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~he F ~ 
iu to ascel'"'t in if .... iJ~s o~ ":<.-sman~Ju,-, oil u __ ..... ..l..·~ '-. ~.ne 
. ,I"sey Va_le'r ve _o.eG. pr~ctic 12.y b~r neL od ..""er -
~~~ ~ ~ker ee on ~ic n" ~C~g t _ : ~ t of ret rti g the s~ale 
for 01:. ~he 1, ttpr j str~T fS ceen adv rsely critlc-~sed, 
ainly on aCCOl.,1t 0:':' tr p ver.;e "eJatively 10'" rade 0::' t1-J.e 

3r.ale, anrl t,.e -,"oor 'IU li ty of t .. e oi2. derived from it. 

~he .. et.. of utilis .tio!"'. ro ose' Ls 0 ,ed on a. 
1 • ,0 '" ;:1 0 ~_ ~.l~.le tec .. nolo",y, t •. t tue oL\. beer i:1~ 

.l.n ,ale 8 ........ e .:1 es not dec o~.)ose direct_ ...... e ... ~ ... ~e 
... ::::e of neat to for 01 ..... 8 ar:d ~a5, Uv ~3);';Y sta ..... es 

fro. a eJd;ively' so OJ sta~e, i~usib.Le Lv Ott 'ec j,,)osi.-
tion, to en inc'l sin'ly soluo_e salia 11 ~ 4- o_i , ~u.siDl.e 
bitUlinousslJ tance, l1icr~onf ... ·tll" ec. t +rert. + ayoe 
pal.t'a_l 0 CO.1,).1. tely ':) r.J, sed into oils ~"'11 c:::.rboD.. 
cf (1) •. :cK e, .,alph ane; Lyder '1 tne T:.e.2'.1al Deco.npo::i tion 
of Sh&les, Heat ?e('ts T . I d. E'l~ . Chem. 13, (;13-1 (1 C 21) . 
(2) F"'anks I:"~ oodier, PrelL,ia .. ry st·"· 0:: tlt: Organic :.:atter 
.o:::oloracr Gil 3h les. terl,,' ~olo . School of' ' . ,,~, 17, No .4 

Oct . ( I _22) . (3) ier !.ind Zi .o:" .. ,a .. '.. ":'he 'C:he ... i" 1 D,' Lo 
of t .. c ':'ra:.sfuL· ~tio:1 of tue Cr.;&::tic l'atter to 3it • ir. Gi~ 
S._le . Bull Uli~ . Utat, VO.L . 1~, Nc.7 pp . 62 - 1 (1~ h) . 
bstracts fro .. the cove :nef~r.ces ar pri 1.ted i. I~ • .I.e Gil" 

by Ralph :'cKce, 1 ~25, pllo~is:;e:: !:Jy t:le Che .i.ca.L J '"a .0:.., . , 
Oo .. ,pany, IT \ Yor . Dr. K.lrt.: 01' t:,e 'niversity f ~ 3 a':l-:'a 
':',westi ated . tt.i~ be., viour in t. e lab'l.ator it .. 'e "0"e ," 
t T:lsr..ani te in the course of his investl tIo'1. 1 or.c on 
~asrr~nite Shale, 1c2S- 33, anQ a fULl acc~unt o~ his 1'_8 Its is 
given in .. is ... ono aph on the Oil Shales of ':'as .ar.ia nd e~l 
Souto ·Vales . 

I n. a paper fJuolished in Helv. ::hi 1. ACtA . Vol.XIV.1 930 , 
Getz"C .• e, Vic-.ri & Sch" er c,es0ribe "'01', on t.le laO'''' . tur" 
se aration of tu or nic from the i'1or2,anic co.1stituents of 
'I':u:: :mite, an mentioll t:le f~r .ation of bitumen anc~ oils bv 
t.1:. be~t treatment of the organic rnatt:r . :?urther 'Ol·ll: on 
t"e .;:"avi tat ion 1 sep'3ration of t:.:; S:H',le con ttt Its is 
described ..," Dr . 1\: 2I't,l in • is !'ono .... raph . 'ork carried out i~ 
t e laboratory of the St te .'ines Depart ent by :.i' . . st. c . 
Manson, chief c .err.ist, . 'as successful it. obtaining an or anic 
co. centrate fr':H.l the sh:3..l.e by fro th flotation. As t; is o.."fered 
prospects of commerci 1 developmellt, tHe State 'Jov r=e::tt r ines 
De)art,ent continued the investi~ations to ootain furt.er 
information on the products end the treat'uent C">et,o(is necessary 
for ootaining t hem. 

The investi.;ations may be converiently grouped under 
t 0 main "eadings - (1) tne concentration of the or 'anie "TIat­
erial (2) the conversion of the con:::entrate. 

~he objective of the Hork, if ~ustif i ed oy t. e 
resul ts, is the es t 01 ishment of plant 0'1 the shale fi Id 
of a capacity s fficient to supply the T anian ui tumen 
requirecaents . 3uch a plant · .• ould reqUire to treat 60 tons 
0" snale pel' day, sup.:.ly~ n..:. 14 . 6 tons of or;:anic con _.~rate 
~er day for conversion to asphalt and oils. 

This report concerns the conversi01 a: te cc~centr tB, 
and, r:hile providin~ a slli.1mary of experimental results <")~)tained, 
is prinC i pally directed to 91ant design features for larger 
scale operations . 



" 

"ided 

' The sub' ect at ter of the report is ar n,;ed 'mder 
the followinG headings: 

, 

1. General description of the raw material, anQ of 
its behaviour under conditions relevant to the 
pr ocess . 

2. A sU'I1ffiary of the results of experi ental ork 
in the laboratory and -"i t a small pilot ~ .Lant 
including: 

( a ) a ge eral description of the course o~ the 
reaction. 

(b) a description of t he reaction relative to 
temperature and ti'Tle . 

(C) data on four pilot plant tests, 

e d) summal'y of results from typical laboratory 
tests . 

(e) su ~laX'y of pilot plant tests . 

(f) yields adopted for discussion. 

(g) description of the products. 

3 . General discussion of large scale "andling -.lethods 
oased on experimental experience . 

4. Disccssion of the design for a large scale plant 
unit "ith p::.rticule.r reference to f'eatm'"s 8risi.~ 
fro .. experir.ental '''ork. 

( a) General design - pre¥antion of crrbon form-
at i on 

(b) Material of construction. 

( c) Prevent i on of dust entrailli'Tlent. 

( d) Heating. 

(e ) Condensation. 

(f) Plant contr~l . 

5 . Sw lmary & Conclus ions . 

GS,'ERAL DESC. I PT I ON OF 

1. The raV! cha~' ge is i'1 tile form of a fine powder 
consistin.; of a mixture of finely/ silicious clay and of amber 
coloured , resinous lookins particles, presumabl y spore cases, 
171101e and fragmentary, fron fossil sporopollenine . 

A screen anal ysis of a typical concentrate SRve 
the followin.;; result -
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The ultim te com:;lOs-Lti.on of the resinous 
material is (Kurth) 

Carbon 78 . 5 :~ 

Hydro_en 
., 

10. 35 .0 

Nit~ogen 0.64 
.., 
,0 

Sulphur 4.7 <f 
/0 

by dif-"ere .. ce Oxegen 5.81 % 

The relative q~antities of inorganic fi~~e~ nd 
or::;a[lic res inous a terial very accordin..; to the conc:en t~·c. tion 
desired in the f.Lot tion plant . ::'or practical .urposes the 
percentage of filler 'ay be tall:en as from 25;~ to 40,~ of t:.e 
concentrate . For nresent our'oses, the fiG,·fte of 3~' filler 
is adopted . This Eives a concentnetf> .rei";:lin;.: aP-9I'oximately 
28 Ibs. to tne cubic foot, loesely packed, ··'he'l ~ry. As 
delivered fr?ID the flotation )lant the concentftate has a 
mois ture cO'ltent of about 40;;( The appearance of t:.e moist 
concentrate is somelhat deceptive, as it is relatively free, 
only slightly cohesive, an: does not pug or become sticlq. 
The or:' c'Jnc"ntrate is a free runnin6 pOlder. 

The eat conductivi t:T of n.e material is very low. 
hth a charge of Tas .nite, ash content 66%, pla~ed il a 
cylindrical ret~rt of internal diameter 3i" heated ~r0m the 
outside, Kurth found a te~parature gradient of 360 c per inch 
for a heatin~ rate of 1 0 c per ~inute . 

'rhe specific heat of the orc:lanic mat ,-.; ai may 
h e taken as 0. 38, and of the concentrate as 0.32 approximately. 

The specific ·rav i t y of the organic material 
containing 5.4% asb"as fOU.ld t o lie betveen 1.13 and 1.1 7· 
-ith 1 ~ asn, Kurth found the gravit ies between t e ~'mits 
1.08 to 1.12. The specific gravity of the inorg nie gangue 
is approximately 2. 5. 

The 0rg.nic material is part y soluole in cert in 
orga.lic solve 1tS. CarDon tetrachloride extrscts 2.60, and 
pyridi 1e dissolves a f·t er 2 . 6,~ from the resi.due, a total 

f 5.2%. The extr c t ¥las recovered as a reddish no Ill, soft, 
t acky resinuus substan0e with a slight smell. Acetone end 
carbon disulphi~e also have a slight solvent actio n. 



A calorific value was deternined on a co~c~ntra~e 
of ash ()onte nt 12. 36~ O-I the l,anes Department and ~ave a 
result of 14,736 B. Th . hs. ~er lb. 

A retorting test on a cencentrate of clsh content 
25. 17% gave the folIo Yin;; results: - based on dry concentrate. 

Oil : 
Liquor '" 
Residue: 

Gas, scrubber spirit 
+ loss = 

Specific ~ravity of oil: 
Oil yield per ton = 

9.4% 
0.924 
129 gallons . 

Tes ts by Kurth and oy tile lflines De:9artm~nt of 
New South 'lales gave the fo lowine; results - based oniry 
concentrate . 

