluroi Busin Cpreur cloce
ﬂté tha western m.ergin bf the Epper Coul rea:ures énd
éxtend for nosrly 250 miles north end south. Rou :iy
apeusking they cecn be Sdid to occupy &n aeute triangle
with the ﬂeposits of Ulen and Baerami ‘a8 the base line
wnd Reedy Creek s the vertex (see map). From & strutio-
¢ruphicusl viewpoint, €$e V&rzbus deposits hre'widel& 
dispersed, with nearly three hundred feet botween . the
I1ford doposit, which is less then 30 feet balow the
Triussic : awkesbury sendstonn platobu. und the Nount
Nursdan degosit in tka 1owest coul horizon immediutely
ebove the Yerengeroo Conglomsrcte, The mejority of the
known deposits, which'are»usually'lenticulcr ih shupe,
occur fTairly 2loue to the coul horizons, but there ure
1soléted exumplen, sﬁch'as those at Barigun andixhtoombh

(Mort's Upper Seum).



Origin of Torbunite.

4 ~ There seems littie doubt thut térﬁ&nite 1s of végetable
oriain, snd thut the sboriginel matter ﬁas of &lgual nature,

- Although this work ig concerned with the ﬁrdéent struciure
“of torbenite, and notvwith'its genesis, a dlscussion of

its origin is 1mp6rtant inusmuck «8 it helps to eiucidbte
tbé present eonstitution 6f the substance,

Invostigutions into  the mode of oriuin of torbunite,
and 0% o0il shule genﬁrally. besen to receive serious cone-
,.sidprution following the fumous Torbune hill cese in |
1853, and‘from this Jear onw.rds muny theories h&ve been
put.foxwwrd aseribing varipua ori ins to tloe material._'
These fheorigslhgve resulted ﬁainly from microsoopicall
and geolagioal.inveutigation, snd otten'léd to grewter
confusion thun before. | " |

Although much has ﬁeon done by the'micrdscopiat in
expl&inin& tte origin o? torbunite, insofur as. the present
problem is concﬂrned it urovides practically no evidence
ut 8ll of 1ts Lraﬁént structurm, and it is obvious thut .
therriginal’nature of the materisl haaAheen so0 chunged
by metamorphismAund geologie pressure &s tolrénde:’itv
nearly unrecognisable., It is Jﬁstltiable, therequa, to
A_aéeume that no useful pur;ose ﬁould be scrved by ahalysiﬁg
the vurious theories thut huve been postulstad.

When exeumined microscopicully, torbunite is resolved

into & hetorogeneous structure in which yellow, orenge &nd
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red pertioles ere seen disfributed throughout a brownish?
black, opmque mutrix. The yellow particles, usually -
termed 'yellow bodies', are predominant, end the exact
nature -of these 'yellow bodies' and how they'originated
has led to the confu81on ebove mentioned They have been
1dentified veriously as spores, pollen grains, spore cases,
partially bitumenised metter, resins, waxes end hydro-
carbon meterial, | | -

In 1892 ‘Bertrand and Renault (4) published & paper .
which mede the first important contribution to & knowledge‘.
of the origin of torbsnite. Bertrand end Reneult stated
that the 'yellow odies' were the remsins. of aigae, end la-
ter pcpnrs heve given further proof of their contention.'
In. 1936 Temperley (71) gave very strong evidence-thet-the
algee were identical with, or very similer to, the now-1iv-
'ing Botryococous braunii found in Coorongite. |

The general theory of the mode of origin of Torbenite, ’
as held by the present writer,lis as follows:- ' -

Torbenite originated in a specific type of colonial
‘microscopic &lgae which flourished in the transitionel‘
era between the ?ermian end Cerboniferous:eges. Along the
western mergin of the Coul Measures existed a series of
ldkes or lagoons in which elgee flourished ‘under excellent
'conditions but with more or less sessonul changes. The shal-
iowness of‘these lakes is shown by fossils of’Glossopteris,

“in which the plant is still in the living position.
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3ilt, clsy snd other finely divided m:tericl contsi-
ning armell smounts of humus wer> ouorried by streams imto
these lukes, end formed & muddy ooze on.the bottom of the
wu ter in which the &al:te were growing.

Aftar the decth of thre algal colonies, possibly céused
by regulur se&sonul chungns, the deccying mctter sunk |
through the eter to produce a layor of sapropel on the
bottom of the leke. . |

- Owing to climutie}chungés. the lukes dried up and -
tie ulgue, together with the inorgenic muterial.éaked to-
. gathker to éiva & thin leyer, This cycle was repeuted
until an eppraciuble deposit wes formed.«qonsisting_of &
band of meteriul of luminated struetufe.

Separsting the léminsted bunds of o1l shele were
luyers composed almost entirely of inorgwunic sediment
(shtles ete,) or vageuler plant sapropel.

{ Trhis phenomenon; g set without the repeuted

'cyclea ovér long veriods, occurs ét the present

time in South Australis (see COOrohgite) and élso

in othor isoleted pluces in the world, These
s&propélites ure of wulgul cenesis end Botryocoecus
branhii occurs in neaily gll of them, 2Zulessky (78)
gives the compoaition,of the muterial from Luke

Bulkash (3iberia) as:-
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- Curbon 73.767

Hydrofgen. . 1G.61
Sulphur 1.02
Ritrogen C.56
Oxyecn 13.74

Phosphorus Truce
Specifio Gruvity: 0,995
ish: 3 - 5¢

Fol}owin tke depositibn st&ge, fhe decaying mutter
wes odvered with ovgrburden and then, over geologioul
times and with the pressure of the overlying struta, the
gummy muterisl poiymerised to & hurd ﬁassive rock. The
subsided rock was brought to the surface in luter Tertiery
" elevution and fhe fissures in the country.qxposed the
nutariel as it is found to-déy. ‘

There is little evidence thut otker then plent me tter
took part in the formation of tortanite, tut enimel remuins
keve been identified in cortein oil'shales. The plent |
mutter,includes ninocr cmounts of spores &nd remuins of
highar plents in addition to the slfse. -In order to re-
duce the plunt remains to & macerstod mess &nd to expluin
the luck of cellulose derivetives in torbunite, it seems
probuble thet the decuying ulgue were ucted upon by'some
type of subaquatic bucteris,
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SECTICN II DiRT_A.

T8 PHLSICLL #3C. RTINS GF_ICRB@HITE.

INTAODLCTICH,

Torjanite contuins two distinet and dissimilur types
of mattar, the proportions of which msy very greutly be-
tween &ny,ona sumple and wnothar; the org&nio'portion
which consists of smell tr&nslucentApartidlesg and the
inorgunis portion, composed of clajs, sends and other
sdventitious minerel metter. Therefore, all pnysical.pro~
perties and, to ¢ less extant, chemiecul prorerties, tre
& function of the umount of cackh component, unl these |
yroperties will vury Letween limits detsrmined by the mexi-
mum perrissible emount o” either which cen be brésent.

When the properties of the orgénlc portion ure to te ¢on-
aidered.,and to obtain dete which may be correlited on &
commoﬂ busis it is desiruble thut'all_properties be'fedﬁced
to «n 'ash-free'! basis,

| It muy be said'&t the ou*set thut, wpurt from intrinsie
vieriations due to chunges causs® by the amount of minersl
metter pr-osent, no single fuctor mey be tuken ss sufficient
eritarion for the identification of any one deposit from
enothsr, Exuminction of the resvlts obtained from tke in-
vesfigution of very meny Sumules from ov:r zeventeen de-

posits, endl the oil obtained therefrom, does not reveal
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any perticular property which would serve as.s means of
demsrkstion or identificution. Certsinly, torbunite
which produces over one hundred and seventy gallons of
oil per toﬁ is not likely to be rbund in the Glen Davis
deposit, but there are several localities from which sum-
ﬁlés m&y bs obtained produéing this smount of 0il, e;g. |
et Cool&way, Josdja, or Wollar; on the.other htind , 1t is
.impossible to différqntiéte between a poor samplg from
Coolaway (wﬁ;ch is usuelly outst&hﬂing for its richness)
and one ffom Glen Davis;‘if the létter wera'pafticulbrly
‘righ. | S 1 -
Seversl attempts have boaﬁ made'to sfrect en.identiw
rieqtipn'by means‘of'certain'prapertiés. but roported obe
servations huve been bused on hend-specimens and not on
the deposit as & whole, It'may be stuted, with the reser- .
vations ebove mentioned, thot veriations within one deposit
m&ey be, and often &re, s greet as the veriations between
any two deposits, which :enders ?alueiaas.any abservaiion
as & means to 1dentification with regurd to locelity of
origin, |
t The variétions discussed hsre are cuused, in the main,
by differehces in the ratio of orgenic to indrganib m&tter'
and not by changes in the constitution of the kerogen_
(the term applisd to the orgenic matter in o1l ahélea and
torbanites) 8 & whole, the compos1ﬁiohAof which is remecr-
kgbly uniform when considersed es a éegara@e éntity. Al~

though miceroscopic exsmination reveuals that kerogen‘has a
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'hetorogenoous structure, veriutions in the emounts of the
different com onents sesm to heve little effeot on macro-
'scopicbprﬁperties when these properties are reduced to an
‘ush-free! besis, and in certzin ssections of this work

fhe orgunie matter will ba tracted &8 ¢ uniform chemical
body. Aiﬁhcugh «n explunation of the constitution of the
| organiblmatter of torbdunite i3 asn extremely comylax prob-
“lem,and as yet Les not been olucidated, it ia ev;dent that
on2 is dealing with the seme underlying chemiesl structure
in &1l deposits. |

The removal of the inorgunic metrix of torbunite, -

while leaving the'brganic portion unchunged, is no esy
tusk; physicel methods, bused on the different densities
of the two components will rémove‘the large mineral fres-
ments, but have no effect on the mieroscopic purticles of
cluy etc. whiok ere intimately bound up with the kerogen
itself. Chemicsl attaek»is & little more sctisfuctory s
frequont w.shings with hydraéhlorié end hydrofiuvoric scid
will reduce the ush content to a fz2w pereent, btut under
these conditions it seems doubtful whether the orgenie mate
ter would remaiﬁ uwnchanged, Fortunctely & small iens ot
éxtremely rieh torbanite wus discovered ét MErangaréo

(Rew South #sles) (loﬁ).»the ash content of which wus less
than thut normally sssociutsd with ths living alfie, and

this materisl wss of great velue in this investigetion.

Specifiec Gravity of Torbanite.

The specific gravity of torbunite incrseses from sn
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otserved minimum of 0.973 to &n indefinite meximum of 2;
but most sumples will vui; between the limits of 1.1 and
l.4. It is dirficult‘to designate 8 meximum specific
gruvity us this depends on the limitutions of the defini-
tion of torbanite, &8 distinet from oil shale, but it is
rare to find specifioc gravities in excess of 1.5 for a
true torbunite, cxcept in the case of silisified meterial
when the spee¢ific grevity will sometimes resch 2, but
ra:ély exceeds it.

Experimental.

Small test blocks were used to dctermine specifie
gruvities, a Nicholson hydrometer being emplosed, and
the determinutions cerried out &t 20°C. or corrected
thereto. A amall amouﬁt of meth.nol wus used &8 & wet-
ting ugent. | |

The ush determin.tions followed the method set out
in the D.S.I.R, bulletin "The Anélyaia of Coul” (18).

The rosults obtained, together with & few anslyses
from other sources ure shown in Table 1 snd in the graph

oprosite.
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TAIE 1,

Loculity Specific Grevity  Ash Content.
Merangaroo - 0,973 1.81
Coolawsy 1,038 6,64

' 1.075 10,01
1.043 : 7.7
' 1,154 18,06 .

wWollar 1.071 ' 9,89 a
' : , o 1.032 , 3.582
1.l64 20,43
1.074 _ 11.05

, ' 1,334 ‘ 38,99 a
AMrly . : 1,116 14,03
‘ - 1.148 16,568
l.136 25,07

© 1,116 " 12.40 B

' 1,369 36,67 8
Glen Devis : A 1,198 : 2l.41
o h : 1.228 29,32
l.274 - 27.21
’ ' 1,155 19.63

Barigan . 1,217 ' 29,45 a
B 1.193 . - 19.81
1,231 24,61

- 1.170 20.41 B
KRewnes ' » ' .73 20.81
o . - le241 87,52
- : - , 14148 19,80

Jpedja , , 1.028 5.45 P

" 1,198 - 24.97 B
Baersmi . 1.237 24,91
, . - 1.198 - 20,03

, 1.170 20.41 B

‘ : ’ 1.256 29,80 B

Tong Bong Mt, 1.984 ' 43,05 a
- 1,357 3779
- , 1,268 . 39.21

Ulen ' " 1,110 . 12,56 a

Ilford : : 1.225 o 30,37 a

Wondo - 1.072 8,85 3

(a) dete from Dulhunty (15)
(B) dete from Carne (8).

Extrupolation of the plot to zero ash-content leuds



to the conclusion thut the specific grevity of pure erogen
is about 0,90, _

Rich semples were chosen for. the ebove correlation,
‘&8 this choice tends to minimise ény disorepancy'caused
--by chunges in the constitution of:the mineral metter per se.
Statisticul Anglysis of Results. |

4 brief outline of the method used in enalysing the
results set out in Teble 1 is given below.
If A is tke Qquuntity which, by means of many obaor-
vutions, is shown to he reicted to wnother quentity
B, then the degrse offcorrélation (m) is given by
the expression:
- _EA'B?
neCLdCB
where n = the mumber bf observations.
JA = standurd deviation of A
0B = stefdard deviction of B
At= deviution of A from the mean.
Btz deviation of B from the mean:
If ¢ and B cre the deviution of 4 end B respectively

from erbitrarily chosen meén vulues of the two,

then : e
Y A'B' = Xaf - ndf
where @ = 2%3 end
Po= =8
n
2 2 -2
lso oA, =28 . @G
n
2 2 -2
B =-Z-ﬁ - B
n
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therefore with respect to the erbitrury mesn velues;

m = Yap - naf . TAIE

nf(2 - g2) (g2 ) Ae
n n

Properties of m

1 7 m >y -1

When m = 1 or ~1, the two veriatles ere connected by a

- linear eque*ion end allipoints would fsll on th&f straight
line. ‘When m}c C, A ani Blara entirely 1ndepen&eht of one
-snother &nd no correiation is wossible. It is necessary
to epply a correction factor (p) to the coefficient of
oorrelation (m) when the ‘numbsr of observ&tions is small

‘and this correction is given by:
1 - p?

i£ p > m there is no correlation.
u, n '

. D=

. iet A denote specific grevity and B denote the ash
content, &snd let the chosen &rbitrary méan values of the
two equal 1,20 and 20.00% respectively, then the first
two columns giveh in Teble 2 represent the deviation of
‘4 and B from 1.2C and 20.00%. |

Then tﬁe following derivutions may be obtuined :s
i = Ya == 0,0225 end § = z%ﬁ = 1,166

=

o 4° = xa® - (©)° =0.,0107 - 0.0005
0,0102
108,15 - 1.26

106.77

it

R
n

fi

_ Z;§2 *'(5)2
n

fl
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Zap - ncaﬁ o .
= 38,918 + 40(1.1€6)(0,0225)
= 39,908 '

Y AB

m="- as 232 = 0,957

4Q/T0I0T FI0ETT

. __1 - .mz Ve o
_.‘p =S ¢.002
Cbeffioient of corfolation-équﬁls 0,957 ¢ O'GOB'
This inaicutes a close relationsnip betwoen 33 eeific.

gravity und .s8h sontent for the ricnar torbanites.

VL
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TABLE 2.
2
a g ! ag
—.227 ‘18019 00515 330009 + 40129
“0167 “13036 00279 178.50 + 0331
-, 125 - 9,99 i0156 99.80 + 1.249
-e157 «12,27 «024C 150,85 . + 1,926
~.045 - 1.94 .0020 376 + L087
~.129 ~10,11 «0166 102.22 + 1.204
~+168 «16 .48 0282 271,59 + 2,769
-+036 + .43 «C013 0.18 + 0,015
-+126 - 8495 «0159 80.10 + 1.128
-,074 + 5.88 + 0005 34457 - 0,435
+,1%4 +18.99 »0180 260.62 + 2.545
-,085 - 5,97 «0072 25,64 - + 0.507.
'-052 - 3-45 00027 11.90 + 0&179~
-.064 + 5.07 +0041 25,70 - 0.324
~-.084 -~ 7460 0072 57.76 + 0.638
- +4159 +16,67 0262 277.89 + 2,650
-+007 + 1.41 0000 1,99 « 0.010
+,028 + 9,02 +0008 86.86 + 0.261
+,074 + 7.21 «0055 51,98 + 0,524
+,108 +11,09 «0117 123,00 + 1,198
-.0‘5 - 0937 00020 -Oql‘ + 00017
+,017 + 9,45 +0003 89,30 + C.161
. ‘0007 - 0019 50000 .000‘ + 00001
) +.031. + 4;61 00010 31.25 - 00145
“.050 + 0041 00009‘ 0.17 - 00012
‘0027 + 0081 ‘0007 0;66 4+ 00032
*0041 + 7(53 00017 B 55’30 + 0.309
~.0562 e 0,20 « 0027 - 0,04 + 0,010
-.172 -14,.55 +0296 211.70 + 2,503
-4008 + 4,97 +C000 24,70 - 0,010
+,039 + 4,91 0014 24,11 + 0,188
-.002 - .03 +0000 . 0,00 + 0,000
'0050 . +'0541 .0009 ' 0.16 - 0,012
+.006 + 9,80 «0031 96.04 + 0,049
+,184 +23.09 «03&9 531,30 + 4.241
+4157 +17.79 « 0246 316,48 + 2,793
+.168 +19.21 +0283 369,028 + 3,227
-+ 090 - 7.44 +0081 66.35 + 0,670
+,030 +10,37 +0012 107.54 + 0,363
E« «0.900 Z/i +46.65 1ot «4283 15 4325,01 2 +38,913
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Belstion of Spacific Gruvity te 0il Yield.

Genecrul relutionship of specific gruvity: It hus been shown

~ in the preceding pugces thut in the case of rich materisl thre
is & distinct relutionship between tre ash conteht‘of a
8iven sumple snd its sracific gravity. As t'e oil yiela,
epart from retorting vurisbles, dependa on tﬁe amount of
orgunic mutter present, by dedvection therérore. one can
a3sume thet the o0il yield would very with specific grevity.
This i3 true elthough, on éccmunt of the grester complexity
cf.the fuctors involved, to & lesser degree of correlstion 4
thun in'the previous cuze, IFf it were possible ﬁo define
& stendurd retorting technique an evon clossr correlstion
might be expected.b In ordsr to meke this stutement olear
it is first necessary to define what'is meent Ly ‘'standard
conditions! when upplied to retorting technique,

Let the following conditions bé aaSuﬁed:~

(1) Uniform und predefined time-tempersture rise
throvghout the retort charge.
(11) Constent size of torbanite purticles, .
(111) Stenderd and reproducible retort and fufgace.
(lv) Yredefined ﬁegiae of prcking of the sanpls
into the retort. . , ,

thus, the possible vurisbles in the treatment of sny number
of samyles .re minimised, but are not obvieted. This is
more reudily reulised if the nuture of the thermal decom-

position is examined in detuil, for it will be seen trut
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it is impossible to so etandafdise & retorting procedure
tret ecch snd every perticl: receives the ssrme treutment,
- for instance, 1f &« retorting run on s rich saéple is
srrested L foe eompl-tion, and the charge ek&mined iefa?e 
1t hus hud time to cool, &ll stuges in decomppaition will
be observed, no matter how vniform the heatiné mey héve
been. The intermedicte p'uses are represented Ly & f?oﬁny,
terry mass which is more 6r‘less'fre§-f10viﬁ6, end runhing |
betwsen the interstices of the tort&nite}p&rticles,_and :
botwsen the ohurge und the ratort wslis, To 30 arrange é~
retorting technique thet & giyén amount‘of this semi-liqdd . .
12683 flows in & eertuin diréction. say..along the-ratort
wull &nd thus receives a different treatment, is'obviously'
1mpoaaib1§. |

4 muthemeticel anelysis id shown in Tabié 3 velow of -

ei hty-five Gruy King wusseys (18) for oil yield.

Tsble 8.
srhitrury mean vulnos;" ' '
: Specifie Gravity = 1.20 -
011 Yield: = .130 gnlS,/tOn.'
Semple Specific Cil . 2 e .
Fo. Gruvity Yield ¢ - o - S R ap___
1 1.27 142,9 4,02 +12,9 ,0004 166.4 ~ +C.2568
2 1.24 127.,7 =.01 - 2,3 L0001 5.3 +0.,083
3 1.18 142,1 ~,07 +12,1 ,0049 146.4  =0.847
PO ’ . e . e v ‘ e
85  1.81 | 135,6 -.04 + 5,6 0016 3l  -0.224
: : 2 2
- La = =,90 | £ = 7844 . Ba = 40,1611 I3 = 8781

Yap = =16,48 -
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= - 0.0106 Th = 0,0428 L
3 =+ 0,8635 . (B = 1013 m= -0.426

Degr~e of correlution = - (.426 ¢ 0,089
(These uasuyss were}not'perrormed by tke writer elthough
exvried out uni»r his supervision,).

From the snelysis it cun be saen thut, us might ve
expac’el, there 19 u foir degrse ot correlntion Lotween
s_ecific bruvit: and oil yield. LiLtterpts were malde 1o

ee whethor sny precise ex.reasion could e deduced to
enable oil yield to be culoulated from specific @ravity,
with & recsonuble degree of accuraey but reéults were

unsutisfaetory.

‘When broken, rich tortunite exhilits & superd broad
cenéhoidal frueture, whilst the fructrre of & joprer
srecimen tends to b3 huckly. Cleavage along the .edding
plene 18 Quite commqa;,und ull to&buniteu slow u grouter
ureak-rosistunss eross tha tedding vlane then aibng it.
Torbe.nite caun to flaked with & zaife but Qttempts to suw
it, =lthough suocassful, will alwsys dull tho bludo te-
ceuse of the silicu preéeht in the minarsl matter. Tor-
banite is aitremsly toﬁgn éndvie much more rasiatunt to
impsct thun couls. Whon struck with & herdotject 1t
~mits & hollow wooden note, and a4hammér retcunds from

1t with consideruble force,

Btructure.

e

diceh torbenite sppears homogeneous to the sight und
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giv:s no evfdence of its lemineted structuro, although

poor spscimens show distinct laminstions. When hssted,

richk torbsnite tends to cp2n uﬁ «long the bedding plune,

ﬁbs providing s means of cscertuining the plane of bedding

0” visusally homogeasous specimens. In gena3.al, tke tox-
ture'ts smooth, clthough very poof specimens bre rough

to the touch. Torbunite is brittle whsn cut into thin

strips but deronstrutss & cart.in amount of bending elis-
ticity before freoture, Tba tenaile strenéth is upproxi-
mately 575G Kg./8q.mm, (105 ash &and ﬁurallslltp bodiing plame )
und Rockwell M. ‘hurdness is betwaen 70 end 76. It 1 iﬁte- '
) reating to nota thut the apherieéucl indentutlans roduced-

.by the Rooxwell penetrator trcdual1y dissppearsd, cnd

after eleven dsys no depxession oould»be fcunq when checked

with & microméter.-

Vierosecopic Fectures.
Jhen viewed in fhin sections under s mieroscope, the
duerk mass of torbanite 1é resolved into &r ojpmque mutrix
in which cre embedded meny transluéént allipaoidel ﬁodies'
of more or less fibrous internsl structure, ransing in |
colour from yéllow.to red., The orgunie todics are nrot
horogeneous tnt thelr varietion is regurded s more of
quality thuen of churudtesr., The.se - entities afe soctterad
throughout the muterial 1in no'fixed manner except thet

their long sxis 18 generally orientuted towards the bedding
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plune; The najor portion 6f the orgunic rutter is y-llow
in colour'andlis often so concentreted us to orowd out
reurly sll the othzr eocastituents.

The present chemicel constitution of the orgunic bodies
is still indefinite but, &s will be shown luter in thig
work, it sesms likaly thut they &re resins. Tho torm
'rogin’ is hore em;loyedlto dosignute highly pol merisad
comgnunds 3uch +8 polystyrene, or the modern synthatic
éesine ehd ﬁbfs net refér'to the gurmy exud.tions from
certuin trees, such ss thet from the ganus Pinus. V:ricus
writers huve identified thev'yellow todicst &1th Eitumons.
hydsocuroen ¢ lotules end hatursl resins (vosin);,however,
their c¢lmost complete insolubility in toth eliphctic wnd
uroinatioc solvents shows thaet tRése premises avre fellecious,
Other writers huve sugsested thet ths ;yellow bodies' ure
fossilised pollen greins, spores, oy remsing of +he highor
plenﬁs, but it scoms iﬂpﬁobable‘ﬁ&aﬁ conditions were con-
ducive end locclimed to such tn sxtent as 0 producc the
tsre of deposit we find <t tro _resont tire, Tﬁg icnﬁicu-
ler nuture of the deposits, thoir slight dip to the hori- A
rontal anid their ianinuted struoture; @ii sug _eat &a
syaetio form of plant life of algwl orisia.

Meturorpzion hus 30 «~lteryd tha structure of the
“originel sutstence tlut 61l 1nvws£1ﬁutions curried out on
torbunite with the ¢id of the microscope must cé:tbinly

be deduodlive, snd e¢s such, of little ueskstsnce in the
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- prasent problem, which is concarned with the wetusl compo-

sition snd rsactions of torb.nits as it is found to-duy.

THIRYIL . Gy RTINS,

The f.ct thut torbunite consis+ts of two vary dissimilur
componsnts -~ orgunic and ino;ganic - snd thet t'e propsrties
of the meteriul &s & whole ure doteorcinad by the emount of
sech present, is well illustreted in the following jtges
deuling with the thermal pro;erties.

In scme: portions bf this work, érronequs results were
oﬁtained. cavsed by decomposition of the aémple vnd~r test
&t on'y modsruate terperctures; for instence, in expension
tosts, and this difficulty wes onl,’ ovsrcome by using
sub-zero témyefatuﬁes as one temper.ture limit.‘ ‘

8¢ X ITIC 1T __F_TORD, NITS.

The specific heet of pure torbunite xerogen is 0.3%
grem,csls,/grm./°C. and debré@ses lineurly with'inéréasing
ash econtant., | |

The experimentsl defaila of.thé work were us foliQWS:f :

The calorimetsr was of the normel type contuining a
vacuum tlésk. accurute thermometer with telescope and
stirrihg device, - the cooling constent otvthe arparetus
wes 0.00187 (Newtonien formulation). weighadvqughtities
o¢ orgu.nic liquids such &s carbon tetrachloride and nitro-
benzene .wor nsed as heat medié 8 they were good watfihg
~&a-9nts and'hud low specific heats. This practice wus the

only deviutior frowm the normal lsborutory technique on
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Apparatus for.._.Expansi»on.;,Exp‘e.niments
Figure R° 1. '
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specifie heat detnrminations.

'Smull sumple tlocks were cut Prom s:lectad piecns of
torbunite’ and m&intainod in an eir-oven <t constent tene
-perature. ALt the end of “wo hours they wore w2ighsd end
then replaced,in tie oven. when four hours héd elapsed
the; woere qriukly z*unsfcrred t£o the calorimeter (t
vcalorimete" was placed ‘slose to the oven) and on reuchina
equilibrium the tempareture was recorded, L0t T the ope-
retlon was concludeﬂ'en\ésh determinntioniwaa m.de .on ssch
sergle. ‘e & oheck on the above tachnique the following
two veristions were tested; o . ‘

(1) edding hot 11guid *o cold torbenite.

(ll) fdding cold liquiﬂ 0 hot torbcni*e immersed
in hot liquid. the two liqaias beinc
identical, _ » ‘

Dup*icetes veried by e fow percent buvt this could
"huve been due to experimentzl error, us eguilibtriur tam-
perstures were found witb diffieclty, owing to the low .
‘ tbermal conduct1v1ﬁy or the torbanite‘ Fo. eorrootion was

' mude for 'h2et of wetting'.
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ngle_éo

The Specific lleat of Torbunite.

Semple Yo, , 14 -7 2% 42

Ash # . 28,2 22,3 56.4 B6.2
Weisht of Semple, crms. 40.21 45.45 28.%30 38.€2
Weight of Liquid,grms, o4 655 868 660
Sp. Hest of Liquid 0.342 0.36% 0.2C3 0,842
Water Tgquivalent of:-

' #% C&lorimeter 57 97 57 a7
Liquil 221 240 176 226
Tot.l Culs, 278 297 233 283

Temparaeturas °C.(lore, )

80.1 51,4  50.8

Initial of Sempie 49,8

Initiul of Liquid 19,3 28,9 21.1 18,7

Equil;brium Tampe. 2240 31,2 22.1 20,7
‘Specific deut . 0.318 C.301° 0.878 (.22
Tempersture Rence '20-30 30-80  20-50 £0-50
Liquid erployed BzNO,  BzKO,  CC1, BzWO,

#% Wuter equivelent corresronding to & liquid
lovel of 550 ml. in vactum flssk.