KUdTH 

Ash content of concentrate used = 24. 3 
"'" 
, 

Oil yield 55.7 
., 

: ,0 

Liquor = 2.23 ,0 

Residue : 35.4 % 
Scrubbed ,,;as = 6. 67 ,'6 

Specific bravi ty of oil : 0.921 
Oil yield ~er ton = 136. 

New South -,ales Dere. rt:nent of J.ane a (Grey-KinL-assay) . 

Ash content of concentrate used : 30. 5 % 
Moisture CO'1tent 1.03 

, 
: ,0 

Oil Yield 48.5 ,~ 

= ,0 

Liquor 3.8 -4 = ,0 

Residue = 40.1 % 
Scrubbed gas = 7.6 % 

Specific gravity of oil : 0. 928 
Oil yield per ton : 117.1 

BEEAVI OlB OF CO' CEI::TRATE UNIER f T REATllENT : 

The folloving notes on the behaviour of Tasmanite 
under heat treatment at 3000 c and 3500 c are summarised from 
expeI'iIDents carried out by Dr. Kurth, using a 1 Ogren. charge, 
crushed through 20 mesh, placed in a hard glass tube . The 
vapour exit 17as formed by dra1"ing the tube out to leave an 
exit of acout 3 LM. diameter. Heating was electrically 
controlled. 

1. Heated to 300 0C, relatively little change takes 
place, even after maintenance of the temper'ltu 'e for 220 hours, 
a lthough prolon ed heating tends to effect an internal rearran­
gement in the organic material favouring ultimate carbon 
for·'ln~.ion at the expense of hydrocarbons . A very slo.l loss 
in weight takes place 'yi th a small oil yield, presumably from 
the soluble organic constituents. After 11 hours, about 41 
of the organic material is recovered as oil A~T decomposition 
of the main body of the organic substance is very small. 

2 . Heated to 3500 c, a moderately slow reaction 
ta~es place. After one hour pt 3500 c , the cnanue is relatively 
slight , "'lith increase of the time factor, tnere is a gradual 
increase in decomposition of the organic matter into a more 
soluble substance with increasing evolution of oil vapours 



and gas up to a poi"lt. 3eyond t.lis point, t e soluIJle 
matter decre'ses, p.n' proximate a~alysis of the residual 
substance from extracti on tests sholls an incr3asL1g amount 
of fixed carbon and vol tile matter . "",vi 'ently .rolon, pd 
exposure to tne te~per9ture conditions invo_ves a molecular 
l'eal'raIlE,ement wi thin ti.e ma teria.L ,lith a chHrl:ie containing 
66/& of ash it ta%es about 20 hours, to attain the point of 
maximL·m solubility at a temperatUl'e of 3500 0 . Aft'-'r 50 
hours tieat treatment at tnis tenperature, t." residue '/as 
liKe an ordinary retort cqrbonaceous residue. 

(3) Heated to L~OOoC, the decomp sition r9.te is 
about te~ times as fast as ct 350 0 C, and, after t 0 hours, 
t.,e chal'ge liquifies in tne form of an as::;>halt ith evolution 
of oil vapours and gas. 

From tne aoove, it a:ppears tLat th chArge can 
De preheated to 30000, and possioly to 3500 C, I'it, out any 
cOf,siderable reaction taking place, and 'Ii thout serious 
adverse effect on final treat Ilent, provided the cO'lcentrate 
is not maintained at these temperatures for more than a 
short period De ore bein~ raised to the inal reaction 
tem:perature of around 4000 c. At 3000 0, several hours FOLld 
11&ve little e~ ect, but at 350 0 C, it· 'ould oe advisable to 
continue the treat'lle lt almost Lnmediatel.v . 

ExperLnents on heatin", a relatively small volume 
of concentrate lith a large heating surface, e . g . thin layers 
on a heated lead 0 th, sho ed t,at it 'tas very difficult to 
ootain conversion to a li~ id phase . In tne majority of tests, 
tne co~centMate {as recovered in a caroonised for.. 3imiLarly, 
if t:1e conce 1t. ate lere heated 1.1 pipes of as s!,.al~ a cross 
section as ~tI, nd ample provision tere made for evolved 
vapours, a liquid phase was not ootained. Provided hO"lever, 
provision :ere ,. de for the conlensation and refluxint.. of tne 
evolved oil va.J0urs, the li"uicl phase could be oot iaed with­
out noticeable signs of coking under sui table teLl. e1' ture 
conditions. 

LABO.t.ATOHY EXPEdIJ'ElITAL: 

Tests carri0d out on small ~~antities of concen­
trate placed in crucibles or tins, Looselv cove~ J 1 ~1'eqted 
in an air ove. aintaile' at 390 0 C, fnr 2t hours yie11p.d 
matel'ial of sli htly co~ ere:J.t natur~, '1ixed largel" 1 

relatively unc,1an';f'd sores. On c o ol ~ '. " the suo, t _ c as 
of a some'_Yhat rubbery ature. Aftvl 2 r.)U!'s at 4100 C, a 
caroJnised laye~ IV s ootained at the h. tint; sur ace, Rnd 
t he remainder of ti1e J l:;.r1Oe .laS relriively little cbanged. 
Tests carried ut by L~'TIersing the containers in a lead bath 
at 3900 C, bave part of the concentl'ate as a coher,~ It ruobery 
.nass ith th remai,lder relatively little changed. Hi!C,her 
telrperatUi:es gave pa"'t fully carb :1ised, part little cna'lgei' 
and a small )o,.tion of a rubbery n",ture. Extl'c ,·tio. ~f' t he 
mass -'-i th carbon dis -lryhide, ann recovery of the extn.ct 
yiel~ed a tou~h s~mew at resilient bitumen . 

• 11e 1 pro'li., :.:m 7a ce to ~ee tne co lce,,-tra te 
~OV::':1", i':1 cO'ltact it. ,lS 'lot mIls a 1 i._ ic ;,?i'''' 'as 
ootained over E i'e range of reflux con·itions. 

The above tests ~.·ic e t tJ ec ss·ty for 
preventinG ov€rneating oy maintenance of as 'len +em)erature 
i1 the ch3r 6 e as ossiole, ani of providi'l fo' contact of 



the heati~s ass ~th 
to aLi the forn:: tioD. 

to ~ 0·· . .1. V'l"'Oll"S evolved ih icb 
f soluol~ 80 -tituents. 

r 

(2) The ratus 3dopt~d for aborato_'Y t_s .i.n~ 
c i~te' 0: ouo_e j or~ted illi~d steel pot, circular in 
cro.~ section, L. S" ilSic<s ia,.eter x 3.5" aee~, hol'in~ 
300 - 4'"10 g~'ll;:; . o[ 80nce .. trate. The ~8cicet Fas fill'" ~tr, 
.Lead, a!1d heat6c J a ;"e.;:er ur·ner. A t 0 b~ lied ti~~Pl' 

.' t"roL st 1f~ in 1,,". in 'one cover _late, ni 
scr9.ped +'J~ '1 _ .ea of t Ie pot "otton n t .. e sides "';0 a 
heignt of t" _ .e cover , t " ms fitted 'ith a r sS·.lre 
__ auge, pnu a it! ~ i e c '"In :e oLe _ Qll t, (:0.1. ens.~._g 
8 ~ste s.r~ e s meter, a.l.: l:lS bolted into posi ti oy 

e __ 9 o~ ~ ~ ~ds ~iled to ~~e 0~~~ide of t_~~ pot, t e 
jci_ ... ts .:einE J..i a l~ it. red lead .... ~:::. Ii _ J .!I oil.. A closed. 
tu ... e C~:'2:' 1'1_ a oro .eter passed fron: t:'le c'ltside " c .et 
e..~:. ..;ss t~_e le~6.. b :':1:' the mid-roi nt c~ t .... b~q~ .Jf t; Je 
i~bide lot, and i.l. co +~~~ it:_ the ·al: . ~ .~r 0 ~ter 
\,as i .serted ' :1. tiL S offt _.e, and the apparat,1s "S a 

.Li. le __ ote ... ted~" r ft by a ')uitable ar FI_n--.ern ~t of 
asoestos ~'_petii'o ' if rying l'ef1'lX e PO ct e 'e utained. oy 
alterin' t •. e 1en;t.1 of the vert,;,c _ -:;" of"ta..ce pipe. 

'Ex er iu ents ·p'-'e c .l.~ri d jut Inder v ,,:·~"i '-' C In­
'i tio.'l~ of t~c, te ~perature a.l1 pI'ess .' 

'it. t.i ap~a:;:oat' , .0 cl.ffic.llty ',a::: ex_ el'ienceil 
i-a ott i ~.o l'~ _ i' s." al t ever. it,,} the rei' .LUX _ i e 'ed 'ced 
t .' .,i..LTl' .~ . .::'he anxi um te pe:'st '!'e use n 0 .. _ _ b th 
BS 52"0:); <:1 in _ 500 0 :) . Varying Pl' EiSr.:.I' B ere 

tr ~e:, the nor,"]a1 being t osph ric. '::'he usual ti .. e t .e. 
f completion 0:' the re ction, st~:;:oti.ng from col' '<'1- :;:0 om 2: to 3 hours, t.le tLle before e. 'pr c1 b.Le • e 'tio 1 st rted 
oeine; ap!-roximately 1 hour , ';'he 5.10rtest ti'71e te ~e 1 to cO'1)let-:: 
tLe reaction sfter co e .ce ,ent of lecompos~tion s H: .1 u:,:·s. 

Follov/ing or .i t .. is 8,;J.flratu6, a - ,e.l~ scale 
plant WB.S erected in Launce~ ton. "'he primary ob ect · ve "'1.3 

to obtain, if poss ible, sufficie.ct asphalt for a pr cti.:: 1 
ro d test, oy ~i'Jll t:Je P -olic 'or,:s Depart',ler-t co _d gain 
i.IL' pm:.-tion on t.,e suitaoility of t.le materi_l feP .. ,eir 
_urposes. As the Pk_ t ould De operat~d un'er c Itions 

.l.e reI' t b or'~ir:. !'y :i.. dt!ctrial ly~actice than wa tA case i r .:. 