These fesults ere illustreted ir the sreph 2 end extre-
polétion shows thut pure kercgen hse & sfecific'heat of
0.54 cels./grm,
| A theoreticalAdpproachAto this subject moy le made
.rrcm the mile of Dulong and von Kopp on the additivé enarac-
ter of specific hezats and from this = check may le obtaiﬁed
on ths experimentul resulfs givan above,

Although the exuct componition of the minerel mutier
in torbenite is noﬁ représented bty an ash anelysis, the
results obtuinel from Tuble § are tuken &s suffieiehtly
accurute to illustruté the app;ication of this method,

Trhe composition of a sample of ash from the Glen
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. Duvia aePOQ1t 1s giown 1n Table U below:-

Table 5.
Chemicsal , Specific
Composition LYercentuie Heet  Product (% x Sp.Ht.)
sio, - : 67.3 - 0.191 12,85
Fequ 3.9 0.155 : 0.60
Al,03 220 O.184 4,05
ca0 ‘ 0.9 0,181 C.16
Megod 0.5 0.220 ' 0.11
50+ 246 - 0.18 ' 0.47
Alkaline Oxides - 2,8

N v

- 0.2 e 0,56
18,80
-,opecifio ueat of stale ash: O, 19 cul./grm./°C.
The specifie hout of the OrQUnJO metter in 0il %hele
vmcy bo cepproximuted in the gsume mcnne?, f;om phevgercen-'
tepe qompOSitioh-§f the kerogen sund the atomic heats ot: 

thefconstituent 6t0m3'(see Table_e).

Tuble 6.
Percenthae uomposition (53)e . - :
C = 80.1ﬁ‘ = 10,65, § = C. a% N = 1,8, 0 = 2,3%
Arelysis  .tomic  atomio . Atomic aat
Porcanteye ' Heat = Weight lﬁ:Gentu S8 X siomic WPiFEto
C:85.,1 = 1.76° 12 o 12,5
it 10.6 2.8 ‘ 1 24,38
S: 005 ) 5.54 - 32 . 0009
N: 1.3 - 3.48 14 ' C,32
0: 2.5 .'3.48 .o 16 o Ooﬁé
37.8_

Speoiric-Feut' C.28 gbla./grm.
Th*s, for dry sbule contuining 50% minersl metter,
tre speoific heut m&y be celeuluted wus:

0038 i 0.19 '-= 0.28 caxaolgrmo
2 .
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To this figure'ofbcuze ¢als, p2r £rom, & ocorroction
should bs ulied fdr moistire &nd certuin otker inorgunic
volutile mutter lOot during. the wesi.ing Lrocsss,

4 graphichl rep;esent@tlon of the resul+*s ob*sined

~is ‘shown in greph 2 end fyom the ¢rajk 1t ewn bo seen thut
the culeuleted aud ousurved vbltea of the specifi ¢ hest
63 given in Tuble 7 do not a.:ee. In «d2ition, the cel-
' culated vilves muut be rn’vxaed " tn cpproximeti on:orly,
- becuuse uC 4k rany fuctors which mist '» éansidered.

| DLineur folut19u9gips butween ugeclfzc rkeet snd uah

- content, ;re,fouud vheﬁ'dauling-with substanovs Of gimilur
neture ~l6001 and’;oke vshoéina tt§ aume aofra}utien,
V gggie s

Sumple

i8h. Specific Specific. leut
Fumtor Yerc:ntuge Eeat (cile.)
- : - .£0b3¢ )__ . —_— e e v o
14 22,2 0.316 0,236
7 . B2.3 0,001 CeB16E
8% 56.4 0.&78 0,271
4.2 86.2 Ce 24° " 0.214

For purposﬁs of compurison the qneclfic haats of s0ome

imericun 01l shules vre Elvnn in Teble 8 bolow:

Table 8

Source of Chale Spséiric Aﬁ%horit;.
e e e s _uaat e e e e oo e i -
De Reque e PRAILY) U.S.ﬁurecu of ¥ines (75)
Pasrechute ,Colorezdo 0,242 U.3.urecu of Mines (75)

De Bogue 0273  FeKeo end Zydar (/1)

Jhale residue C.,223 U.9, Furear of Minss (75)

De 1eque C.260 Mevee wnG Lyder (41)

Gus Coul 0,814 Smit:hsonicn Inotitute



Vuricstion of 3pecific Hggg_gggh'Tem§053§ure.

The gers:ul rblati@nship betwoon speeific hewt und
terper.ture is £iv'n by:- .
Cg =0Cc + at + bt;
where G, = specific hect at teC,
C, = specific heut &t 0SC.

u snd b ure constents.

i3 torbunite deéompcseg‘when hoatedliﬁ is impossitle
to detor~ine ifa s;qcifie hout st elavutad tsmpsr.tures,
but on idsa of the values involvzd muy be o teined in thé
followin; manaer. )

Assuning the temperuturse coeﬁficient of echenge of
syeoifio hzat of the inorgunic matter 1s similer tO»m;te-
rial 3uch &s silicwu brick.or fire vrick, « gene- sl € guation
for the specific heat of the minersl metter &t any terperste
vre (tﬁc;)’is given by:- | | ' |
Bpeific Leut = Co225 + 8 X 16 “Beveesasccosnrenrses(l)

como ﬁiffiéulty is Pfound in errivine «t & figure for
kérogen; dowavar, when cémpuroQ with gemi~coke and coul,
en incveuse in Specifieiﬁeut of C;CS pals.fgrm.'may be ex~-
pocted with & tonporcture risz of 40C“C, &n3 the Tollowing A
genorul aquation 1s sug ested:~
3zeciPie devt = G338 + 1425 X 10 teveseencneracaas(il)

As,torbcnite'boginé to @?om;caa &t me.sur.tle velocity
ovar 250°C,, esguutiin (4i) is only epplicuble over &
limited temperwture runge.

Combininz eguztions (1) end (11), tke following
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" equation gives the specific heut (cg) in terms of ash con-
tent (£%) end tempercturs:- , : .
Cy = 0.338 - IUU<0 115) + 1.25 x 1074¢(1 = .0035)...(111)
For torbunlte contuining 208 ash
' s;eoifio Heut = O 32 cals /grm. from graph, ohserved between
20°C. and 50°C,
= 0.34 0&13‘/grm. calouluted from equ&tion.
| - (111) at 200°C,

) Lrhermul Bxpunsion.,

o At the ovtsat 1t is necessary to ditferentiata botween'

' true thermal eprnaion and swelling. In order to meke
tbia'statement clesr, the behaviour of & strip of torbanite
mey- be triced from subwero temperwtures to the - point of de-_

'.? - composition. 48 the temparature increases the torbhnite
"expands in the normal munner, with & coaffieienﬁ of‘expan~
sion:similar to mosﬁ bigﬁly polymeriaed suhstahces ebg."

;j Bakelité. Wben wbout 106°Ca 1s rauched there is usually |
‘u suddon change in the continuity of the expansion and this
tatparuture possibly correspondsato the seo¢nd ord r trunsg- -
ition Doint. :Tbe seeond-order-transitién?point'is exhibited
by most high polymers and 18 the femperature atfwhich many
pﬁ&sictl propart;es'Show an’abrupt change in contimuity. -

This change 18 ceused by the polymer Ceasing to:&ct &s &
rigid solid end tending to exhibit rubber-like cheracteris--
fics. No allowsnce has béeh‘made for the second~order-~
'tronsition-point'in this work, 8 from~the neture of torﬁa&
.- nite it seems reasonable fo assume thot this temparature

13 outside ‘the tempenuture limite of the determinstions
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(cp.vaecond-crdor—transition—point of‘polyetyreno = 82°C,)

At tamparaturoa in excess of 2C0°C, the tem expan-
sti»n loses 1ts meaning when upplied to torbenite, und 1t
1a_prefargble to give the term "swplling" to sny further
increese in diﬁensions; Botﬁean 20°°C. &ant the témporature
‘of;decomposition there is a more-or-less regular'BWelling" |
until &8 point is reached where it 1is 1mpossible to messure
sny furthar increuse, owing to the softening of the. mute-
rial. ceused bJ 1ts deoomposltion. _ )

Dulhunty (16) hes recorded the fact tbat there is &
parranent deformution of the torbanito when it hes been hea~

ted at elevsted temperatures. and then cooled to atmospberic

y conditions. " He tinds that there is en 1ncrease in dimen--

sion normel to the beddiing plano and a decreaso parallel to
tbe bedding plane.- Dulhunty 1ntrodueea scme eonfusion by
fgiving tne term "axpanaion" to ‘apy increadse in length be tween
?atmospheric temperature und 50C°C., when it is obvious thet

, ut these high tenperetures deeompoaition is takine placo

et a ropid ruate, anﬂ true thermnl oprnsion osnnot bo '

' -meesured - 'swolling' would be u better trm in this cage,

"nowever, it must be remembered thut this awelling is a
propertJ of the organic portion only. &nd thet poor speci-
mens will show this phenomonon onLy to & small degree. In
'rieh s&mples the awolling tukes pluce with conaiderable

forc,,being sufficient to opcn u small conteiner, e.g. &
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tobscco tin, f the chsrge 1s'wall}pabkéd.before hesting.
In order tp determine acéur&tely'thc true coefficient

of thermal expansioh of torbunite, it was decided to cool
the torb.nite from & given fempermturé; rathef than to
 hest it, W&ith this end in view. ';n.unparatus WeS construce-
ted by which the dimensions of & standurd block of torbs-
. nite could be megsured ut atmospheric conditiona and also
determined &t the temperatnr;'of solid ctrbon dioxide
(;7896.). -Thé gyparatﬁs is shown diagrummutically in Fi-
gure 1. Thus it may be éeen'that thevch&n"e in dimensions
is measured over a temperature raenge .where no chemicul
y change would ocour.

| The apparatis was construoted of Eyrex glass and f1-
brb-cement, sll Jointsvbeing mede rigidly, The outer
| caéing wus of Pyrex glass and phe four @aarings. (g), (b),
~(e) and-(d)‘ﬁere of i[§" f1bro~cemant, turned on & lathe
so_és to £it tizshtly inéidpfthe'glasa tube. The mouth,
(M),.Qas blown in the §ide of the tube and wes closed byv
‘a cork durtngbdeterminatione.' Tyia cork c&friea avtoluene :
 thermometer. Rods (R) gnd'(Ri)vwere'of 1/4" fused quartz,
| and wors kept pressed sgainst the test pieée (T) by two
..rqbber hands,,(nqt showﬁ) attaéhed to hooks fused to the
uppuretus, The test plece wus supported in the sentre of
the tube by & Small.platform.' The whole upparetus wes
legged with flannal cloth.. ' a
, The experimsnt wes commenced by nlacing the test piece
in position end ullowing it to stund &t atmosphoric tempera-

ture for us long us convonient. The distunce botween the



remote ends of the quartz rods was mcastred, by meuns of
" & 6" micrometer (Sterrett No. 226), und the terparcture
of the thermometer noted. By plecirg & stenderd inch
test-block ;n‘place of the test-piece, the dimensions of
the torbnnite could be ottuined. Following this, the
cork wes removod from the mouth in tha tube &nd powdered
. solid,carbon dioaide~("dry ice"), wus paured into the
va8sel through this mouth, end packed firmly in plece.
The cwntraction of tho test block wus me:wsured and the
'finbl reuding ta&en when equilibrium was obtuined.

Lny corre tions to be applied to allow for ﬂontrae-'
htiona or the class, quuartz ete, were found by substitu-
ting & rod of pure silver ror the test pieen, ani repec—
~,ting the experimcnt under the sume conditiona.

| Blocks of torbunite were eut- from specimene of each
.of four‘deposits, the fuoes of the blocks baing cround &s
'négrly puruellel us possible, i smell merk wes seretched
on'tﬁé céntre of each fuce to show the plane of bedding,
| The d1mensions &t two *omp=rutur 8 were oltuined,
- &S sutlined wbovs , &nd the coefficient of thermsl axpun-
,sion between'tetpercture intorvels of -veéc. end + 22°C.
obtained by this mewns, the results baing skown in Teble

9 below;'

61.
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Table 9 .

_Thermal RBx:ension of Tofbanite

Parallel to Bedding Pl&ne.

Imculi*y Dimensions (ecorr.) in inochkis Coefficient of

. .at ‘ Rxpsngion
_ -78¢°C, o .+ 88eC, X 10
Wollur 1,166 . 1,176 85,8
- Glen Davis 1.393 .. ' 1.403 : 72.8
- Cooluway 1,425 . 1.428 91.2

Murangeroo 0.387 0.391 102.8 -
- Normsl to Bedding Plane o

Woller - 1.148 - 1.156 69,7

‘Glen Devis 1.028 1.036. 77.8
Cooluway - . 1,188 - 1.167 777
-Marangaroo - 0 540 o 0. 545 o 92.6

- Thus 1t is seen thut the. coefficient of sxpension
varies with the richnees of the semple and reaehes & maxi-
mum of about 105 x 10~ -6 tor pure kerogen, ~ 8 rigure very
similer to thut shown by solid peraffins,

of expunsion
The difference between the coafficienta/in & direc- .
'tion norm&l and - perallel to ‘the bodding plune is explained :
if one be&rs in mini the microacopic structure of the

materi 1.

Thermbl Conductivity,

The axperimental det*rmination of the thermal . conduc-
"'pivity of torbanite,was unsuccessful endl no reliuble dctu
wore obtained., The muin reason for the lack of informa-
tion wes th1£act thet serplos decomposed on the heuted

faece,
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Experiments, using the radial hest flow method, were
unsatisfuctory but results indicuted thot the thermel
conductivity of torbanite liss somowkere between 0,0004
und 0.CCO8 culs./cm. /soc./°C,/cm. thickness,

Heat of Combustion.

The»heat of comtustion of torbenite veries with its

trichness', us do other properties. end it will be shown

that the gross heat of combustlon or the pure organic mat-
ter ia approximately ;9,000 cals./g:m. of kerogen.

“The détefmihat;ons?wera carried out in é Pars Oxyzen
Bomb Calorimeter, with éimple jacket (contrist adiébatic'
Jucket in leter work.) The overating procedure was thut

given in the British Stenderd Specificetions, &s outlined

in "Methods of iLnulysis of Cosl wnd Coke--iIx, Determina-

tion of Culorifiec Velue", but with the following modificu-
tions:- | ; : | |
(1) The- bomd used was the two vulve self-seéling.?arr
Oxyéen Bomb. |
(11) The platinum«cotton 1gn1tion sys+em was rapleced
by & spaciul ‘Perr fuse wire of known haet of
combustion (2 8 oals /cm. 1engtb). |
(111) The - cooling correction used wes not thut ‘of
' Regn&ult-Pfaundler but that due t0 Dicainson.
(iv) i smeller smount of water wss used,

.Corrections,

Calorimzters using the simple Jucket, even though well
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‘ - insulatsd, uslwsays need some corrections when sccurute re-
sults ore required. The foilowing corrections were wpplied
in the present work:--

(1) Secule Correction.

Rutionul Physiocal Labérutory corraction fuctors
for errors in Thermometer culibrution, thermome ter
No. 364AW 196 NFPL37; étandardised immersed to
reading". Nb:correctioh w.s mede for emergeant

stem,

f(ii)Radiatioh correction.
| _To_aééountztor heut leskuge from the contents of
the culorimeter to the surrounding mtmosphere.
: ,These.wefe tuken from +he results éf Diekinson,
: pﬁblished und-r £.8.T.M, designation D271, &nd
were recd from nomographé‘putlished in Parr-Bul—
latin Ko, 117. |

teid Correction; In the determination of heet of combus-~

tion the combuation of organic matter takes place in an
atmospheré'of oxygen ﬁndé: pressure, and undar these.con-
ditions,fuppreeiuble gmounts of the sulphur and Aitrogen
_ compounds ere oxidised to,tﬁe'oorresponding scids, There-
fore, corrections have to be upplied to teke in this effect..
The correction to be applied in the.ouso.of the'nitrbge;
‘compounds 18 the h»at of formstion of aqueous nitric scid

snd corresponds to 1,43 calories par ml. of N/10 scid,



Tha sulphur eorrection i{s wrrived ¢t by ded oting 28,5
culs,/grm, Yor such 1 yer sent of sulpkur present in the
sumple, this reprosenting the ditforoncea totwaen thre
hout involvad by oxidution of the sulphur to sulphur trie
- oxide with formution of dilﬁte sulphuric ecid, ond the
oxidution of the sulrhur to sulyphur dioxide,

Correction for Mise wigg;' Ly deducting the emount of un-

burnt residuul fuse wire from the origin.l length. & core-

reqtion of 2,8 culs;Zam.~1ength of turnt wire is‘npplied.A

Jater Tynivelent; - The wuter aquivelent of the culorimet-
ric system wes dotrmined by thke comiustion Of 3D, '
"t ralir? Zenzoic seid,

S1x 1ytorminetions waore cwrried out end ths rosults obe

tuined wre given in Tudle 10 on the Tollowing puie.
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Teble 10.

Heat of Combustion of Torbaenite.

Parr Bomb K°, BB93
Thermometer N°. - 3196
Trherometer Range 0 - 50°C,

Neter Equivelent of Culorimetsr 484 grm.cals,

_'Experimental Results,

Sumple No. . 164 14 184 23 - 20A 51

Wt., of Jemple, grms. 1.5385 1.9654 1,3667 11,1894 2,06C5 2.1000
Initiel Temperuature °C, 22,29 256.19 23.12 28.82 25.18 26.26
=% True Initi.l Tempers- L
ture ©C. 22,29 25,20 22.11 28.85 25,19 26.28
Fincl Temperature °C, 27.14 31,17 26.,2850 30,64 27,80 28,24
= True Finel Tempergture,

c. 27,12 51.20 26.27 30.68 27.82 28.26

Corrected Tomperature '~ = o e
aise °C. C 4,83  6.00 2,96 1.83 2,63 1.98
Mess of Weter, grms. 2000 2080 2173 2005 2005 2003

' Total Wbtef Equivalent : , .
' . grm.ceals. 2484 2514 - 2657 2489 2489 2487

‘Potul Hewt Liborated,celsl2023 15084 7863 4055 654¢ | 4924

Corrections: Sulphur - 10,8 13.4 7.3 8.4 14.7 1l.1
Fuse | 5.5 19,6 10.1 3.9 37,0 39.2
f;cid a 1.4 11.8 o 2.4 1.6 3.0 7.5

Net Heat Liborated,Cals. 12007 15039 7843 4541 6491 4866
Hest of Combustion(gross) 7804 7652 5738 3819 5150 2817
Ash # " " 21.1 22.2 44,0 59.1 61.5 76.2

== Trnc.Initial (or Finsl) Temper.ture outained from Initisl
(or Final) Tempersture Ey adiing secele correction end raedic-

‘tion correction.
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A graphiéul interpretution of theéevreﬂults is shown
in greph K¢, Z; the dotted portion of the line indic:ites
the extrupolstion to zero ash content, snd it cun be seen
that the valﬁe of;tha heat of combustion of pure kerogen
‘is approximatelyllo.ﬁbo cule,./grm. .

: ItAit is assumed thut the ultimate &nelysis (from
- Tuble 13) of kerogén is given>by:- '

Curbon .= 84.2
Hydrogen = 11.9
Sv lphur = 1.0
. Ritrogen = 043
Oxygen = 2.6 (by diff )

the caleuleted hsit of combustion 1s 10,680 cils./grm., &
figure very similar‘to'that of erude oil,
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"E24T_OF WETTING" OF TObRNITH.

The physioul st ucture of torbunite snd the neture of
its ofigin would 1ndiceta thut torbunite possedses & lurge
intarhal pore surfuce, similur to th.t founl 1h~eoel.

48 in the cuse of cotl, the internsl surfece munifosts
uAitscif in «n exothermic resction when the solid is "wetted",
The "leut of WQttihg" is, threrefore, the energy»chanfe wkieh
occurs'wren the solid-vuecuo interfsce in the pores is re-
plb“ed by & qolid~11“uid 1nter ueo, ena tre }aut ovolvnd
is & nau=ure of the surfuco wrau of the muterial. The exuct
‘truns)ation of the umount of heut 1nto terms of .rou trtted! .
. i3 Lomewhut unsutisfuctory, but the rasules give ¢ o0l fn-
‘d1e.t1:n of thre porosity of the_material-unﬁer invostigation;

From the raults of Fusgs:(el). it mey Le assuned that,
for coel grarhifo &nd chbrcoul. 10.8 a@uure’metrws of inter-
n.l pors .reu is requirod to produce one calorie. ond this
figure will i : teken 1n the studly which follows,

Torbinite from Woller wus uaeﬁrin the oxperiment, the
detuils of which &ve &9 follows:-

The c.lorimeter consisted of & smell veeuum flesk oo re
- rouniad by.a.shermosiaticully-aontrolled viuter beth, the
temper.tiire of which could bo muintuinad constunt ¢to within
t 0.Ci®F. The terporuturs rige. wi.s meusured by u precisi:n
culorimatar therrometor @nd telescope cupadble of re.ding
to 0.C2¢F,

Tho 8erpla wus fine;y powdered, dried cnd then outgi.ssed
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. - under & veouum of 10 - mm. Es. The ‘stmple, btefore oute
: ‘ge591ng, wes pluced in & smull gless Lulb which wes sesled
duting tre fidal stg;es of the evgauution,ﬁreetment.

' Vﬁ Th> seriple wus pluced in the vecurm flesk which con-

- tuined Q'stirrer. anﬁ rethyl o 1oohol, the cork end t“ermo- _

’ moter ware plucdavin pesition.end the whole allowed to ,

' comé‘td thermel equilibrium..'ﬁfgzr equilibrium hed been
4attained.:the Lulb wus brokonjin:situ &nd any rise in tom-
pefbture-nbtéd. 'Correétions‘ﬁgro m&de'for radistion losnes,

: énd the velves'obtained aréfs?own below; il3o included in
ATuble 11 wre. the vilung of the "Keut of dhtting“ valculated
from tbe ter#eruture rise und tre ;uter equivqlant of the
culorimeter (34 oTm. cals.)

‘ - R Tutle 11. | -
o | beut of Hbt*ing of Torbunite.; |

'_ Tiﬁe(mins.)A Tamyargtpre °C, (corrected) Cals.[&rﬁ.

o . 19406 . . .

6 - S 19,16 o T Sed
.8 L ' 19.18 4.4
10 co : 19,21 : R Sed
12 -19.,22 . o H.8
4 19.33 : N TS §

The dwet of Wet*:ng. aotermined ny exn8”1ment is 6,1
cals./grm.. ?rem w*ivh & velues of 66 m /grm. is obtuined
for the intern:.l surfuce of torbbnite.' The vulue of tha
Feu* or detting of torbanite is v rd low wren compared

B with.simllur substunces (Tuble 12). snd althoubh repouted
.‘- - determinutions geve no highor velue, 1t 18 felt thet the
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k excorircntbl rwau1+s ure low. this may be eaused by the fact
':'that the Vuauum treatment Wa g not suffieiently rigorous.
'TSome authorities stnte thmt & vecuum of wt lewst 10 mm. -

Cis neaeesury for ¢onclusive results, howav#r. 10° -mm. wWa i

the b st veou'm th.t could b obtiined with the Lveilutls .

equiiyment, -
' Tuble 130 .
y Hoat of wetting of Vﬁrious Substences.
Snbsthnca. .. Heut of Wetting.
o L | cals,/grm.
Suger Charcoel.v_!' C1leb “
‘Animul Chercoul 1746
Letificial Graphite 2e2

" Coul L1640 = 1846
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or-ricAL'I:ch ZRTIRS.

g_glour.

Lli}torbanites so fer éxamih&dJVbry from grey to bluack
by reflected light, and fromforgnée po red by transmitted
'light.' Different shades of greaniéﬁ grey, bluishﬂblaek
. ete, huve been deserib:d from time to:time‘ﬁy,vuricua
?3yr¥te§s.'bu£ these vazue tefms aze,oniy arbitrsry sube
divisions which muy be intérpretgted_as the oﬁéerver gsees
‘fit;'although some times a,broﬁnish,hue is definitely ﬁppéo
.rent. Ganefally speékihg,fpoor‘ﬁorb&nite is gréy; and,ﬁhe.
- célour deepens to gioasy blagk in,rich}épeeimens, The
'e§tramély'rich iéné‘in theywqrangarOO deposit is en exéep;‘
i.tion tq the abo#é, the newly»expoéea'surfscé beinxrdeep'
green hy-feflected:liéht. From this obaerVution ohe‘may :'h
'1nfar thut the colour of tPe puae organic matter en masso.
is dark 5reen.
| Powdered torbunite alwa)s showsva lighter colour then

the bulk specimen, end the powdefod sumple (100ﬁmm)\frém ’

" the Maranguroo deposit mentidned aono was a pule yellbw.v

B transmitted 11ght. torbunite sprewrs dbrk red in
comparutively thick seetions. but ‘the colour grooresaively

lightens to y2llow s thinner sectionq are viewed.

Ef’ec* of Hrut on Colour,

- I8 the teﬁperature'ot a plece of torbenite is reised

the»eolour.darkens;,finully bscoming bluck, This effebt
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is not due sntirzly to phJSiéLl reacctions,ss sbmplesfheated )
in vacus showed less +endency to darken than samples keated
in tke wtmosplere, If the powﬂered samyle iz reuted in
the precence of wir, the u por portion bocomes darker
bofore the lower lavels, wmd this rewcticn 18 sccompunied
by the ebsorption of oxygen, showing ihut some chemical |
chun e 1nvolving oxidaticn is oecurring. |

Tho proaoent writor dishgrepa with Dulhunty's atute~
ment (16) that "In 3aoh_daposit ons c¢olour predominutes«
indepeniently of vrribtidns of gutlity or te’ture“d‘for'
the colour is JO mueh- & runetion of qualitj, and the per-
- sonul error is so reat 1n distinguis?in& minute v: riatian'
of hie, thet it is well nich’ 1mpossible to upply colour &8
a eritorion for tie ségaratian ét'dne &epoéit from.another.

Iustre.

fustre veries with the smount of organic mgtﬁer in
the torbenite, sumples with u lerge emoﬁnt of minsrel mut-
V'tnr possessing & dull, hon-shihy lﬁstre with & géained'"
eppesrance; while & rich specimen shows'ailnétre which
has bteen describod Vb:iousiy_as "s1lky", "resinous” or
"suting". A4S lustre deponds on tha nuture of thy reflec- ; 
tin;: surfuce this mewns, &s might be expected, thst poor
semplos breck with & microscovica1ly~irregu1af'surfuce,
uwnd rich seryles, when frictred, lcnve‘the axposed sur-

fueos smocoth,.
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Refructive Index.

The refructive index .f rich torbenite 18 wpiroximutely
1,043 (meusired With & Beusch und Lomb Refructometer - :bte
type wnd using white light). Dulhunty (1) records thet
the refractiﬁe 1ndex uf gelosite (the prineiple constituenﬂ
of Torbunite) veries betweenlthe limits }.536 end 1,55C,
while otherAconstituanté heve rofr.ctive indioces bétieen
1,625 snd 1,545, Other optical phenomens suckh as. optiuul -
sctivity huve not heen.invasti sted, but Dulhunty, (loc.
cit.), has reported thut celosite is anisotro ie with re-
gerd to light. L |

Tﬁe épacific refruction equals 0. 533. :uloul.ted from
n = 1,04, specific grufity = 0,972 and Lorenz-lorentz for-
mula. |

Fluorescence.,

Torbenite is ‘chura: terised by a distinct golden-yellow
,fluorescence. when eXarinod under ultraviolet radiation.
Coal and qannel,-on the other hend, have no observable fluo-
rescence and this 88rves us & useful_means of sepsration .
of thése materials.“xxéminbtion of Qpecimons undsr ultra-
violet light eneble§ one to distinsuish éleuriy.‘véins of
'non-torbanite matter in semples, snd it 13 irteresting to
note trkat even the richeat meterisl, which uppeérs perfecsly
homogeneous under visible light, shOws smell streaks of
canneloid or eoal when viewed in ultre-violet light,

The intensity of the omittad rudistion decracses with
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thé weuthering of the sumple and newly fructured surfuces
‘are hoticeably}mbre f1uorescent than thos§ which heve
been in contuct with the ctmosphere for even & few duya,
Tre distinction between the visible fluorescence of tor-
- banite und the inuctivity of céhnel end cocl must be con-

nected with some fundaméntal dif’erence in structufa.“.
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Z~RAY DIFFRLCTICK 3 ATTERN OF KTROGEN.