the labor tory, it vas hope" that suff';'ci nt i J,:.-or:n tion 
ould De ootainab.Le fro tne operptio!ls to form t e o&sis 

for des i~nin,-, a co. 1e PC ia_ p1::ut . It should. be note ~ tt,c. t 
t[}~ experi ,ent-l as ect of t:.is 'or: \las sutservie.t to the 
obtp.inine:. of ",".ffi.cie. t asphalt for ;,'oad tests, i th the 
resu.Lt that or-ce conditions hed been established for obtain­
ing the asphalt, the . or' \las lal'vely standardised nnder t hem. 

A s ,etc'} of the ]!lant erected S:10" in", the essential 
features is ap_ ended, r Id the lant is mox'e fully described 
later in this erort . 

Fr om t.le 'or_{ carried out, t:Je c onrse of the 
l'eact ion by 17hich the licht s and c ol oured concentr'te is 
cuan.;ed to aS9,1al t may be described in general ter'"D as 
folIo /8 : -



As the temperature rises, & slo evolution of 
.10n- inf'la .mable gas takes place' ith little noticeable 
chan;:ie in the appearance of the concentrate . This is 
followed oy a considerable increase in the rate of gas, 
make, and the gas can oe i~nited . Traces of oi~ ppear 
at this stage and tbe concent rate is slightly dar.e led in 
colour. A relatively very "'a:;;i ~ evolution of Eas fo1lo'7s, 
wi tn a consideraole inc 'ea:"e in oil make, and t,le colour 
of' tile cha1'ge C11& es to , dark oro' n rhilst sti~l a 'pear in,.: 
relatively dr'y . This steEe lsually.arks the naXLlUf1 rate 

f' ~as f'low, anCi, in C'lany cases, but not necessarily, t,..e 
maximum rate of' oil make . The colour of the concentrate 
no', chan:;es to black 'yith consideraole oiliness, t ,e material 
beinw less ",ritty and sof'ter to the touch '~hen rubbed bet/een 
tne f'ingers, but is ::;till non coherent . As the cnm.,.:e 
proceeds, the concentrate, on cooling sufficiently, ;::an oe 
pressed into a chherent mass, which, ':.'hen cold, is some' hat 
resilient and rubbery in appearance but has no de~ilite 
melting point . Shortly af'terwards the c ,ar.;;e a,) ears as a 
f' r othy semi-l i quid mass Which qu i ckly becomes a liquid showing 
considerable traces of' partly changed spores . On cool ins 
at this stae;e, the char'se sets to a sli ~htlJT resilient, 
dull surfaced semi- solid hich readily me lts to an asphalti;:: 
like l i gu i d . On f'urt er heating, the ccarge changes to a 
soft bri...:ht oitwnen of a Lrade app1'oaching a light road oil . 
Continued ,leating si,nply distils oil f'r')m the asphfl.lt, leaving 
a res idual asphalt of a lleavier grade . 

JU1'ing the course of' the above chanzes, a yield 
of' rich gas .aaintained ',i th a f'lo v of' o i l, the rate of '''hich 
is controll~" by the rate of' heatinu ' In the later stages, 
the rate of o i l f'lo can be inc:'eased co lsiderably 'ithout a 
proportionate increase in gas f'lol'!, the conditions evidently 
a ... ~)r oaching more nearly an ordinary crude oil distillation 
as distinct fro~ th earlier s";ages .:hen the decomposition of 
the spore materi .. l 1s t. e controlling factor . 

DESC",IP','IO,T OF REACl'IOF RE~TIVE ';:0 '.~E!..PE;:{Ai'li.C A!) ..:'LE 

Total tLne run :late of' ne,tin?; Te, ueratllre 
per hour of' C.lar, 'e 

95 minutes 315°C Heatin started f'rom 
0011 . Trace of' water & 
gas over this period. 

11 0 11 40°C 325°0 

130 11 15°C 330°C Sli~ht i lc~ease in ias 
rate ol,t ati~l very ION 

a] rox . cort. 3 ton hJur . 

155 11 12 00 335°C Gas rate SOOl t doubl d 
and u as ·ust i~nit in,." . 
Oil vapours in cor,denser. 

180 11 12°C 340°C Gas ourning steadily . 
Oil beginning to distU. 
Charge is a non- coher -
e:lt dark brown po~der . 

205 11 12 0C 345°0 Very slo'r oil dist i ll-
ation. 

230 II 12 0C 35000 The char[e is a damp 
blac': f'ree moving 
powdery mass, a sample 



(Continued) 

Total tir--e r\'n Rate of Leat­
ing ller nour 

255 'TIinutes 

289 " 

370 " 

l'e'TI"Oerature 
of char -'e 

57f 

fro'TI which, after cooling 
sufficien:ly, compressed 
in the fingers t a r::oiler­
ent, somewhat rubbery mass, 
partly solub:e in c&rbon­
disulphile anl sho·.lino 
considerable un.J .• 9.:lged 
spores. 

The char.;e .,ad liGuified 
to Q blac. a3ph p lt but 
contained a large propor ­
tiO.1 of t..1convel't"d spores. 
On cooli'1~- a sample it 
set to a .Jome.,hat resilient 
oolid. Steady evolution 
of oil vapours and gas . 

C!1arge was a thin bright 
blaok asphalt, which, 
when cold would approx­
imate a penetrat ion of 30 

The following notes give data from our typical 
pilot J?lant runs. T e times are shown in hours or decimals 
of hours, gas nake in cubical feet per ton under atmospheric 
condi tions, rate of gas make in c'-loic feet per ton. er hour, 
oilnade in Lallons per' ton, rat.e of oil mac.e i'1 gallon" per 
ton per hour . Of the temperatures shown, T, represe:lts t h e 
flottest point of tne flue sUl'rounding- the converter shell, 
T2 a little ovel' half /lay to the stac:", and T3 the temperature 
of the cherge in the early stages before shrin'~age, _nd later 
the temperature of the vapours above the ,.,harEe. The flue 
gases entel'ing the stac. :ere genel'ally at a temperuvure of 
3250 C. 



DETAILS OF TYPICAL :PILOT PLANT TESTS 

Test No . 16 

Weight of dry charge = 168 lbs . 
Ash content = 35 . 4% 

Time run Gas made Gas rate Oil made Oi l rate II T2 ~ Remarks 
n. 3/ton ft . 3Zton GallonZ {'}als · Zton/ 

hour !£m. hour 

2 hrs . 30 ft. 3 15 ft . 3. 525°C 350°C 230°C slow gas make 
charge 

li ttle changed . 

56 ft . 3 3 hrs . 86 ft . 3 530°C 370°C 265°C Gas burning 
continuously . 
Traces of oil 

3. 6 
4 340 ft . 3 154 ft. 3 not taken 550°C 385°C 305°C Charge 

4. 25 3. 3 5 

4 . 42 6. 6 19 

4.66 9 . 9 14 

4. 91 13 . 2 14 

5 700 ft . 3 360 ft . 3 530°C 395°C 315°C Charge dark 
brown colour 
non-coherent . 

5.17 16. 5 19 

5. 33 19 . 8 20 

5.5 23 .1 19 Period of max-
5. 7 1 26. 4 16 imum gas evolu-

tion 
5. 93 29 . 7 15 ~ 

6 1073 ft . 3 373ft.3 530°C 400°C 325°C Charge not 
Ci'\ 



Time run Gas made Gas rate Oil made Oil rate T1 T2 T3 remarks 
ft. ~Zton ft . ~Zton Gallon! Gals·Zton/ 

hour ton hour 
Liquified. Damp black 
mass showing signs of 
coherence when pressed. 

7 1260 ft . 3 187 ft . 3 33 3 535°C 280°C 290°C Temperature set back 

° ° ° 
while testing . 

8 1380 ft . 3 120 ft . 3 36.3 3.3 550 C 400 C 320 C Frothy liquid mass 
sets to resilient solid . 

9 . 1533 ft. 3 153 ft . 3 39 . 6 3.3 540°C 400°C 320°0 Liquid with unconverted 
9.6 42 . 9 5.5 spores. 

10 1693 ft . 3 160 ft. 3 46.2 8 . 2 5508c 400°C 335°C Fully converted 
49 .3 

Test No. 22 
Weight of dry charge = 170 lbs. 
Ash content = 37 . 2% 

2 hrs . 10 ft. 3 5-ft. 3 525°C 360°C 240°C Sl ow gas make little 
change (gas burning 
continuously . 

2.5 

3 88 ft. 3 78 ft . 3 515° C 380° C 280° C Gas r ate increasing 
rapidly . Traces of oil. 

3. 5 
4 345 ft. 3 257 ft . 3 3.3 3.3 500°C 390°C 310°C Peri od of maximum gas . 

4. 5tl 6. 6 6. 5 , 

5 474ft. 3 129 ft. 3 9 . 9 7.9 440°C 360°C 300°C Charge darkening . 
Heating rate eased back . 

6 645 ft . 3 171 ft. 3 11 . 0 1 • 1 400°C 340°C 290°C Charge darlc brown 3lld 
non-coherent. 

~ 



Time Gas m9de R te Oil ] ... ade ~ T1 T2 ~ re arks 
7 753 ft . 3 108 ft . 3 12.5 1. 5 470~C 370°C 290°C Charge a non- coherent damp 

black mass. 
7 . 33 13. 2 1.3 
8 872 ft . 3 11 9 ft . 3 510 <t: 380 °C 300 °C Signs of coherence. Sets to 

a black somewhat rubbery 
solid . 

8 . 4 16.5 3 
8 . 91 19 . 8 6. 4 
9 1041ft. 3 169 ft . 3 20 . 4 6,6 520°C 390°C 320°C Charge frothy semi-liquid 

setting to a black tacky 
resilient mass . 

9 . 4 23 .1 

10 1200 ft . 3 159 ft . 3 26 . 4 5. 6 500°C 390°C 330°C Liquid conversion incomplete / 

ft . 3 ft. 3 475°C 380°C 11 1325 125 33 6. 6 330°C Fully converted 
Test ~8 

Weight of charge = 158 lbs . 