The X-rty diagrsm of kerogen, using the ‘'powder!
technique is & hulo-puttarn, chéracteristic of neerly-
smorphous substences end of mesny high polymers, both
nutursl und synthetie,

The disgrums wéra.taken in_colléboration with the-
EJM.C. Resesrch Luboretory, Melbourne (to whom scknow-"
'lédgement is made) snd & reproduction of the pattern is

given on the nsxt page. Alﬁhough X-ray methods of angly-

8is of higl polymers leave much to be desired, three im-

portunt deductions mey be made from the rosults of ﬁhis
method when spplied to kerogen.
(1) I% excludes the cogcepﬁion thet kerogen is
composed of bighqmolecularfweight paraffin
 waxes. Wsxes give sharp rings, especiully
one at 4.6%, which appeers to be the mean
effoctive diumeter of the molecule,
(11) ;t places kerogen smong polymers such &s
plustics end synthetic rubters which give
indistinct emorphous rings.
(111) It indicstes & more-or-less rendom distribue
tion of the purticies. although it shows
‘that most particles are about the seme size.

In addition to the photogreph, thera appeers &

photometric curve, The psttern was measured with & Hilger
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ﬁon-récording micro-photometer, and on the gruth the gal-
vanometer'deflection-is plotted wguinst the wi.ve-lengths
in Angstrom units, the wave-lengths bsing calculuted by
Vmeans of the Bregyg eyuation und the linear displ&cemént.'
| of the rings us read trom the phatometer. ,

" While the photeraph revesals only two distinet 'halos".
et 15.8% and 5,08, the photometer shows deflection steps
at'3;062, 2.543. 2;093. The perticle size is 153 éaleu-
luted from tha;Dabyg»Soherrerfequbtion. viz.,

| “ ps:C?}/’é cos 6. o

Where Bg = angular broadening (in redisns) st
’ - half intensity.

§ }? edge lqngth'of'crystellitg¢“”
= 'ﬁave-length = 1.787 8
S ' Cobalt
0. = Bragg detr&ction angle.'
c ;2 Constent (0.94 (Scherrsr))

' Rédius'of-oamera = 28,9 mm,

As & detuiled axaminution by means of X—raJs is out-
side the scope of this work,. no attempt- wes made to cor=-
rect the caleulations for background scaftering, moreover,
. us. & perticle size estimation-in_the case of lodg;chain
polymers. is subjeot tb many eriors, no useful purpose woﬁld
. be ser%éd in eitendine ﬁhe caleulstions, ,

The photometric Ypeiuk! et.lé.sz pBobebly measures the

gvérega cposs thickness of the moleoule &nd this is supported
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by the purticle aize estiﬁation of 15X, The lettsr resulév
i3 likely to be a unidirsctionsl estim.tion becsuse of
the elonguted shupe of the molecule. The spucing ut 54
would uppewr to be the distance between two long chainé
end is t§ be compured with the interplunur spacins at 4.64

found in pureffins,
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BLZCTRICLT, PRCYIRTI 'S.

Torbunite wcts as e¢n inéul&tor agyiﬁsﬁ electric cur- o
rents, the alectricsl reasistunce of rich torbunite (6%
'.&sh) was 645 x 10° ohms/cm.s; me&sﬁred with & resistunce tes=
ter, empld&ing sn E.M.F, of Socf;olts D.C, | . |
Tha specific inductive cupscity is upproximately‘é.s,:
dete?minéd with a General Radio'Corporation impedancé
'Bridge‘  Becuuse of the nuture bf*the test, the falue of".
' th@ S.I.C.‘siﬁen above shOuld'bé'aacepted as'mérely an -

indicatiéh of the figure involved,
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CHEMICLAY, YROYERTIES,

INTRODUCTION.

The results of the preeeding soetion ‘have demonstra-
 ted the salient physical nroperties of the Australian
‘Torbpniteﬁ The physical properties seem to indicate
 that the underlying strueture of Torbunite kerogen is, or
'~ reaembles, a.hiohly polyﬁnriéed hydrocssarbon, with sulphur,
oxygen and nitrogen playing small but 1mportant roles; in
the present section. this theory will be rurther subatan-
tiated, ) '

The greut difficulty é;mountered‘m the chemicel
A:treatmeht agd snalysis of tqrbénite is ceused by its al-
moat édmrlote inertness té ch#mical reagénts,. It éoem
thut tortanite is sttacked only by those re&:ents which
so destroy its chemical structure thet very l1ttle of the
voriginal configu;gtiog ia_reoognisatle,vhowever gome hopo
btIfihul'eluoidatién-of'thfs prdblem comes with the use
of alkuline potuesium permanganata oxidation..

One inherent &itfieulty in the an&lysis of kerogen
is the removal of the 1norganic portion of the torbanite
"while leaving the orgunioc matter in its originsl form,

Up to the present, 1ittlé susces8s has be@p obteined by
dissolving the minéral patter ﬁith successive treatments
of hydrochloric and hydrorlﬁor;c gcids; furtrermore it
‘seems doubtful whether this method is without oriticism,
1naémﬁch as some stteck on the kerogen would be expected.

The sctucl structure of kerogen is still & matter
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of enquiry «nd,up to the uresent, incormution on this éubo
Jeot hus Leen very rare. Most of the sveilutle informution
ep.erfains to 01l shiles, ss distinet from torhunita, tut
there seems little rewsson to doubt th.+ the funiementul
structures of LOth ure alike. _

From the chemiccl point of view, torbenite me) be
claaéifiod,as en acphaltic @yiébitumon. Asyheltié Ly ro=-
‘bifnmené mLy be &érined &8 nsturally acevrrinr substanc s
of Qurk- colour, com sratively berﬂ. naprly ineoluhle in
organic solvents. They are compoaed mainly ef rydro~br-
bons and Lre nearly ?rae of oxygen. They aro uvsuully asso-:v
oiuted with minersal natter uni the. srgunic portion does

not melt, Lut deccmpoases vn hesting,

ULTIMATE L2 LTL3I3.

Ultimete enclyses of torbenite srow « C/H retio muokh
. lowsar thun thut dfch&l; Sut aimilur to th@t of crude
retroleum. ,Se#ar&l ultimete anulyses-;re given_in Tuble
13 following, &nd &1l results huve been.tukeq fr0m tho
'driginél literuture end tkenl~alcvlated 40 & dAry aah-frée

(Desa¥e ) bi:SiBo
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Table 13, .
Ultimbte Acalysis of Torbanite Kerogen,

Source Carbonj H,ydrogén % NRitrogen % Sulphur % _Dx gen(by Diff,) C/H Ratio = Ash # o'n"original Authority.
Marangaroo ‘ 84,20 11,93 : 0.31 1.02 . 2.54 7 .06 a 1.9 : 48
Joadja A - 80.60 12,90 . 0.33 0,30 5.87 6.25 6.55 14

Seotland ‘ ) . ‘ R . e S . _ o
Armedale 80.52 - 10,13 S 0.77 T 0.34 . 8.24 7.95 - 18,38 . - 59
Pumpherston =~ = 71.78 = 10.11 - 4.54 0.25 - 13,32 7,10 7 5,00 . 3%

S. Africa : . " ' : o IR ' "/,’ -
- Transveal S 80.15 .  10.40 1.05 - l.38 | 6499 ' 7.70 27.26 _ a7 .
"sustrelia ' ‘ ‘ - | - R ) - : | PR
not stated = 82,53 10.13 1.¢5 0,56 - 5,13 8.1 22.96 - . B9 .
not stated - . . 8l.85 . 10.28 0.81 . 0.66 . 6.40 7.8 - . . 27

o | Other Substances., o : - _ - - ,
. : S 13.74 : 6.94 -— 78
Balkash Sapropelite 73.76 10.61 0.56 .. 1,03 Co : o PR

. - | | 5.5 . 6.44 R— -
~Scottish Shale 80,5 12.5 l.2 0.2 "11.8 (+Cly) 8,33 . S 38 -
Kukersite , 76,7 9.2 = . 0.4 1.9 6.0 15.64 4,9 65
Bitumenous coal 86.0 5.5 2.5 (+49) - 1.20 6.61 7 S 5o
Crude petroleum 84 .00 12,70 l.70 ' 0.75 ‘ . o -

One of the outstanding features ‘of' Table 13, is the uni-

.-form‘ity' of comp'osition shown by the pure kerogen substance.
It i‘s granted that both sulphur and nitrogen (and therefore
oxygen) éhew comperatively J.arge ranges of variation, but
sulphur and nitrogen sre only present.in such small quen-
tities as tb have little effect on the analysis &s a whole,
' é‘specially when it is remembered thet these two elements
have larger atomic weights then the other determined ele- .
ments' (oxygen found by difference). 'Converting ‘the ulti-

.mate enalyses to an atomic basis, it.cen be seen that,
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teking the first unulysis as én_ek&mple, a moleculs of
sulphuf'oocﬁrs 6Aif onoe for ualout f&ur hundred hydrogen
atoms, or two hundred snd thirty carbon &toms; hitro.en
oeéurs,oven less, and the exasct role offthesa two elements
is somewrat problematlea |

The nresenoo of thiophenes and heterocycltc nitrogen
comgounds in the crude oil in no way proves thet those
'twb'élementa sre present in rfnglstructurosliﬁ the origi-
nsl substanee for just &s earbocyclie ecmpounds may be -
f formed by rlns cloaura under seveyre oreckin* oonditions,

i ao heteracyclie aompoung nuy be fqrmed under similur con-
ditions,. | | -

Thare saems to- be ‘one 1mportant difference tetweon
the combinationa of sulphur and nitrobon in that hydro-
gen sulphide is among ‘the initial bases to be evolved -
during torbanite pyrolysie, whereas ammonia onlJ apzears
Aduring tha flngl st&ges of- dacompouition. Thus 1t Gpro&ars-
that some sulphur atoms,_at lecst, sre vory loosely held
while the nitrogen (fonming EHa) is rolaused only ut
high tenperaturea. ' ’

| For the purpose of oxplaining its gen@rdl ﬁhemical
at:ueture 1t may be assumed that the kgrogun molecule is8
f' eés6ntia11y hydrocarbon in composition ani the nearest
approéch to the pure-netﬁral'aubstenee is thet describad
by Cene (109, the analyﬂis~éf3whiéh appears at the top



of Table 13, The csrbon/hydrogen rutio of this meteriel
is 7,06 snd, neglecting the oxygén. nitrosen &nd sulphur.’
‘its empiricusl formule is upproximetely (CqHyp)y or more
exaotly (cnl.VI)n‘ The C/H ratio distinguishes the struc-
ture of kerogen from thut of cosgl, fhe latter showing a
more bonzenoid craraoter.
o ‘Yreviously it was supposed thut; ""he low hydropen
- content in an oil shale Las been stuted &s’
& reason for the umususally hisgh percentage
of unssturates in shale oils., It is exulaired
~that the kerogen or oil-yielding muteriel of
tke shele does not contuin sufficient hydrogen
to produce satursted compounds with & portion
of the earbon in tke hydrocarbon vuporisod
during the pyrolysis of the shale™ (67)
Actuully,'it will be seen that this staetement requires
quulifiestion, in visw of results shown in this treutise
(see Section III). | B |
- If the decomposition of torbenite is, as it must bde,
regurded as & crucking reaction from start to rinish, then
no nmetter how ssturated the primordal substance, the pro-
duct will ulwuys bs less scturated, Tris stctsment mey ho_
'fol}owed from the point of view of the simplest splitting
roaction, A‘ |

Cpfop +. 3 —> c'g Hn +2 + CuxHp
z

 puraff1n > . paraffin + olefin
Therefore, Fokee is correct in stuting thut shale oil is
sompsrutively unseturuted, but it does not necessurily

f0110w thut the rauson for this 48 the low hydrogen content
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of 0il shale. To illustrute this point, sn evarydey ex-
ample muy be teken, e.g. in the commeroiul er.cking of a
pure parsffinic stock, The resulting crucked product is
about 30% unaaturatéd, earbon is found in the héater tubés
und resction chumber, snd & csrtsin smount of free hydro-
gen in the stripped gases.._This fuct slso eipluins why
slow gentle retortiné produces & more setursted oil then
-rapid treatment, for, in the former case, the cracxing is
1ess'sevare and consequently thére is leﬁs tendency for
eracking of paereffins to yield persffins and olefins,

Thus the presonce of free carbon in the retort resi-
 due does not prove thut the kerogen must be regarded &8 un-
satufate@. «8 such, «nd in addition,it i8 obvious thut for
_‘extremolﬁ camylax‘sgbétancos,auch s ksrogen,sinjle nomen—‘
‘elature is nof sufficiently sreeific for use withoutisgmg |
quelificstion, An =pproximute detsrminution of oil Fie1d
mey te made from the C/E retio snd emount of asn cnntained
in the shule, but &3 retorting teohnique pluys such un ime
‘port.nt purt in sny oil aaaay.fany informetion on 0il yiold |
gleaned from C/H rutio. would hnve ltttlo,yrebticn; epplica-,

tion without further qualifyin; ihrormation.
|  One objection which might be razqnd nzainat these re-
murks is thut the spesific gravity of 'a shule cilvdoes not
 yury very rueh from start £n Pintsh of a/?oipftﬁnk operction;

-this muy';éjéggnffrom Tuble 12 below. in thya‘¢ubre specific

gruvities of 01l semples collected over/éﬁdﬁeségfe retorting

Fa
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‘ tempers‘ures sre tubulated &guinst the temperuture runge
' | a3 meesured in the shale mass.
Table 1l4. ‘
Tempsruature Range of : : Specirie Gravity

retorting ‘ of 01l at
oc. . zoec.
- 450. } 0.88
4850 ~ 470 : ' 7 De89
470 -~ 480 ' , ' 0.89
480 - 490 ~ - 0.90
490 - 300 - o 0,90
6500 -« 510 _ ' ‘ 0.90
510 - 520 o " 0490
520 « 530 o C.90
830 - 540 ' 4 0.91
540 - 550 - 0492
550 « : : :

This uniform gruvity mey be expiainod by the fallowing fuots:t=
| | (1) the o1l is truly uniform with reg;rd to dénsity es
. _ | the re torting progre sses _

(11) the effect of the 1nereaaing umount of lighter
fractions (from the greater cracking) is counter=
aeted by & oorresponding .increase in the amount
of heavy residuum produoed simultaneoualy.

By analysing the results obtainod from distillations
of the vurious oil sumples it will be shown that both rea-
sons &re pertislly correot, It appesrs thut the oil is
fairly uniform in cherbcter‘aanfhs pyrolysis procesds bdbut
due to e»condury cracking the distilletion renge 1noreases,
.1though the specifie gravity does not alter very much,
These statomants’havevmore det=iled treatment in Seetion

III B, under "Some Fuactors in the Thermal Decombosition
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of Tdrbanite." .

It must be rememberesd, nevortheless, that in & retort
where the oil is lieble to be perluxed over and over &sain,
due to the retort design, the specific gravity will rise,
88 true distillstion will be the controlling fastor.

Regurding tho!deoomposition purely from the point of
view'éyxzyarogen'retio, the percentuge of cerbon ih the
residue 1naioates‘that some portion of the molecule con-
tains eyclic structures, for even though & study of_thc
free energy esquatione of paraffins shows thet tiey decom-
'posevintd.their elements at moderute temperutures, the
recction velocity ut these tempergtures is so vory slow,
that puraffins msy be cracked ot temperutures up to 560°C.,
without eppréciable formation of earbon., On the other
hend, torbanite may be almost entirely decomposed &t tempe-
rutures not in sxcess of 400“0;, giving oil, and & ocarbo-
naceous residue. From this one may infer thut the frepv
| carbon indicates atomatic r;ng—struotures in'a portiop of
the kerogen, _

i veriety of Curbon/Hydrogen ratios msy be éeen in
Table 1%, this table huving boen.inserted for purposes of

compurison.
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The C/H Raetios of Verious Substances.
{from vsrious Sources)

‘Substunce,: ' Ratio (meun)
Anthracite 3led ¢ 1
Coal (Semi-bitumenous) 20.1 : 1
Coul (Bitumenous) 15.6 : 1
Co.l Tar (Paris) 10.8 : 1
Gilsonite ‘ . 8.9 : 1
Crecked Residuum 8.7 ¢ 1
Trinidad asphealt 7.8 t+ 1
Torbenite ﬁaverage) 7.6 : 1
Torbanite Marangaroo) 7.1 ¢ 1
Shale 0O{1 649 ¢ 1
Petroleum 66 : 1
Anthracene 16.8 : 1
- Banzene 12.0 : 1
Isoprene 7.5 ¢ 1

- Heptadiene 6.9 : 1
Olefin 6,0 : 1
High Mol, Wwt, Peraffin 6,0 : ‘1
Methane 3.0 ¢+ 1

. Elzeostesriec Acid 7T¢l ¢ 1
. Linoleic Asecid 6.7 ¢ 1
. 0leiec Aecid 6.3 : ‘1

An inspoction of the above table ahowa~thét the
gtructure of'korogen is less erqmatio:thanythat of coal, .
1;e.>kerbgen contains more aliphatio curbon-garbon link-
vges, OGenerally speaking, therefore, it mey be seid that
the'qonétitution of kerogen may be regaurded &s intermediate

betwsen coul und petroleum,
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Yroximste Anslysis.
| In «ddition fo the Ultimate Anulysis discussed in
the rrevious sectiop. there is snother aseay which muy -
be used to clussi®y torbunite, coul ¢nd sllied sﬁbst&nces.
This &i3say is termed "Proximate Anulysis" (the term ap-
peurs to be & corru;tion of "ap,roximete enelysis",and
serves a8 & useful guide.invdetermining the fuel vulue
of coul, shele, torhuhite etc. From the resﬁlts Qf the
Proximete Anulysis, a derived‘index termed tre "Fuol
Ratio" i3 obtained, and equsls the retio of the pefoen-
tugze of VOIatile hatte:’tp'the percentsge of'fixed carbon,
The analyticaiﬂméthod'for determining the Proximate
Analyais is given in detuil in ﬁvatkods in the .nslysis
of Coal ugd Coke" (X8) and only &n 6ut11ne of the method
will _Lc given here;
Moisture, is determined &s percent loss in wéight
" of the semple when meinteined at 108 t 2°cC,
in an inert atmosphere till the sumple
reaches constant weight, |

Voletile Mutter, is determined &s percent loss in

weight of the sample mainteined for seven
minmutes ét 925 & 25°C. The conditions of
the fufnace'utmosphere ure such thet oxi-
dstion is reduced to a minimum.
Ash, the percent residue after oxidising the sbmpie~
. to constant weight in a muffle furnsce.

Fixed Curbon, is the_difreregce betwecn one hundred

end the sum of the results of the three
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, determined faotors.
In the c& 'e of torbunite it is doubtful whether the
volutile mutter should be deterrined ot such & hish tem-
- perature, &s tkis tempqréfure is Pur in excess of that

used in normal retorting bructicq. However, 8 925°C,

‘18 widely!amployad in coul assays it is pe:haps desirsable

to meintsin & uniformity of tecknique. Ono of the widely
used criteris for distinguishihg torbenite .from coai'is '
that the fuel retio of the former should be grewter than

unitye. .
Table 16.
Proximuta Ana_xsis of Torbanita and Alliad
. Substances.
Sample Moisture Volatila Ash Fixed  Fuel ,
. vatter Cerbon Ratio Authortty.
(airf.) _ . _
Torbenite (mex,) 0.3 93.0 2.0 4.7 19.8 ReF.Coq
- Tor.anite (rich) - 0.4 8l.3 10.6. 7.7 10.6 R.,F.C.
Tortenite (me- T ' ' .

. aiuwm) 0,9 67.3 22,6 9.2 7.3 . R.YV.C.
Torbunite (poor) 1,3 37.4 48.9 12.4 2.0 " R,F.C.
0il Shsale ‘ 7.5 - 19.5 67,8 5.2 3.8 .67
Cunnel Coul 3.8 23.8 43,4 29,0 0.82 17

- ¥ood (dry basis) - 80 trece 20 4 65
Coul (5itumenous) - : '

' - (ary) - . 35 5 60 C,.58 65
'[Lthracite (dry) - - 10 & 86 0.12 . 65

._euteq the following points—~

(1) The fuel rstio of torbbnite is grouter thun unity

Visusl wnulysis of the results given in Teble 16 indi-

end for couls the rutio is less thun one. The fuel -

retio of torbunite incresses from unity to na&rly
twénty. Of sixty~one samples with volatile matter
grester than 60%, exumined by Cerne (8) the fuel
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C{111)

9C.

retio wus greeter then 4.9, vhilé tre eighty-three

sumples with volstile me+ter between 4L - 4CF,

hud g fuel rutio in exces: of 2.7,

The emount of minerul mutter does not up.rioislLly
1nflﬁenoa the fuel rutio., This mey be seen Ly
compuring the lrosimete finulysis of Scottish
shele with thut of torbanite, The Broxburn depo-

31ts srow 4 ¢snerul Iroximute Anelysis (moisture-

freea): . :
L Volutile Mutter 259
Fixed Carbon - b%
Ash , 704
Fuel R&tio : _ 5.0

bnﬁ thin anﬂlysis mey Le compsred uith the roaults
given 1n Table 16.

Exuminhtion of meny tnulyses reveuls tre fuﬂt that
thare i9 & strong tonﬂency tor un inereuse of m: 13-
ture with &n increuse in minargl mutter, Extend-
ing this hypothesis, it dons not seem impoositle’

thi.t pure kerogan would have‘practiohlly zerb

" moisture content.

ven in & single sumple it oun Le shown that the

finer purticias contuin tre greuter moisture, i.0.

on powdering there is & tendency for the richer

purticles to resist srushinig. This effect is

shown in Tuble 17 below.
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'Table_;z.
Effect_of Perti~le’ Size on Minerel Mstter.

(2) Semple crushed in roll juw crusher so thut whole

sumple pussed through 1/2" mesh screen.

Size: 1/2" - 1/4" = Yield: 91 allons par ton.
| 1/4" - 1/8" 89 gallona per ton.
1/8" - | ' 86 gallons per ton,

(b) Mines Depcrtment Semple 41/2597 (17)
Sieve Portion (Whole) - 30+60 -60+100 =100+150° -150+20C -200

Moisture % 1,94 1,79 1.90 1.96 2.03 2.07
Voletile Matterf 2,60 26.72 26.10 . 24 .68 22.88 21,75
Fixed Curbon % 14,30 18,50 17.10. 15,42 14,51 13,77

Ash - _ 61,16 52.99 54,90 57.94 59.568 62.41
It slso appears thut the ash from the richor tor-
°bunita ha; & lower fusion point &nd & higher iron
content.. . |
A Proximute Analysis'cénnot.be correleted with oil
yield nor will 1t identify uny one deposit but it will
gerve to indicute possible sources, &nd the remurks made
in the introduction tb the section on physicel properties
are'applicgble“to the results of Proximute Anelyses, The
fqllowing,tablé shows the récorded vurietions in "Proxi-
mate Analyses" of Torbanite, from different sources,
Exeminetion of this table reveals the fact that varia-
tions 1# Proximste Analyses wre @grewt enough to render

useless sny clussificution bssed on these results. However,
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the table does indicate thut certain deposits appear to
have limiting velues end g0 enables certain distinctions
to be ma@e; for e;mmple Wondo, Joadje znd Hartley Vale
have hiéh "Volatile Matter” and this would differentiate
ttese_deposits from, say, the Ilford Deposit. It would
be inadvisable to extend this hypothresis éob far &8 no
deposit hes been fully exaemined, and further exploration
mey reveal richer or leaner, sectiéns of any one deposit.
Graph ﬁo.‘s, on the next puge, 1llustretes the ob-
served maximum’aﬁd,minimum esh velues which r&ve been re-
corded for Torbanité from verious locslities, end fhis‘

'graph further SubstantiateS.the above'remarks,
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Table 18

N
|

Proximate Analyses otf Various Torbanites from main seam Kvarious sources and authorities)
About 230 assays%gken.

o

Locality Moisture Volutile Matter  Fixed Carbon | __ Ash Specific_Gravity Sulphur,

min, max, ‘ min, nisXx, min. mex, mpin., max. _ min, max, . - min. maX, .
Airly 0.3 0.6 47,1 79.9 7.6 23,4 [12.0 36.7 : . 1,116 1.359 0.505 0.906
Cépertee 0.3 0.9 52.3 70.7 7.6 l6.1 12.8 29.9 . 1.129 1,348 0.164 0.54°
Barigan 0.4 0.7 59.4 69.9 7.3 10.9 (2C.4 29.8 1.170 1.256 0.357 0.469 '
Wolgan 0.3 1.8 37.2 67.9 11.2 15.6-- 19.8 53.8 1,148 1.562 0.412 0.53% —--
WOndo. . 0.1 0,7 70.2 75.6 15,6 18.9 ' 8,5 12.0 1.072 1.11) : 0.453 0.642
Mt. Victoria 0.5 1.7 44,6 67.4 . 6.6 213 17.5 37.5 1,146 1.314 0.521 0.809
Joadja 0.1 1.8 ° 52,8 89,6 5.3 25,0 4.6 27.6 . 1,008 1,198 C.384 0.837
‘Marangaroo 0.2 1.8 29,3 93.0 3.9 29,3 1.6 56.4 0.973 1,351 0.243 0.586 -
Ilford 0.9 1.7 19,0 36,6 8.9 19.5 41.8 69.7 - 1,231 1.613 - 0.381 0.601
Ke toomba 0.3 1.1 51,3 79.8 . 12.6 29.8 6.4 28,5 1.050 1.29C 0.524 0.837
‘Hartley Vale 0.2 0.6 41,0 78.1 6.1 10.3 14,9 26,5 1.097 1.245 0,398 0.466
Torbere 0.4 0.8 53,1 69.7 8.0 10.7 19.9 31.3 1.144 1,541 0.401 0.813
Scottish Sh&les 0.6 2.2 . "15.8 37.2 1.9 8.9 5.8 177 1.617 2.227 0.5 d.1

The smount of sulphur has also been shown in Tavle 18, - -
although not strictly included in the "Proximate Analjsis".'
This series of duta also illustrates the variation which may

Le expected over a wide runge of sumples.

GENIRAL DISCUSSIOK.

To clarify the discussion which follows, it is deéirable
to enumerate the specisl features of torbanite which the
rich material hsas baen‘shown to possess; - |

Mechanical Properties: extremely tough and resilient.

Fracture: o eonchoidal,
Powder: | very'hard to powder and grind.
Colour:  reflected; green. v

tranamitted; red to yellow.

Fluorescence; - golden yellow.
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- Opticsl properties: refractive indei, 1.&4
Specific Grevity: 04972 min. (observed)
Specific Heut: 0.34 culs./grm./°C,
Heat of Combustion: 10,.-CC culs,/grm,

Coefficiant of | L
Bxpun3aion: 1.05 x 10°¢
ﬁlectrioal Resistsnce: I'i. h,
’ ¢ Curbon: - 84,20 Rounded uvors.e values,
¢ Hydrogen: 1l.93 - '
. % Nitrogen: 0,31 -
. - % Oxygen: - 2. 54-

Solubility in Organic
uolvnnta- practically nil.