Ash content = 26% 

7 ft . 3 3 540°C 345°C 200°C 2 hrs . 3. 5ft . 

3 28 ft . 3 21 . ft . 3 545°C 360°C 225°C 
3. 5 Gas burning continuously . 
4 170 ft . 3 142 ft . 3 580°C 390°C 260°C Traces of oil. 
4. 83 3. 54 

5 453 ft . 3 283 ft . 3 580°C 410°C 305°C 
5. 16 7 . 08 10.7 
5.5 10. 62 10.4 
5.7 14.16 17.7 

~ 5. 83 17.7 27 Period of maximum 
6 836 ft . 3 383 ft . 3 550°C 400°C 300°C Gas evolution 



Time Gas made Rate Oil made ate 1:1 .I,g :D remarks 

6.16 21.24 10.7 

6.4 24.78 14.7 

6.83 28.32 8.2 

7 10261't3 1901't3 pOOoc 385°c 315°c 

7.41 31.86 6.1 

8 12001't3 174f't3 535°c 385°c 300°c 

8.7 35.4 3 

9 I 1368f't3 168f't3 550°c 400°c 315°c 

10 1492f't3 1241't3 38.94 2.7 575°c 415°c 325°c 

10.17 42.48 20.8 

10.5 46 •. 02 10.7 

10~83 49.56 10.7 

11 16521't3 1601't3 53.1 20.8 575°c 425°c 335°c 

12 18801't3 2281't3 64 11 575°c 425°c 335°c Heat 01'1' at 12. 
Fully converted. 

----- -



Test ~Z· 
Weight of oharge = 152 lbs 

Ash oontent = 25.3% 

~ Gas made Rate Oil made E.lli T1 T2 .lL remarks 

2 hrs. 9ft3 4.5ft3 
530°0 372°0 230°0 

3 78ft,3 69 ft3 550°0 390°0 280°0 
4 321ft3 243ft3 Traoes 560°0 410°0 300°0 
4.5 3.68 

5 604ft3 283ft3 7.36 7.36 530°0 406°0 310°0 
5.5 11.04 7.36 
5.92 14.72 8.7 
6 928ft3 324ft3 570°0 425°0 330°0 
6.08 18.4 23 
6.25 22.08 21 

6.5 25.76 14.7 
6.83 29.44 11.2 

7 1230ft3 302ft3 
525°0 405°0 325°0 

7.5 33.12 5.5 
8 1422ft3 192ft3 545°0 420°0 330°0 
8.25 36.8 4.9 
8.75 40.48 7.3 

9 1606ft.3 184ft3 44.16 14.6 570°0 430°0 340°0 
9.25 47.84 14.6 

1732ft3 126ft3 51 . 52 14.6 575°0 430°0 ° ~ 9.5 355 0 
9.67 55.2 21.6 oonversion oomplete 

1901ft3 63.5 Heat off Finish 



JU J fu..\.~ 

'1'i ~ie~ il~ Acmeous Cl">11de Oil Gas Cub Lc lTlaccounted 

.le&t~~ 'dt -t-Lby t ,.. alls. Der ft . '1' ton. fo!: 
ton . 

23.54~ 8 82 8.3 1.3 3.4 21.1 105/3 5 l"ed' um reflux used 
AsprJa.i t soft C: ductile 

36.61b 2 · 5 77·2 13.9 1·5 5.0 35·3 1555 2.4 Fo reflux "oed.Asph-
alt penetration 
aI'prox. 150. 

25.17,6 6. 74.7 15.2 2 . 8 4.6 39.6 1431 2.7 Reflux conbiderable. 
30ft ductile aspha.i t. 

24. 74.~ 3 7iJ. 17.5 1.5 4.4 44.5 1370 2.6 ":0 rellux soft asphalt . 

29 · 7,~ 2.75 6, . 4 22 . 3 1.9 4.9 50.7 1524 1.5 • 0 reflux 

25.17/~ 3.3 65.2 23 2.2 6.9 60 21} ,0 2.7 "eflux used soft aSJ.lha.l t . 
, 

25.17/b 2.75 60 26.5 2 . 8 7 · 0 67.iJ. 2178 3.7 No reflux, a8~halt 
Grade a ')r OJ( . 80) 
penetration. 

24.15,; 2 . 5 59 31.1 2.0 5.6 75.2 1742 2 . 3 No reflux,as~halt grade 
llbout 80 penetration. 

, 

19 . 5% Lj .• 5 70 12.3 2.0 7·7 31.3 23°5 8 . 0 Conducted under pressure 
of 501bs . sq . in . soft 
d 'lcttle asphE.lt. 

bo . 2,& 2 . 5 82.7 10.7 2 . 5 2·5 27.2 778 1 . 6 3hale used for charge. 

It will oe see 1 t.lat a note :ort:,y per'ce ·ta 'e of the cha'''ge is not accounted for in the above tests. 
The apparatus used was not olitaole for accur~te quantitative ork, as it qS ~lfficult to recover the asphalt 
completely from the pot and stirrer at th" concl bion of each test. Atte !Uts bre lade to recover t.le asphalt,' 
co.npletely by solution but ,'ere u.lsatisfactor! . A removeable pot "as tried, out cO'1densati·,m of oils arowld the 
pot made tl is unsatisfactory . In the majority of instances, tl e ,.;reater pFrt of the loss can be credited to asphalt, 6" 
but, owing to occasionA ' vaJ?oUl' leaks past the stuffi~ glan , it bas been cunsidered best to se~re 'ate the fi[;ure . 
Vapour leaKage \lould account for the greater part of tne 108S in the exarupJ,c 0 a test carried out under pressure . 



",UIlI:.Arl.Y OF rtRSULTS .0BTAr T7,D n-:w!: PILOT PLAUT T"'"":STS 

Weight of Ash ,iea!- Maximwn Temperatures AG 'lhalt Crude Gas% 'J.'otal Crude Gas Yield I'aximum iiaximum _Time of 
dry char,cre content .illiL time ilecordedoc % by oil % EY. lfJiY oil cl,bic ft. Oil rate ,81!s rete :'aximwn 

!Ei. .Ylelds gal. 
gals/ton/hour FJ/ton/hr. Gas . flow hrs . lbs . hours T1 T2 T3 we i gllt I"leiciht weiDht weight per ton ger ton. 

182 27 . 5% 87 430 370 312 61. 0 7. 3 8. 9 77.2 19· 2 1 .2 81 

214 34. 8/0 30 485 350 285 78. 0 8.0 6 . 0 92 . 0 21 1844 1. 62 136 12 

11 5 30 . 0,b 30· 5 490 Y '5 305 70. 0 12. 5 7.5 90 33 2300 1. 35 146 19 
120 30 . 0% 26 515 385 305 75.0 13.4 7.5 95 . 9 35 22 0 6 -' 3 .4 168 8 

176 36.0% 28 575 415 335 76.0 15·1 6.8 97.9 3".6 2125 6.3 170 6 

177 37 . 8ib 15.75 600 ! 20 34) 73 . 0 15 . 1 6. 1 91+.2 40 1 96 12.6 234 10 

110 37. 8,~ 10 590 4@0 310 80 . 0 10.0 6. 0 96 . 0 26 .7 1683 31 306 6 

160 ?t / 37.8,0 17.5 570 385 320 76 11. 9 6. 3 94.2 31.4 1950 8 2°1t 8 

165 38. 5;~ . 16 550 375 320 80 . 6 10 . 8 6.0 S'7 .4 28 . 5 1 0L,0 4. 5 230 8 

164 35 . O.~ 14 550 365 310 79·2 11.3 5.6 96 .1 30 1720 6 219 6 

169 36.0,b 15 575 370 310 77 11. 3 6. 0 94. 3 30 1 70 5 239 6 

160 36 . O,~ 12.3 560 360 315 77 · 2 11. 8 6. 8 95 . 8 31 2100 5·25 252 3 
164 36.0% 12 565 355 315 77.2 11 . 8 6. 8 95 . 8 31 2100 4 300 5 
164 35 . 0,'a 15· 5 560 375 315 ) 14 . 0 6. 8) 37.1 2100 20 341 4 . 5 

168 35 . 4.10 9. 5 550 400 325) 74. 5 18.7 5.5) 06 . 0 40. 2 1711 20 373 5 
162 37 . 2% 10.0 560 400 330) 1 J . 6 5. 8) 35 . 8 1804 10. 4 332 4 

165 40 . 0/0 11 . 8 540 410 335) 13·3 5. 8) 35 1804 25 312 8 

162 3::; . Oi~ 12 590 405 330) 77.4 13.7 5. 4) 06 .7 36 1680 17 304 8 

163 37. 2,~ 10 570 415 325) 14.3 5· 7) 37 . 6 1773 14 419 5 
161 37.4 ~ 10.2 530 400 330) 14. 0 5. 1 ) 36.9 1572 14 236 5 

170 37 . 2,~ 9. 5 52) 390 330) 78.3 12·5 4. 3) 96 .7 33 1325 6 263 4 

168 38 . O;~ 13. 4 530 405 330) 13. 3 6. 0) 35 1845 13 320 6 
~ 

-----



SU, PLA~r r"8STS (CLlnt . ) 

lei ,ht of Ash J!eat- Uaximum Temoeratures Asphalt Crude Gas 'rotal CcuJe Gas Maximum llaximum 'r tme of 
dry cha!Ee Content in£:' Time RecordedOc %-2x Qil% ~ - % b~T oil Yield Oil rate GaG rate l'axinum 

',' ield ;,al. cubic ft. 