Tre fa :t8 leading to the pressntution of u sctisfar-
'tory chemicul structure must agree with “the abovn obeer- _
vations and w1th the extreme ebemieal stability oP torba-
nite, ' | _
‘ The high 0il yield &nd low.SOIﬁbilitylof the pure
suustence'indicéte”a‘high degrae of polymsrisstion, 'That
torb&nite has no uppreciable sﬁeliing in hydroéurbbn 80l~
vents, whereas the tirst produet of its decomposition does
swell (sece luter), indicetes initial lerge inﬁeratomlc S
forces which ure reduced during thermal breékdownf Assu-
ming, then, that the structure of torbunite is thut of
én eucolloid of enormous molécular weight, it does not ap-.
pesr unlikely theat the structure is thut of 8 three-dimen-
sionul meeromolecule with extensive cross-bridging, The

cross-bridgings tre not stuble undsr the thermel conditions
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~of pyrolys;s &nd 8 proportion of ﬁhe linkcges ure destrosed
in the initial stages, As no trece of terpenps has ever
been found in the oil, it muy Le concluded thct & terpenie
structure does not exist inside the moleoule.
rdditionel evxdenee to su: port the ubove hypothesis
on the structure of toraunite. is shown in tke mechinical
.prorerties of the materialQj"Oné~churacteristicA;roperty _
of highly polymerised mutter, whether nutural or ertificisl,
is its resistance to mechanicsl shock und powdering. Tris |
property is ﬁell-known in tOrLénite, and 1t is interesting
to compere Ostromissleuaki's,(50)'remarka on the generel
properties of polymerised a-metéstyréne. Ostromissleuski
records thut a-mrtustyrene is "s Subsfanée which is touch
and permsnently trunsperent, und may te pructicelly
colourless, It shows a dull fructure end msy be
cut with & knife to form thin films or psrings.
It hes & high refractive index, 1.5 ~ 1,75, Its
gpecific grevity is spproximstely 1,06, herdness
dotermined on the hcrdness sesle for minsrsls,
approximetely 2 -~ 3, The product is substantielly .
stauble under the action of sunlight &nd wrthering.
It will withstand relutively strong blows with a.
hammer &nd is ground to'a powder with grest dif-
ficulty, In solution 1t doss nbdt decolorise &
3 per cent solution of bromine at C°C, It shous
sutstuntiully no change under prolonged action
of hydrofluoric scid." _
bompavinb thege observations with similar ones on
tortunite it can be seen thbt the properties are very simi-
lur. The major contradiotion between tqrbanite and highly
polymerised synthetic hydrocarbon resins is specific |
gravity. The low specific gravity of torbunite, compured

to other highly polymerised matorial.’points to & nucleus



of low moleculsar weibht, or small degree of polJmnrisation.
For 1nstanee. the tetrumer of polymethyl styrene . rus & -
specitic gruvity of 1, oc und tho octamer. 1.07, In contru- |
diction to this, tha‘low soluoility of torhanite indicates
& hieh degree of nolymeriSution and at present the exact

| explunation is not ¢t ull clear.‘
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- THS_CONSTITUTIOR OF TOuuiiNITE HIRCGER,

Torbanite is & nutursl product end, therefore, the
vke:ogen‘which it cont&iﬁs must have been produced by ne tu-
ral cuuses; these cuuses sre:- living orgeznisms, pressure
ceused by overburden snd geological‘ohangeé. time and tem-
paruture, . | -

It must be assumed, & priori, thet the originsl sub-
stunce of kefogen wus rroduged ty the metsbolic prooc~sies
of living mbtter,f&nd.fof-fhis resson it would be &8 well

to study whut information cen bs guined from s discussion

“of the biologiéul baokéround.

" Biolosicil Buekground,

In 193¢ Blackburn snd Temperley (5,71) published a
pepor desling with the ulgse Botryococcus breunii, and
its relétion‘ to the origin of tortanite. . In thut puper
fhe uufhora showed conclusively thaﬂ the matter responsible.
for the oocurrence of Coorongite und similar éapropelites
wes identical with the algse 3. brounii. Furthermore,
they sugsested thut the slgee responsible for tortsnite
is the'éume s thut responsidble for Cuorongite. This.
algae belongs to the Cblorophyoeae.énd the suthors stute |
' ihat it "is & polymorphic species &nd i3 a_mdet striking
axurn;;le of &n oil:produoing BlZE8esessnceotnd thut alight
compression csuses oily drops to exude from tre colbny
matrix,"® The futty matter is soluble.in orgenie solvents

and is unsaturuted,
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The algue contuins carbohydrates includins cellulose,
& little sturch, proteins, caerotenes &nd un tbnormsl

emount of fat. As mentioned under 'C-orongite!, the
fresh slgse is quite soluble but its solubility decreasas
with sging. | | |
Und-r the conditions of deposition, as deseribed

in SQetibn I - Origin of Torbunite - thé supropel would
decompose due to breterial nctioh ¥nd this action would,
presumably, ceuse breakgown_of the curbohydretes &nd
" proteins to wétef-soluble sompounds, snd would‘hydrolyae
th§ futs, Murcusson (45) has observed thut the.decompb-
sitibn prodﬁots of algue coniain stronsly hydrolysed glycd-'
ride futs, and that,ih such decaying ritter,there was
slow formution qf true waxes by decerboxylation of the
freé fatty scids., Following thess res:tions, the high .
pressure of the oyerﬁurden, contact catalysis, time &nd
tempefature,'woﬁld;effect 80 greut~metamotphosis gr'thé
mbtterfthat very little of the originél gtructure would
remsin unchsnged. | '

 The aboye hypothesis concerring the origin of kero-
geh is similur to that propouhded by %néler to explain
" the origin of flow oil. Engler, in his theory, éssumea
thui gll oil drtginated in fatty matter, these futs de-
composed by hydrolysis or gaponifioation to form free
acids which guve rise to hydrocarbons;‘which then polyme= ,
rised to an insoluble bitumen, The bitumen "depolymerised"”

to form 0il. One of fhe mein disadvanteses of the Sngler
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theory is_that it supposes a thermal "depolymérisation" in
the later stages of formation.

The two chief differences betweén the hypothesis here-
in put forward and that of Engler are that, in the forma-
tion of kerogen, }

(i) the acias have ‘been ﬁolymerised to}form'a‘sdlid
and not thermally decomposed to éroduce a liquid.-
(11) no explanation is needed to cover gss formation, -
'aS'géses are not found asséciated_with torbahiée.
'~ The fatty éoid'theory seems the most accepteble

in the present case.

This contention is éupportéd by the waxy nature of

the crude oil, which shows that the kerogen arose from

hydrocarbons contaigingvlong chains of carbon afbms, for

although various types of hydrocarbons may be produced

from paraffins; waxes have never been produced by the ther-

mal breskdown bflother hydrocarbon types. Furthermore, as

these long chains are still unruptured and the kerogen is
insoluble, it shows couclusively thaet at no time could

the tempersture have exceeded 150°C.

In this section the following points are brought for-

ward: :
(1) Kerogen had an algal genesis,

(ii) The aigae responsible for kerogen possesses an
abundance of futs.

(iii) From a study of the neture of the crude oil,
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keroaen must cantain.lbng ctein structures., Most
- plants contein appreciable emounts ¢f fats in the
form of’triglycotides; These futs will hydrolyse
to produce futty ucids possessin: the required
long chains, |
(iv) Decarboxylation of the acids will produce long |
| .chain sliphutic hydrocbrtons. - xperimentul evi~
: don\ thet polymerised unsg turw.ted long-c tuin
futty teids may be dechrboxyluted to. ﬁroduce "paraf-'
finic 1ubr1cutin¢ oils™ is eifed luter.
The following a@ditionul points may Le udded: ‘
f(Q) No ethers or kétqngs,h&ve been rerorted in crude
| oil, inﬂioutiné the &bsence of ulkoxy or curbonyl "
g”oupa in kerogen..
(vi) Goorongifa. which ‘does. produce an aliphctic oil on
' pyrolysia, 1e tormed from elgel remuins,.
Followind theae importunt points, it is necegsury to
_postulate the exact nature of the fatty uteriel whirh
took'purt in the.reaetions, th1a is executed 1n ‘the fo 1ow-

- ing paies.
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THE NATURS OF THE FLTTY MATTER.

~The green tlgue (Chlorophyceee) of which i, breunii

" is 8 member, often contsins laerge amounts of Tatt; metter
end, &S usuel in nature, the seids pre-:ent in thesa fits

are maihly of - the C,q end C,, series. The living elguli
tissues are very pns@turated, end this unsuturstion decresases
as the meteriul ééés. This would point to & polymorisution

. of the ﬁnSutur&ted'oompounds.

| . Apurt frum.éuturated acida, four C18 scids will ce
;chnsidered from the possibility of tkeir oecurrence, althorgh

doubtless Cyg scids ure &lsdo precent;

_ Oleic scid Cyy Ha3~CCOUH
* Iinoleic Acid | Cyy Hizy~COOK
Linolenic scid " Cyq Hagacéon.
-.'Elaeoafearic Acid ' Cy17 Hzg=CLCH

‘ All tbeae scids &re unsatured, possessing one or moro
double bonds. ALl are found in the vegetuble kingdom and
all possess the desired long=-chain struoture. Lovern (Bu).
dealinp with the futty LCIdS from green algee, stutes "The
:degreesAof everusge unswturstion of the C,. and 018 wcids
are ﬁhusually high", and Tekehashi (8Z) hus isoluted oleic
'und-liﬂoleic wveids from marine'ulgae posse.sing unsuturated
gcids, 14% of which contuined two, three or four double
bonis, Alihough saturated futty wcids occur in sddition to

. unsatursted memiers, the former, becwuse of their resistgnoe
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to polymerisction would presumably remsin in their mono-
meric atéte.

.0f the four 8@1d§ sbove mentioned, the first and
second namgd possess oge end twb double bonds respectively,
and for this resson it is unlikely thct they themselves
would polymerise under the conditions of preserv.tion,
Although they might wct s cépolymers.' | .

Linolsnic &nd Eléeostegric éoids.posseés three double
‘tonds each which, in the cule of elueostesric wcid, are |
ih tho-conjug@ted urbéngament i.e, it possesses the resino-

phore group «C= C-C CaC= C— Linolenic iLcid (9:12:15:0ctu~

_ decutrienoie aoid) does not polgmerise a8 reudily es

| elazostesric ucid, but under. suituble conditions the double
bonds sre resrranged into the conjvgated position end poly-
meriaatibn proeéede in the normul manncr.

ﬂ »leeostesric Acid (9:ll:l&-oot&docatfienoic acid) ex~

‘ists in two forms, a-”laeostcur:c scid end p-Elucsostesric
acid the formoer is thougut to be the trans-cis-cis isom~r
and the 1atter, the cis-cis-trens isomer. In this discus-
sion, no differentisation will bs made between the two

“{gom.~rides,
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TEE POLYMERISLTION LF URSLTUR-THID I PTY S0IDS.

During recont ysurs much informetion hus besn mede

uvailuble on the polymerissetion of unsuturcted “ctty ccids

(?a.?b,z). The rosults of these rasearches may be summed

up &8 follows;

(1) fcids possesains two or more doubls bonds in

(2)

:the'conjugated position polymerise to viscous

1iguids or solids Lg‘means of & Diqis-ﬂlder
resction, to give derivutives of cyclohexene

which then muy te dehydrogenuted to produce cor-

. pounds possessing benz ne rings,

This ring closure hus received experimentul con-

firmation by Petrov (64) who hus obscrved cyclic

| com@oundé‘in-tho polym~risction products of fatty
acids, In aidition, Hurd ststes (31) that, by

close vscuum frsctionction, oyclic monomers con-
taining‘sixécarbon rings mey be isoleted from

the polymer, | |
Non-conjuguted systems are trunsférmed into con-
jugsted systems by bond migration, following
which transferernce they polymerisé in the'manner A
deserived wvove (60).

During polymerisution, the unaaturatién decreuses,
the Diene mumber and Bromine number mey reéch- '
zero, und the specific gravity inerceaces. These

changes indicute é'gruduul transformution from

”

LN ]



an unset“rated compound to & more ssturuted one
containinO ring structures, and it is 1nteres-
ting to note thut when thrse double Bonds sre
preeent,'fhe increase in spesific gravity is
much <rester than the corresponding increuse in
acids with only tw0'double bonds. This effeot
is caused by the formbtion of dicyclic atructures
S in the former cu3e, whereaa only monocyclic rings a
}ure produoed from soide wifh two double tonds,
(4) Polymorisation does not. depend on- tha preqence
- of oxygen, for Buuer‘and Liag (2) heve formed
a éolid-polymer.frpm elaeostéaricUacid_ﬁhen the
‘fbaction wus_carried out'in'anétmosphere of
carbon dioxido. | | | | _
(5) The carboxyl group retains its 1dont1ty during
| polymerisation, - | |
(6) Fo:’acids.'other'than eleaostesric wcid, the
solymerisation 13 slow &t ordinury temperstures,
Howevor,‘the rgaction'fete is'incfe¢sed‘by ultra-~
:violoﬁ radiation, the presence of cert.in mine- .
ral acide (?7), pressure und contact with infu-
" soriul earths. | | |
On sscount of the fuct thut oyclic cémpounds
huve less moleculsar voiume than the corresponding
éliph&tica. the effect of presiure is td promote
ring formation, | |  .
In the 1icht of the above findings, 1t is now possible
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l' to postulate the formetion of kerogen from unscturated

fatty secids produced ty the ori:'incl sluce,
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STRUCTURE OF K3R0GHN FROM ALG.L ORIGIN,

Although, us will be shown luter, certsin anslyses
would 1ndica*e & apecific ecid tuking part in the forme~
tion of kerog°n, it seems unllkely thut this is so owing
to the complexity of netural procesqes.

' In this portion of the work. kﬂrogen is trected cs a
continuous solid whereas, in wetuslity, it is composed of
onnmerous smell todies, ewuch of which’is ¢n individusl per-
- ticle., Euch 'yelloﬁ body' is im.gined us & droplet of oil
which has rescted to produce the polymerised mutter dis-
cussed'horein. | '

The‘difterent types of oorticles probutly Qoryvin,ﬁe-
- «ree rothﬂr thean ohuracter. snd all ure assumed to possess
tre 8ame fundamental composition., The rioh torbanifo from
Murangarco (IOb). on the other hand, wes shown to contain
practicully only onz type (microscopic&lly homo/encous).
The varietions shown by the ‘yollow bodies!, howaver, do

not affect the validit} of this theory. | |
| Notwithstanding this SuppositiOn. in the trettment
which follows, only one acid will be discussedy &s this
acid provides sufficient 1nformation to account for the
observed facts. end only small chunges would make the
theory tenable for similar unsoturatod Tatty ucids.

In the previous sections thé degradation of algal
futs to free futty wcids was shown to Le consistent with

oosérved proceses &t the present_d&y,énd it is now possible
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to traude t'e history of the process “rom thre féfty-acid-
to the solid kerogen. |

The fifst stuge in the process of. polymerisection
would be resched when the ulgal muss p.ssed the decuy pe-
riod. The sotion of deccy would reise the temperuture in

the sapiOpel and this would csuse the poljmerisation of |

- the wcid to0 ® Jelly=-like, low-degree polymer. This poly- . |
mer would -gorresypond to the present~da; Coprongite and
the Balaash supropelite. ‘

At this Juncture it is 1nternqting to compare the
pitimate snalysis or elagoatebrig acid with thut pf the

sapropelite, _ )
Sapropelite (78) Blueosteuric
| e teid

c o 75,8 |
N+S+P 1.9 7746

H o 10,6 10.9

-0 | 1307 | 11.5
Elaeostearic seid = Cyg Hzg O

| Sapropelite ‘ = ClB Hzl 02.5 - &pprox,

The next stege covers the'transitiog‘of the soft poly-
mer to a solid mass. | |
| .Following'the firat stege, the orgenic méttef was
covered with an oiorbuiden of sandstone end other rocks;
ceusing & great'Pfeéaﬁre to be exerted on the rubberj maegs,
which further polymerised to a rigid solid, Thg effect
of high pressure hes been studied in reletion to thé poly-

merisation 6f'diolef1nes, and recent resesrch (12) hes
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demonstruted thet undor a @ pressure of 180C stm., isoprens
produces un insolutle non-plbstic solid.‘

In the c:3e of torbanite, 1t hus been estimsted tﬁut
: the'pressure exert-d by_the coverinzs rocks would wpproxi-
‘mute to 65C &tms. Under these cohditions, dimeric &nd |
higher forms of the scid would further polym=riae to produce
the rigid polymer which 18 termed Torbunite; & disgrem of
tre eurly stuges of such polymarisation is given on the fol-
lowing puge. The disgrum illustrates the polymerisation of
élaeostegric gcid to thre trimar'by mesns of & Diéis~A1der
reaction; both dimer snd trimer contuin the rowctive oonJﬁ-
| gsted double bond systém, and fufther polymerisstion could
then procqed &t this point, either with other polywér mole-
cules or with further quantities of elaeostearic aéid. :

The dicgrem indlcutes only & faw possibilifies, und no ’
doutt, undor suituble conditions, other resections would
ocour. In sddition to the resctions givon ubove, other oxy-
gen, sulphur end nitrogen wtoms teke purt in the polymeri-
sation, but thaese elements oceur in such sm«ll quentities
| ebmpared with hydrogen und curbon, thet it aeems»doubtrul
whether they should be included in & study of the polymer
molecule. Possibly oxygen, and to & lesser degree sulphur,
gct &8 .1inking elements'botween two polymer molec:les, &8
ig thouzht to bte the cuse in cosl, Altsrnetively, oxygen
mey exist in the form of hydroxyl redicles produced by



THE POLYMERISATION OF ELAEOSTEARIC ACID

C5=C-C=C~-C=C-Cn-COOK . . . (1)

2( C5=C~C=C-C=C-Cy-COOH ) C=C=Cq-COOH
‘ \\N \i:\\\\\\\2§=° C=C-Cyp-COOH

C=C-C=C-C7-CO0H

C,
C, C=C-Cp-COCH
Dimggi; Dimeric form
Cy Monocyclie
Monocyclic ‘ \\\
C‘
Cp-COOH
' Cn-COOH
Cn-COOH
Monomeric form
Dimeric Monoeyelie . . from (i)
’ form Internal condensation
| Dieyelic

¢=C-C=C-Cy~COOH
Cn-COOH

¢ L*W“"+(if*"“”“’

C ~C=C=Cn=-
Trimeric ¢ C=C~Cq-COOH :
form c Cg=C-C=C
. 4 '
Dicyeclic Cg=C CyCOOH
C,COOH
nucleus '
d drogenation .
ehydrog Dimeric form
[::;J E:::j] Monocyeliec
Cyclodiene Aromatic
structure structure '

(corbon skeleton only; strain angles neglected)
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ring close of terminul ecarboxyls, us in the Fittig und Erd-A

mun (2&) synthesis, thus;

T=Cl-CH, -CCOH

T + H,0

OH

Estimation of hydroxyl in thé row matoricl guve zeQO'reSult,
but 9 phenols ure p;osent in the crude o0il, the above reac-
tion doos not ssem unlikely, although Carlson (84) sugests
that free curboxyl groups are.yresent in kerogen end thut
they give rise to portian of the ocarton dioxide fdrmed on
pyrolysis. 4s menfioned in the earlier norticn of this work,
‘gulphur apperently occurs in two combinutions, 1in one, the
sulphur stom is loosely heid.&nd appesars us8 hydrogen eulphide
in the eurly stuges of the decomposition, snd in the other
held in »rimuery valenoias-whjeh &ives rise to thicplenes,

It i3 probuble thut nitrogen originates from the protein
| matéricl‘and occurs in complex formation; on thermel decom-
position of the torbenite the nitrogen appecrs in combina-
tion in heterocyclic ringé &nd as aﬁines &nd ammonia.

The theory given above receives very strong support
from the work of Chowdhury (85) and his co-workers, who
decsrboxyluted the polyme?s of olaeospearic snd linoleio
scids by thermsl trewtment with metsllic éalts to produce

viscous oils "resembling pursffinioc lubricuting 0ils"® che
shale oil. . ‘
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Solubility of Torbunite in Orgenic Ligquids.

One of the most charagteristic festurss of torbunitg
18 ite stubborn resistance to dissolut?in orgenic end in-
organie liquids, Thié festure servas as one.criterion”in
' diatingﬂiﬂhinr tokbanite'from‘other prodﬁcts; siﬁil&rvin 
”apgearanee, such as aspkalts. bitumons end pitches.
| Apart from those which actually ettuck it, end these .
'fbré few, no solvent has yet besn found whic b heés sny sppre- -
'oiablo action on torbanite. The low solubility of torbanite,
';and of shales in general, hasg been & subjeat for. d15u<381un
;by vari: ns writers, and all “Ie agree& thbt the eolubility'
of kerogen is limited to & fow percent. Some workers have
'_reporte& inoreased solubility in eertuin high boiling sol--
'vents but it is daubtful whether this incrauspd aoiubility
is not due to some chemical effect, | '
The solvents whioh have ‘beon emyloyed may he broadlr'
~ aivided 1into: | -
| (a) pure throcarbon solventa° these ure not
vary ettee*ive.‘ | ,‘
(b)_cthers;‘such‘as hetsrocyclic nitrogen .
buses,«oxygenéiéd.suﬁétcnoes end halo-
| genated solvants, - |

(L) Pure lydrocerbon Solvents are probably the only liquids

1n which true 3olnt1on is atfeoted snd for t?ut reason the

| amount of material dissolved from the torbanite is nealigible._
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(b) All other solvents probubly heve cert:.in chemical sction.

It 1s well known thst the high solvent uctivity of 1i-
quids sﬁch'as pyridine.on coal, is dua to itse peptising -
action 6n the colloid, and Tideswell (70) thinks that the
'&ctioh‘of'pyrid;ne as a solvent should bs regerded as thet .
. of 'loosaning' the4dq1io1d maSﬁ; Furthermore, the. great |
difficulty encountered in attempting to remove. the last
tfaeeé o? pyridine from exﬁracted torbenite, ahd the behéQ
viour of the redispersed pyridine residue, gives evidonce
that pyridlne exer*s en action more thun thet of & pure
solvents | | |

. However, it is reaaonably sefo to. assume thut most low~
boiling throvarbon solvents have vnrJ littlo chemical
; uet1on on the torbugite. “The question-then arises whe ther
. the soluie‘représents foieign'material. such &8 resins
which have been 1ntrodueed in minnte amounts 1into the
Lerogenous matrix, or a small portion .0of the karogen which
hes been d4issolved out 1n the norm&l menner. The problem
has Leen aolved, iﬁ tko oaéo'of,extraéﬁs of Hévarunswick
shale, by MeKinney (43). MgKinney‘exﬁraotedvtwo hundred
and seéaatéen kiloxrAms‘of shule with soetone &nd then suo~- -
ceéded in. demonstruttnglthut éost of the extreoted meteriul
consisted of hydrocarboas belongiug to the peraffin and |
~eyclopuraffin series, extending from & C12 rraction upwurds.
. A small amonnt of non-hydrocarbon nuterisl us iSUl&ted but ‘

not examined.,. Similuer results to the sbove were obtained
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by Petrie (o3) on the extr.oted products from Few Sovth Weles

torbanite wko records thut the extructed mutter "ccnsists

. of suturated hydrocerbons of high Loiling point, togethrer

with e‘amaiquuantity.of other compounds of high specific

sre given in. Table 19 following:~

T&ble 19,

Extracte&.01

gravity." The properties of the extruct obtained by Petrie

y

Ghemicul P operties of
- } S.¥. Toricnite,

Specific Gravity e

Refractive Index at 20°C.

Setting Point. °C.
Carbongt

Hydrogen %

Yot detrmined %

"o

1,5338
30
85.27
1l.62
Se11

i

g un

0.9:16 -

.The”limited-amount of solﬁbie matoriul thgt'can_be

obtained from the HeS.¥.

~ 1s shoun in Table 20. .

- Table 20

torbenite and oversews shsles -

Solubility of Torbbnites end Shales.

Solvent

- Acetone

Chloroform
Benzene.
Csrbon Bi-
sulphide
Bther
Carbon Tetrae
chloride
Alcohol '
FPyridine

% 3Jee.

$ on dry weight of semple.

Loculity.

New Bruns- Colorade S.Africun

ﬁ.§ TOX'-

specisl paragraph.

wick (43) (40) Torbsnite bunite‘(this
S ‘ (47) work)(ex Glen
DevisR.F.C,
2.6 1.48  0C.42 1,51
8g2 b 0060 1.84
3.2 - 0430 1,C0
. 2.8 1.00 : 0.54 : . Rt
2.2 ‘ - 0036 0-95
) 2.6 Cemem 0o47 1.04
1,5 " 1443 - 1.40
2.6 2,04 T o 2,06 &

AT B D e S, Ha W SV Y € ;o
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The soiute in most cases consisted of a sticky semi-
solid to solid ter which veried in colour from light orange
to derk brown. |

In orier to asdertain ihether any dorrelation existed
bztwecn nuture of solvent. the torbbnite deposit, and the
amount dissolved & earies of extractions were carried out
on torbunite ‘surples from_difrarent 1ocalitios. using &
‘Vuriety of solvents._ The following are the gxgerimental
detsils:- | |

Experimentala

Tre sample wes usually 6 hend-picked one which wes
ground in & disc pulvariaer to puss 60 IM' mesh, The ﬁOW*
Vder weSs "coﬁe-andfquartered" in the usgal mahner, nd then
QQSSidated in &n air oven at 10506, for a'shortxtime,
usuelly about four dayé. A pre~extructed dried Soxhlet
th;mblo of known weight weas used to contain the semple,
which was then extrw.oted in the normel Soxhlet extruction

- apperatus; the apparatus used w5§ of the ground-gl&gé-éoint
: _type snd m&de 6f Pyrex glass; Lfter extrnmtion. for «

- eertuin time interval (aLWqu in excess of tht required
to produce & colourless overflow in thre extractor) the
thinkle wes remove1 driod to 8 oconstant weight and tho
loss in weight found, At & later stage in tris section
of the work & grouter emount of extruct wes reguired snd
& lerger extructor of the ssme tyre wus used,

The following table shows thut there eppecrs to be no



odrrelstion between the nuture of the solvnnt.,the'émount .

of soluble meterisl, of_thé'aouree'of éhe[sampie.

Tablﬁ 210 .
Locality ﬂeight of Loss in Lcas Loss ¥ w/w -~
of ' , ‘Semple . Weight & w/w dry ssh-free -
Sample . Solvent grms, . grms, d4dry - basis. '
| o . , ' _besis
Coolswuy = Eenzene 7,5839 0,0624 ,0.82' . 0.88 .
Maranguroo Benzene  3.2146 0.0$22 -1.00. 1,04
- Marangeroo Ethanol“:z.ésle - 0.0498 - 1.40 1.46
" Mount Kembla . , : ‘ , L '
(1)  Benzene 3.3816 0,108 3,19 = 5,03
Glen Duvis BEBther 4,9011 0.0338 0.69 . 1,03
Cooleway - Ether. - 4.,4683 0.0416 0,93 . 1,00
Coolawsy - Chloroe .- - ST S
, o form - Z.7177 -0.0498 . 1,34 1.44
“ - Coolaway  Acetone 5.0259 0.0759 - 1,51 1.62
Maranguroo Cerbon R ‘ T T e
. Tetrae S L S
, . chloride 6.0806 0,0658 --1.04 - - 1,09 -
. (oolawey = Carbon k o S oot
o : Tstra-‘,- B L ‘
chloride 3;4536 0.,0349 - 1.01. 1,08

| Plevna (a) Tenzens  4.0742  0.B267 8.26 27,23 o
(1) It. Kembla - A true lamineted oil shele.
(3) Plevna = L toartiery shale from Jueenslund
' containing much moisture and N
roreign matter. ,

e - - —

Attefptb were made to axtrect. the torhanite with

hi. her~boiling nolvents, snch 88 phanol, a-phellandrene,
furfurbl. chlohexanone, with }1ttle suceess, Slmilar -
results huve besn reported with coal (86).' Storoh re— |
"cords that certuin hiﬂh-boiling solvnnts hola the extraot
tenaciously and are extremely difricvlt to removo, for
instanca aniline hes tendency to combine‘with the ox-
truct anl it is 1%L3881h]u to remava it. In the oase.df

phenol the evolution of hydropen sulﬁhide from the

A.ezit of the extr\etor condensnr showed decisively that
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some décomposition wed teking place, ahd «fter éxtructing
for 18 hours, thé»thﬂmble commenced to disintegrute. When
e'samglg>wus extr.cted with'u-pholiandrane the residue .
showed a :&in in weigkt, even after vacuum drying, Further
extracti»n with ben?ene failed to convert this guin into &
lOSS. asighcwn below;

Table 22.

Fxtractlon of Glan Duvis Torbhnite with aaPhellandreneeA

‘Weight of thimble

‘Wt. of thimble end sh&le
-~ Weight of shale

Weight aftar extrection’

1.7400 grms.
€.,0725 grms. .
4,3325 grms,
7.8015 (vae,

nou

o

dried)
Time of extraction = 11,3 hours,
weight incresse = 40,0%

ft

€e137C grms.
1,59 csle,

ingbt after re-extraction witb ‘benzene
| | on originsl,

Weight 1ncreaso

B

 Extruct1on.with cyelohexunone.;'  -

| Cyclo~hoxancn& has recantly (%5) been “eko*ted as
"being 4, rOOd solvent for kerogen, but the present writer
:'could not suoceed in separating the solvent from the nolute:
und the sample showed ¢ gein in weight of 3.60%. The eJclo-l 
'-hexanone extr&ct w:s & hard orange. sol1d which haa to be
clipped from its contbine:. in appearance it wug vary much
like'éhallac.  This residue wes soluble in benzens, from
‘which solution it wes p;eéipiiéted 49 a brgwn powder by
sdding excess of petroleum e ther. -

Pyridineiaxtraction nf‘Torpanieé.

As mentioned inm the beginning of this section, there



116,

seems little daﬁbt that the action of pyridine is more then
that of & pure solvent, and it is probable that its ection
on tortunite resombles 1ts action on coul, i.e. that of

A & poptising agent. Another point mentioned was that 1t

is extremely difficult to remove the lust traces.of pyri-
d1ine from both residﬁe aﬁd extraét‘ To illustrute this
lattér point; a iample'6erlen'navis'torbanitb“(pbwdergd

té pass 8 1C0 IMM secreen) was extructed with pyridine for
53 hours. ond then dried in v