eals. /tonhn ft 3/tun /:lr. lbs. Hours T1 T2 T3 lie iSl. t weight ~e:ight we ight per ton p,~r ton. Gas 

17l.J 38.5% 12 530 405 33a) 14.3 5. 6) 37.7 1720 19 373 6 
174 36. o/~ 15 490 370 310) 77.6 10.0 5. 5) 98.1 26.3 1711 7 270 9 
146 28 . O/~ 12 570 400 315) 18. 9 6.98) 49 .8 214-, . l.j6 322 6 

163 25· 3/,{; 12 52') 400 320) 16.7 5·7 ) 43 . 9 1760 d4 220 7 

170 27 . 1;b 11 545 390 330) 16.9 6 . 0) LJl •. 5 1852 19 290 4 
140 27. 1/0 11 500 370 320) 73.1 19.3 6.9) 96 .4 51 2112 24 384 5 
150 28.6% 14 500 385 320) 17.0 6.2) 4L •. 8 1941 5 254 5 
165 28.6% 13 510 400 320) 17· 7 6. 1 44.9 1887 20 366 6 

155 25· 3/~ 11. 5 570 400 335 74. 8 16.4 6. 0 97 . 2 43.3 1820 36 462 7 
148 25. 3/~ 15 492 340 2/..5 71.0 19.0 7.0 97 .0 50 21b6 23 424 6 

159 25 .3% 11. 66 520 380 31') 69. 1 21. 3 6.2 96.6 56. 1 184.) 22 451 5 
153 25.3;& 11 550 405 335 70.6 21.1 5.8 97·5 55.6 1800 15 424 5 

167 25 . 3/0 14 570 425 350) 40 4a3 7 
152 25.3fo 9. 33 575 430 355) 22 324 6 

158 25 . 5,'& 12 580 425 335) 28 353 6 

170 26 . 5/'& 12 565 435 350) 69 . 5 20.72 6.35 96 . 6 54.6 1975 13 355 6 

166 25.5% 12 570 420 330) 40 350 7 
165 25.5;b 12.75 560 415 330) 20 353 8 

173 2j. a/> 12.75 585 425 320) 11 360 10 

147 29 . 0,b 11. 5 600 415 320) 23 335 7 

511 27· 1 (3 runs) 73 18. 0 6.5 97 . 5 47.4 2022 GradS of 3 charges -
~ 

l'-' 



l....,or PL.:.L.fr R~S~1!Ii?3: 

Excludin.; prelimin ry triz..8, a total 1:>,1S .... los . 
of et concentl'ate as used for ,spn It converui "l in a serieu 
of 45 tests. T,lis ~Ja~tity~pve 7 265 ~bs . 0" dry ~oncentrBte 
fr"m ,hich "'ere ootained '5,350 Ibs. of asph 1. t, 1,124 los of oil 
440 lus . of gas and a '.leous liquor amQunt' E; to app['oxi .ately 
2 ~ of t. e dry ch'r e. The reffia Lnder of tt. qU3.nti t" c.arLed 

. 3.b, vas mainly in tne form of carbonaceous mate." ~. "3rt­
icu_ ly in ':.he earlier runs, ::5_h&1. t !lot recover'e 1 aL:! eighe d 

~ ~eneral manipul tion losS. 

As a 18tt.er 0.:' i_v r3st, tue • rocess e .lied 
t" 6.1a-'.e s )~es frOM Preole.~~la and re'l 80uth 'eles, ou.t i"1 
eitl.er cas€' ere t.le results enco :ra15i'1",. 11 t. e (; ~e of 
ew doutn ales shale the product was a soft, non liC" ie, 
ill' OL~C. "l8.SS co Gainin~ paraffin wax. The 8_1 e ppear d 
j fJ~5S t,.rough a stabe s "1e {hat s Lnilar to t e L1ter ed'" te 
t .;e of the Tas.nani. te co l'lf rsion, 'hen d "11 bl c., non-

'Jctile, so ~e'ihat resilient mass could be o::JtaineLl, meven 
'1 rouz, in telZtlre an" infllsib~e ,l.thout 1eco .0 itio'l. 

'. 81.1 t i th the P ·eole 1a 6 •• ale [ave e -,-' _ht, r '>1':1 
!;OX'.. A~ort .L)itc~., JO~'le li::e &. se~_i-~ -ed c')a .... tal" pitch. 

_~ test ] '~ied out on ~ rich sa 11'le of r s ni te 
-" __ 8 os-,e sticky b1 tumi.nous 1SS '"ioh c L. 1'e s d to a dense 

. re ~ "'lcc \.. 

For trle ':Jose of this .c'e)ort, "1 b e 
s~lts oot~ined, tne yiel s of ~1'o'ucts rna co 

'3_1C01':.0lt 35)~ re ts_e!l 3.S fol~o s:-

"l ,e 
~tr te 

REP ESE:ITATI n 

As:phalt 
...,r 17J2 IDs . ')er ton = ,0 . .:1 = 

Or lde r" 12. 5.~ 2,0 2.uS . per + n 33 gals /~O""l 
'"'~~ = = " = 

Gas = 5· 
r , 

• J = 123 los . 1er ton --=1713:t3/+ 0 

..... illuor = ') O~ 
'-. 1 0 = 4~ lo~. ~er' t n 

,....,C 01 _ o. ,0 215~ 

D~SCRIPTION Off PrtODUJ~S: 

The above A"'pna,·t 1.' n' c mnos' ~ 1.' on ==~=,-,-,,--=u,-,_==~,-,,--,-=-"'-'-""-"'-"==.c..:.='",-' -" .. "--~ 
~:)f soh_lt 
-- "0" 

-. . , ., -- ~ ins l"cle II carbon 

co t_nt of fiLl~r 
ti:e att~r i. ~i-,-l r 

isulpn' e = 
• 

= 

':' e VJl t·J.e atter i tile fi.l 
~ t'le inor anie constitue~ts SUCLl 5 su 

= ..J ,0 

5070 
02 ' _ ,0 = 
8~ = 
~onsi~ts of 

oP co.1.'tit'.lti 1. 



in t"." clay snd c J.' on- i 'xide i ~ P-o C ~ bonates .'resent 
D~ tu.me . ao sorbed in ill,;' not 'Y'p"IlovAbl", oy ,01v'Ont, 
Cclroon for~ed during conv.raion ir ov ~r trostment ta.es 
place anll p& .. :tia..l...L..Y cony ·,t 1 orgq.....,ic att r . ~' he incl." s. ... 1:...: 
fi1~er in the asp''! .Lt corl'1i::ts 0'" ai".ply j'vide'l .1 "oy 
_,at-rial and quartz . ':'he mudstone "'hich ov"rlies and 1.'n'er-
..:.. ies ~.i e shale Gea ~ s o~ a flome {:-j,f" t ~ i . 1. r 0nrop .;:. Ion. 
Althou:h free fron oil bp r "ng n_,~pnic .. ~t+ r, G l.es 0: 
t __ is i1ul~tonf' sno' prJ "~.L,-,ht-lo se:; ov:.. . ...... ~ition, ..:'tvr ,:'re-
Al' :r_~, v r~-in", E' 3.78,1, to 6 . 46~ . ':'hero ~s citLe 'oub t 
t .. t )c.[,t of ~:le i~nition loss on t!:e ni,1.1pr '. e to inorganic 
matter. 

:::'he CO::l,.,osition 0:" ~r.e ash frpe soluble bitr "'!' 
v9r : es ac~ording to t ... e con~itions un:er hich it i3 0 ~~ined, 

,bJt tue 1'01' "'"lino wives t .• e characteristic ,.;rou, s .,resf .t : -

Asphflltous ecius = 1 . 04.; 

As;?h Itou c i. - anhydrides = .76,6 
AS;;Jhal te ne s = 30 - 32. ~.b 
Oily constitlents = 26 . 8 - 3c 5-cf . . ' 
-; . "eSl:J.OUS compou 1 s = 3: . 0 - 26.36 
Carbe :lea = ~ee.Li~-iu-,-e to o. 2/~ 

The specific T vity of the total asphalt "open's 
ar' "e l '" on the amou:l"t of filler pres~~t, tY"Jice...L. Z i~ ~:' ~s ue; no.-

1. 33 _t 77/770? for an asph It o~ fiLLer content = 37 . 6~ 
a!'ld 1. 55 at 77/7707}' for one of fL.J.e. co .tent 56 o . 

The specific oravity o~ tne soluole uitJ eJo:11s 
on t .• e grade, that or a light erao.e bein~ 1. 047 t 77/7ioF. 

The soluole oitlli en is vel' duct i le, and tne ene ­
tration and ductiLity Vfl y ith t e treat ent. Tests sve Jeel 
c::.rrie· out by fluxi:J.u tne asp!:c lt " i th residuc.l. oil obt ' nee. 
from the bye- )roduct cru":e oil by ·',i.,tillation , a., .de.li.lu 

tne fluxed as;;Jhal t oy blo, ine; \. i td air at 25000, for var'-~l':; 
perio_s . Ey t;lis ea ,s, a pI'oduct of any desired E' "'ee of 
hal'd .. ess . cas obta ined. 

Tests ere ~lso ca:''''ied out by "e tin. t ~ .p .J.\.lxed 
sph~lt i tb varying amo~~"s of sulphur, from 2~ to ~~ . 

• he prod tlc t Yas "ee vere'l. ae a tou~h, some bat resilient mass . 

Tests on suitably graded asphalt as a case for bitum­
inous paint an" v rnisn n for mo Ide~ articles il"cated thet 
it should be Sl it bl':l for s ~c". puposes . I f there are co,:nerc i al 
possibilit i es f oc s l.oh side applications and for i'1f lating 
and 'ate. -~)Doofing uses ) 1"Q Jor t s 11'l. cest be obtained ~ron. 
s;ecialists i n tbese i ,1 Hstri s . 

Ex:p~ri nent in tne elf\ lsificat ion of tne as';l1alt 
Lave oeen car'il;ld 0 ~ i t .. e col1:::>i 1. mill pater:ted 0," :::uole-1ffi 
Ltd. of J~elbourne ~ t h taoil iser s used for 'roleum bi t ... nen. 

'ith fi ~ ~ el' co ,er.t as 10'1 as 2~, at emtps to e 1,i~7 ere 
unsuccessf ~_ . FurtIler 'or: is required to fir:" 9. 0 .:.. taole 
stabiliser. \ 



Test oloc ts '~re a"e 17i th v rying grades of 
aspha1.t and diffene.'lt aggre 'ate mixes a'l'" submitted to 
Publ ic W"rks De 'art.nent Officers for examinat ion, and 
the asphalt has oee~ sed by the Public or~s Depart~eut 
in g road test. ~eport8 have been outained on its 
behaviour 1mile being laid, and under traffic condi tio!l.s . 

Co Jplete physical tests on the sphalt have not 
been cs.rried out owing to lack of the sp~cial aDp~ratus 
required . 

The cru'e oil obtained is considerably liuhteL' than 
normal crude oil obtained from shale . The specific uravity 
varies according to the conditions under which conversion 
of the concentrate takes place, and, in general, raUEes from 
0 . 85 to 0.88 at 66°f 

Dl.-rinz conversion, the oi obtained in t Ie earl" 
staees was very d"rk in colour, tdat distillin~ later , ;0 light 
ve~ 0 , water cle' r, althoue;h chanCing to a reddish 'vine 
(;O.l.our ° exposure t "ir. Samples were t,Ken for "'istill­
ation ana13s ' ci at v"lrious ,ta,:es of te test, 'lSual y repres­
enting tue comnencement, at quartz ti,e, ~t ha.l.f time, at 
thr e qU8,rter time and at the finish . Inerery case, the 
distillate from the first sample went off colour at an 
earlier stage tha!l. with the others, and, on sta!l.ding, darkened 
in colour till it became practically opaque. TLe other 
samples gave distillates light il'. colour when kept from 
contact ',7i th the air. In ;;enera1 it ,as found that the 
oi.ls be~c.ne pro ressiveb' lighter in boili 8 rar.Ee as the 
convel'sion proceedpd, but co'"!siderable variation was noteC-. 
~,le effect is • r"sul.lablJ due t c_'ac:ing of tLe reflux, 
al thoug'l any efDect on the Eas ,!iel'~ appears to be mas ,I:ed 
by ti1e "ain re- action, s.s the li,.:'lt:::St oi.ls wer obtained 
'::he'"! the gas yi.eld VIas relatively lO'"f, al thouEh t:le ch L'~e 
and setti'"!.; .. 7ere :U'O nd the aX;'Ilum tempe"atures . 

Apart from the li~ht gr ie, the oil is simil_r in 
character to n w'r"1al ':i'asmani te Shale Oil., an' tne in 01'­
mation contained in ti,e ~~eport of the Tas"1anian Sh, Ie Oil 
Inves';iuMtion CO,j mi ttee, Geolooical Survey lii'ler'u .• es l'rc"'s 
70 . 8, Vol . 11 , 1933, can be tate. 3 arplicable . 

The crude oil and a neavy 'istillate froo. the oil 
Vii th hydrogei'l sulphi "e removed, have oee:'l te"tec bv the 
Engineering Department of the Taslaania eniversity as 
diesel fuels . Reports on their bellBv i our have been obt ined. 

The follo'ling a .. al'sis of t.le oil VIBS ootain 
Dr. ~.1 :-

DI8'l:ILLAT I ON XTALYS I S A.S . ':'.!. . 100 m. ~ . dry setded oil. 

Ini tial b"il1.10 p oint (first drop) 75 0 c 

11J~ over 137°c 

2a;~ over 172°c 

30~ over 207°c 

40,b over 235°c 

50% over 255°c 

60,~ over 269°c 

70% over 282°c 

80,>& over 2<93° ( 

90{o over 315°c 



1"0 water distilled over uring t:1e test. 
Specific gravitr of the oil 0 . 8572 at 15°c. 
Saturation 50,~ '" 1% wi un three volumes of 1. 84 Sp . 

cr. sulphuric acij . 

Sulphur Content 2 . 31"b 

A sta'1dard refinino test on a:lother sample of the crude 
ell, using caustic 9009. solutio , sulphur ic scif' of specific 
gravity 1.8u an~plum 'te solutioCl gave the folIo ling yields 
of fi:J.i,,_.ed products. 

Motor spirit = 18.5. S 
Po ler teru co ,o'1e = 29.4~ 

rtesidual f uel oil = 43 . 0 ~ 

Treatme'lt 10:;3 = 9. 1,6 

The details are as follows -

Volume of ori, inal sample = 40) ccs . 

Initial boilin;, point = 78°c 

10 ccs_ over at 116°c 
20 II II II 125°c 
30 II " II ,31°c 
40 .. .. " 137°c 10% at 137°c 

50 ccs over at 142°c 
60 II II .. 147°c 
70 .. .. .. 151°c 
80 II ... .. 1l} 7°c 20% at 157°c 

90 ccs " " 161°c 
100 .. " " 164°c 
11 0 II II II 168°c 
120 170°C 30% at 178°c 

130 ccs II .. 182°c 
140 II .. .. 187°c 
150 II II II 191°c 
160 " II II 195 0 c 40,~ at 195°c 

170 ccs " II 1 9S'° c 
180 II II II 206°c 
190 .. .. .. 210°c 
200 II II II 214°c 50,% at 214°c 

210 ccs II .. 219°c 
220 .. .. II 224°c 
230 .. .. .. 233°C 
240 .. " .. 237°c 60% at 237°c 

250 ccs .. .. 242°c 
260 .. .. .. 247°c 
270 II II " 250°c 67.5% at 250°c 

Tl1e li",ht distillate to 237°c (240 ecs) frlffi the 
distillate was re-distilled into • 

two fractions . 



A. 
boiling 

1600 c 

point = 

= 

= 30% of original 

B. = 
= 

S.M.lPLE A. 

crude oi . 

11 8 CCS. 
2 Q .51o 0:: ori£inal 

crude oil. 

Given 10% of a 100 causti c soda solution, we ll sha..l<;:en, 
settled, and tar rUl1 of.l. . 

'later vas ned 

Given 3~ of sulphuric acid, 
in 2 lots 
. ater wesned and neutralised 

"lashLlg loss 
II If 

sp . gr 1.84, 
"las:ling loss 

It tr 

Total loss 

= 
= 

= 
= 

7. 7,~ 
0.86~ 

The oil wa distilled, tne distiLlate iven a 
sodiu£l phlmbite solution 17ash, and was redistil.Led. The i.lal 
distilLate lad a!l e'1d point of 142 0 c, and the yie~d 'as 74 ccs 
or 10. 5,& of the ori3inal cru'e oil. Apar>t i'rom t le 10 er end 
poi t1.t, t:,e spirit ap. eared to De s 1..YJilar to petr01s outai,led 
by sLnilar treatment of nor:nal crude oil from Tas anite . 

The residual oil from the t.'eatnent of sample A 
was combined ,'.ith sample B, £iving 150 ccs . Sample trp.a+ed 
'1i th 10,~ a 10/0 caustic soda solution - washin", loss = 5 . O,~ 
Waterwasned " "= 1. 0,% 

3% of sulphuric acid in tvo lots 

ater 'asned and neutralised 

Tde total treatment loss 

Oil recovered 

Adding ~anipulat io n loss, 
total loss 

The oil was d istilled . 

Disti late 117.5 ccs 

Residual oi~ 12 ccs. 

" " = 

" " = 

las 12.2~ 

= 130 ccs 

13.3.% 

= 29. 4;-b 

= 3. CJ:"b 

DISTI ... LF.TIO:' TESTS uHv YING VAil.L'l.T I Ol" I'T CRUDE OI L AT DI3'FERE:? 

STAGES of Cm~JERSIOH 

Total oil yield 2.5 ~aL+ons . ~ioht of co centrate 170 lus . 

A. Sa.,nple 1. frol t. e first g,Ud t of distillate. Gas 
flo at time apPl'oX'imately 15 cuoic feet )er :lo11r . 

I nitiuL boiling poin" 

50 0 c - 100°c 
1100 c 
1200 c 
1300c 
1400 c 

= 2. 2{0 

= 4.36 
= 6. 4~ 
= 9. O,~ 
=10.27& 



500 e 1500e = 11.7% 
1600e = 14 . 6,'0 
170°c = 17.0;6 
1 vOoe = 1 • 6,~ 
1 "Ooe = 22. 2/~ 
20:)Oe = 25. 8,~ 

SaP.lple 2 . 4th Quart. Gas flo ( 8.)proxi.'1ately 9 ft.3/hour . 

Initial boiling point = 56°c 

56 - 100°c = 2 . 6 ~ 
11 0°c '" - = ~ . 1 /~ 

- 120 °c = o 0 1 
~ . f J 

- 130°c =1 3.1,'0 
- 140°c =17·2,0 
- 150°c =21 . o;~ 
- 160°c =24 . 0 ~ 
- ' 170°c =2 0 . 0 ~ 
- 180°c =32. 3,~ 
- 190°c =37.0;& 
- 200°c =42 .4,1 

Sa,nple 3 . 7th quart . Gas floVi 12ft3 /J'lOur . 

Initial boilill6 point = 48. oe 

48 . - 100°c = 7 6 f ..J . , ;) 

- 110°c = 6 . 4,~ 
- 120°c = 1'1. O. ~ 
- 130°c = 13 · 3 ~ 
- 140°c = 17. o,~ 
- 15C)°e = 20 . 8,b 
- 16C)°e = 25.5~ 
- 170°c = 31 . 1 b 
- 180°c = 34. 1)b 
- 190 0B = 39.06 
- 200°c = 45. 7.~ 

Sample 4. 10 th qU"Irt . Gas flow a '.prox i matel 9ft.3 per "r. 

I itial boiliIl';; point = 46 ° c 

46 - 100°c 
11 0°c 
1?00e 
130°c 
140°c 
15C)°e 
160°c 
170°c 
180°c 
1S00e 
200°c 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

3.30 - , 
o . 1 0 

9. 1 j 

14.2 j 

17.7 j 

21 . 7;~ 
2b.O ; 
29 .-
33. 3~ 
38.6;0 
45.7;b 

B. .eignt of charge = 174 lbs . Total oil yield 2 . 95 6allo~s. 

SampLe 1 . First ~uart . Cas flo I 17ft3 per l1?'lr. 

Initial. b ° i.L 1.1.::; point = Sooc 

66 1(100e u OCle i'1 ,.. ceiver 
- 11 0°c = O. 4.~ 
- 120°c = 1 . O:~ 
- 130°c = 2 . 0 ~ 
- 140°c = 4 . 4"j 

150°c 
.., - = tI . 0.0 

- 160°c = 14. 4:~ 



66 17/oc = 18 . o~ 
1 0°c = 21 . 1 0 

- 190°c = 27 . 0:0 
- 200°c = 32. O,~ 

Sa'llple 2. 4th Q aI't . Gas flo,v 2" cubic ft . iJer hour . 

I nitial boili'1g 

49 - 100°c 
- 11"oc 

12Joc 
- 130°c 

1 !+Ooc 
- 150°c 

160°c 
- 11"'oc 
- 180°c 
- 1 ... 00c 

200°c 

poi'J.t . 
= 49°c 
= 2 . 4~ 
= 4. 3 j 
= J.O 0 

= 9.4,~ 
=12 . 0,~ 
=15 . o,~ 
=19. J'i 
=",3 .1 0 

=26.3'i 
=2 9 . 0% 
=34.4% 

Sample 3 . 7t. '< s_ t. G S -"~o·.! 26 cubic ft . er .1C; r. 

5 - 100°c = 3. 3) 
- 11 Doc = 5· " ) 
- 120°c '" 9.8,'6 
- 130°c = 1 3 . 3,'6 

140°c .;.17.7'0 
- 15"oc = 2 1.1 .~ 

16"oc = 26.4,;; 
- 170°c = 31 . 1 r, 

1dO oc = 35.5,1, 
- 190°c = 37. O,~ 
- 200°c - 41 . 1 ~ 

Sam.le 4 . 10t.l Qlart. Gas flo 7 cubi.::: ft . e" hot:r. 

Sam .J-e 5. 

I~iti ~ ooil'nB point 
~30e 

3 .7. 0 
7.7 b 

53 - 1 0°c 
- 110°c 

120°c 
- 130°c 

140°c 
- 150°c 
- 160°c 
- 170°c 
- 130°c 
- 1 "Doc 
- 200°c 

= 

= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

12. 2.~ 
17. 2 ~ 
22 . 7 r, 
2;J . o,_ 
-4 4 1 
....) • ,0 

40 . 0 ~ 
40.0,1, 
54 . 4 ~ 
62 . 20 

Ta ~e 1 fr 
. 1e tL g 

. t.le 1 t of the 'listillate fter 
, 0 en cut off . G_ flo ":'t 3/:.0U!' . 

Initisl oo i lin:; point 
= 60°c 

60 - 100°c = O. ,0 

- 11 0°c = 2 . 2 j 
- 120°c = " 0 1 

• ,0 

- 130° c = C' . 1 ; 
- 140°c = 14.0; 



10 

60 - 150°0 = 1 0" v .. ;;,0 

160°0 = 25 . :) 0 

170°0 = ?S .. Ol~ 
- 1 '30 °0 = 34. 6 ~ 

1"0°0 = 4 0 • '),~ 
- 200°0 = '+6 . 1 ~ 

~he -:e':l8 ity 0:' tl:}e as 0 tai"led fro convers io n of t:le 
oonoe.tr te v-ri~1 at i erent sta~es o~ the t est, ~ i ures 
outa':'.1e.': r·a .. ~i:1g fr . 0 . 0343 Ibs :er o'..oic foot ~t the oegln i!lg 
t o () . 0658 los 0er cUuic feo at tne e -d, '~i th an avel'age v lue 
over tole ma i n 'eco ::-"e'tlo.'1 pe~'iod of ~ . 7 1 b, all ~ec'~oned at 
: .. "1 0 P .. 

r:'he arras ot ser' ubed t "'emove l ' h+, ' .:,,-'"'::'oc pbn'1s . 
In vie of tJ_ reI tively , 11 scale ~! op~ratio"s ~" +0 }l·te_ 
. t is u:'11 i. ely t t sCI'ubbing of tLe gas wi 11 oe co <'i ''''1°' C . 
Ca~orific values were net tuken, bt t froM t;'1e time he 1 c lb'IS -; 
t-:_u:!"P gas o"~)e-rs till t ... e ,Zi -1.0'1 t. __ e s r c< i "t". rich lummous 
1"1":" ... e. Des.:.Jite the Qres""' ce 0:::' !':! cO'1'""i le ~.ble ,} .. t ..... ~ v'S: 

.. ~r'ro..:..e_1 sul_:Y~ ~ ., c r::>~n 'iaxi"e, t __ € a a) e ~) to ~e 
:,. ... ic.-.. er t~; ..... ~_ .1cr '"': c')al ..... as, and sho1l_u. rov:' e t east ~ 
J' .... ,or S ::>cr ton of co .... _c,av::~-..... o~o. 

DTSC:.·SSIO: .... O~ T?E "','OR1 I r R~_:~IOr :-.; PLio: .. D4!ST~:·"'l,-, ~ T AR'7ER 
SCAL~ ·VORK. 

?r 00- DIy t . 'e !"~S"':; fl..-",C'O,-,O under corru e cial oper a tion 
to the conditions required is to oe fo . n1 i'1 an in1ustry estab­
.l.ished in t · e United States f ~r the .la '1ufacture of spl1<>lt l'rom 
tne mi~eral Wurtzilite. Tnis industry i~ described in ADraham 's 
book on "Asphalt and Allied Substances" from wh ic "he o.i._owi ng 
brief account is abstracted. 

"The insoluole, infusiole wurtzilite, "LS cruQuej to brea l!: 
coarse lumps and fed to a norizontal cylindric pl Qti~~ + ~ough 
two onu-ging hoppers, one at eit-her end, provided with tibhtly 
fitting covers which are faste'1eu into place before the fires 
are started. The bottom of the still is pr otected by a fire 
brick arcn, and the prod, .ets of combus tion , after pas R ing under­
neath the arch. are returned in three f i.re flues ( one 10" in 
diame ter and 2 by 6"), and thence bac£ aga in in t e space 
surrounding the stil~ above the arch. The vapours renerated 
by the wurtzi~ite pass up/ards tnrough two pipes joined to the 
top of the sti~l near t ne ends. and cOll.lected with a single 
water cooled coil, which condenses the vapours and returns most 
of the condensa te t o the still . Best results are obtained if 
2 t o 5% of the distillate (ca sed on weight of charge) is drawn 
off. 

It takes fr om six to eight hours to raise the temperature 
of the charge to 400°f, then f our t o six h ours to reach ~aximum 
temperature 580 0f, which is maintained from t wenty - f our to 
thirty- six hours, and the contents are then allo"/ed to ,~ o ol to 
4500f, and drawn through a valve at the bottom. " 

The general i dea oehind the ab ove process is similar 
to t at under discussion, but t here are several vital differeoces 
which preclude the esse~tial simplicity above, the most importa'1t 
difference Jeing the temperature required, 750°f, i n the case 
of Tasmanin as against 580°f in the case of vrurtzili te. 



GENERAL DISCUSSIOI OF HANDLI:,G lrETHOD FO LARGER aCALE 
OPERATIONS. 
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The work to date has been li~ited to batch processing, 
and t ,e results are not encouraging i~ large scale operations 
are considered solely on a oatch basis. The heating, time 
and handling ~actors would probably result in a prohibitive 
cost. 

Some consideration has been given to a plant working 
under continuous conditions. The tests on rapid heating o~ 
t"e concentrate, b'T having a heating sur~ac e relatively large 
to the quanti t y under treatment were not encouraging as there 
was di~~iculty in preventing carbonation o~ the material. The 
conditions would oe approached by passing the co centrate 
through a heated rotating kiln. Similar di~fi culties do not 
encourage the use o~ a molten alloy bath as sometimes used for 
tar distillation. For continuous 'Noroe, it appears that cond­
itions which have made ~or relative ease o~ conversion to a 
liquid phase are closely paralleled in a plant o~ the Salermo 
type, a descriptiVle drawing o~ which is attached to this report. 
This plant has been designed primarily ~or retorti~~ sale, 
and has also ~ound appl'cation as a drier. I n consiceriD~ 
its suitability ~or the process under discussion, the following 
points should be noted:-

(1) The liquid phase o~ the concentrate occuoies approx­
imately one quartr of the vlume o~ the solid phase. 

(2) Tnere is a pOSSiDility that the concentrate passes 
thrvu'h a stage which might tend to ball up in the retort, 
causing inter~ttent variation in the through ~ut rate. In 
a batch process, apart ~rom a temporary e~fect on heet 
transfer, such a condition would be unimportant, as tnere 
is no question o~ trans~erri.ng the material under treatment, 
Given s~ficient time under the influence o~ reflux oils 
and heat, the charge liquifies. In a continuous process, 
difficulties similar to those encountered in attempts to 
handle intumescing shales by continuous means may be encountered. 

(3) I n the case of retorting shales the condition of the 
residue is unimporta~t, provided it as been efficiently 
exhausted of oil Dearing material. Operations are therefore 
conducted witn a reasonable working margin for control. In 
the case under consideration, the residue is t he principal 
mar{etable commodity, and its value is seriously a~fected by 
over or under treatment. It is quest ionaDle whetner the 
operation of a continuous plant under the requisite conditions 
would be suf~iciently steady and capable of accurate enough 
control to maintain the desired results. 

( 4) The b alermo plant is an expens i ve type, and o~ its 
nature a single unit would be designed to cope wi th the 
required throughput . Any hitch in the working of t.lis unit 
would result in a complete cessation of output till remedied, 
with cop~equent standby losses. 

Apart from the above considerations, the advantages of 
continuous wor'dng are obvious, particuls.rly from the as}ects 
of heating efficiency and wear and tear. 

Consideration o~ the ~actors involved indicRtes that 
the process lends itsel~ conveniently to some com ~romise 
betlleen purely batch an' continuous work, and it is S'lggested 
that development pro~eed along these lines. 



1J. 
It is recommended tnat the wet concentrate from ehe 

flotaoion plant filter be feJ to a co~tinuous drter d!11 pre­
heat er of approximately 15 tons daily capacity, neated by 
the waste heat from a second sect i on of 1;.,e plant descrioed 
later. At this stage the concentrate would be dried and 
raised to as near 3000c as practicable . This section of the 
plant Vlould be in accord with standard practice, and, given 
the necessar y data, ma':l.ufacturers of drying equipme,lt "."Iill 
be in a position to mate recommendations as to type and cost . 
No difficulties need be antic ippted which are not encountered 
in indibtrial drying practice . 

From the drier the concentrate 'ould be discharged to 
a closed heat insul~ted Din b' a suitab_e conveyor, the Din 
to act as a charging reservoir f0r a oench of converters. A 
suitaole conveyor running in a closed insulnted c sin- ould 
carry the hot concentrate across tne oencn of converters, 
eacn converter having a feed bin co nected oy Slute i th the 
conveyor casi'1;, .lith sui table arrangement f or opening or 
closing access to the conveyor . The feed ei!J.s to each converter 
would require an arrange elt for positive feed by which suff­
icient comrentrate was maintainen in the bin to provide a seal 
aga i ,s t vapour leak fr om the co .. ,," ""ter 'rhile loa i "-6. ';?e 
pressure iE tr"e converte~ [t "o1'i5 pericc need not be more 
than a fe' inches VIater 6,t:(,e. 

It is poseiele tnat if air caillot oe kept at a suff­
iciently low concentration in the plant oet,{een the drier and 
tne converter, It may De !'lee-essary to omit pre-Deati of the 
concentrate on account of combustion risk. Hot dry c .lCe'1.trate 
at an average temperature not eAc 0eding 200 0 c, if .o~t for some 
time in tne pilot pl.a!'lt "ith t e cover plate off all.ol'ling free 
acc"ss of air ~as oeen cno"'n to star"t a slo" sponta "~ous 
c r.lDust ion .{here in contact . i th the hot metal sides . Local 
temperature was probably wei above 2000c a~ the poir.t of ~O!l1-
o ~t ion origin. The concent ate can De taKen as consider ably 
1l0~oe inert than fine coal of si .1il"r si'le. 

Assuming that each converter .1as a wor'cing ~apac ity 
of 1.5 tons of 'ry concentrate, and that the be r:h contains 
five u~its it a sixth as standey, t.e follo iug sequence 
of operat i ons is deduced from exnerience ith the pilot plant . 
The figu~es a e not intended as a forecast of probable act~al 
results. but are used to indic te the proposed SEcuenae of 
operation. 

TI E 30. 1 U IT NO.2 U,Tc roo 3 U'IT ~lWIT 

2hr.24 m.llS. 1.5 tunsfd; . Fd.started 

4 " 48 " Treat· ':1g 1 . 5 t ) "lS fed. Feed started 

7 " 12 " " Treating 1 . 5t ons fed. Feed std. 

0 " 36 " " " Treating 1.5tons Feed std . 
J fed. 

12 " Liq.Fd .St. " " ...'rea ti:Jg 1.5tons 
fed . 

14 " 24 " 3 tons fed T' "fd t .... lq. . S • " " .'-reating 

16 " 48 " Treating 3t !J.s fed . Liq. fd. st. Treati!l.g " 
19 " 12 " " Tr a ing 3t9ns fed. Liq. f'l. st . " 

21 " 36 " Finished' " Treating 3to'lsfed. Liq. f 
& run off) 

24 " Fd. std. Run off " Troa t i!1g 3tons 
fed . 



It will be s ~en tnat it is proposed to incre3se 
tne actual batch ca~a~ity of tne unit converter by f eding 
a seco.ld'~charge when t e :'irst has liquified. The relatively 
small volume occupied by the liquid makes this possible, and 
the conversion of the second charge will probably be assisted 
by the pres ence of the a sphalt . Small scale tests do not 
indicAte that the first conve~ted aspbalt, will suffer from 
the longer period in the converter, as the temperature of the 
cha'ge is 10Vi enough to prevent damage. 

The above method affords a near apuroach to continuous 
operotion, the heat lost during the run off period oeing 
relatively small, and the greater proportion of the plant 
bein;; al'vays in operation. There is also positive control 
of the required end point of the reaction, and the provis ion 
of a spare unit for use in the event of repairs, would not 
be a costly matter. 

If the aoove general method of haniling the conversion 
phase is accepted as offering the best "rospects for economi1!T 
working combined wi th positive control, it will be essential 
to nave definite information on the actual performance of a 
proposed full scale uni t converter, Defore deta ils for a 
large scale plant can be finished. Experience in plant 
pe~formance involving heat transfer has sho';[n th3t tnere is 
serious risk in ,vor~dng by analogy from one system to another 
in which essential dimensions are altered. 

It is therefore proposed to erect one such unit to 
obtain information on daily capaci ty, fuel require~ents, 
temperat'lre and voL::me of waste gases, make gas velocities 
and effect on dust entrairunent condenser capacities, efficient 
utilisation of permanent ma~e gas, and general engineering 
and mechanical behaviour. Some of the above data will have 
a bearing on drier design. 

Since no drier will be available, it will be necessary 
to dry the cllar ge in the converter as with the pilot plant . 
To gain information on the effect of doubling the charge, it 
will be necessary to run hot asphalt into !l. c,.ar,J'e predried 
in the converter, out the fi~ll effect will be similnr to that 
in the proposed plant practice. 

DISOUSSIQ}T OF DESIGr FO, LARGE SCALE l'1HT COlNERTH'R 

The pilot plant unit was in the form of a close tank 
of U shElped cross section, 4 ft. long by t'venty nine inches 
deep by sixteen inches 'ide, fltced ith a 1t inch steel shaft 
set along the longitudional axis of the semi- circular tank 
bottom, and fifted with T shaped paddles arransed to sweep 
the whole of the semi-circular surface, wi th an end arm 
sweeping the end surface exposed to the hesting ~lue. Tbe 
tank was of * inch mild steel plate, and wae fitted with a 
cover plate of the same metal bolted into position "lith 
suitable jainting material, the til inch bolts being spaced 
at 3 inch intervals. 'rhe tank interior cOL.ld be coveniently 
exposed for access and examination by removal of the cover 
plate. A short section of 6 inch pipe with flanged end was 
welded to the cover plate, and fitted "lith removable cover 
for charging 'Ourposes . A length of closed 1t" pipe was 
welded to the ulderside of the cover, so th~t, 'with the cover 
in position, it just cleared the paddles. This vas used as 
pyrometer pocket for taking the temperature of the ch<',rge before 
liquifaction an'i of vapour near thf' charge surface, after 
liquifaction. The vapour offtake was a 4 foot length of 3 
inch pipe flanged at one end and bolted to the cover plate . 
A welded plate closed the top end, and was fitted with a 



thermometer pocket and a vapour release valve. This valve 
was not us~~ in Jr~ctice, and was fitted as a ~ecaution i~ 
tne event of a condenser oloc~aee . At a height or 3 reet 6 
inches a 2 inch socket was welded to the vapour off ta~e 
and co ,nected the apparatus through a len",t!1 of 2 inch 
uiping to a water cooled coil 120 feet long of i inch ?i~ing. 
C~ndensed oil and liquor ran to a sealed trap, and ner~nent 
.;as was ;;letered, and passed through a safety trap to the 
furnace. A 2 incn run off pipe w s welded to the e,d at the 
bottom and fitted with a steam plug valve. A 10 lb. nres sure 
gauge was fitted for precauti onary purposes, but during 
conversion the pressure wss never sufficient to move the needle. 
Pressures of 3 Ibs. rer square inch were frequently register ed 
during the drying neriod . Provision was elso made for d i p 
sampli~ of the charge . The stirring ge~D was driven by a 
3 H. P . electric motor through a worm drive, the speed of the 
stirrer shaft bei~g 2 . 4 r . p.m. Heating vias by a 2~" non­
rotary Major 10'"/ ~ressure oil burner, the furnace arran;ement 
being as shown in scetc 1.. 

Tests carried out ~ith the aoove plant revea~ed 
certain fectures which require consideration in designing a 
larger scale unit. 

CARBON FORIATION: 

The U shaped ~ross section is unsatisfa'tory 
as it wes found essential to keep any concentrate in contact 
wi th hot metal surfaces moving, otherwise there was ris'c of 
loca~ carbonisation with the deposition of hard c~roonaceous 
residue on the walls . In the pilot plant this was noted part­
icul~rly a t the junction of the semi- circular bottom ~ith the 
vertical Sides, the hottest par t out of -each of the paddles . 
As first designed, a clearance of about 1." \las allowed bet veen 
tIle paddles and the walls of the tank. This was al.lays found 
to fill with carbon to t'e range of the·paddles. 

The original paddles had faces 2" wid3. These 
operated satisfactorily I/ith the drJr concentrate but vith a 
we t charge, e.g. of 50% moisture content, a heavy resistence 
was set up due to a tendency on the part of the concentrqte to 
pack at the point ,here the paddle met the vertical 7all at a 
tangent. To overcome this, the fa-eeo on the paddles,vere cut 
away to a depth varying from one inch at the centres to *" 
at the ends. This allo ... red the concentrate to pass behind the 
paddle at the point '{here t.le pac ;:ing tendency occurred. 

Owing to the arnangeme t of the paddles on the 
shaft, there wa s a tendency wi th a wet concentrate for the 
paddles to ac t as a screw conveyor resulting in a preferential 
accumul~tion 'lt one end. This tende'1cy disappeared as the 
concentrate dried and became more mobile. In an attempt to 
comba t this movement, t he paddles were given a set on the 
shaft against the direction of travel. This was only 'JaI·t ially 
effective, and left a - ider cleara'1ce space between the pa.idles 
and the walls than originally provided. This aggravated the 
carbon trouble on the walls . 

I t vas decided to modify the paddles to allow 
for a clean scraping of the sides, to keep the cdarge moving 
in contact with the hot shell. To do t~'1is {i th -the ininimum 
mf inconvenience and expense, sliding heads were fitted to 
the paddle s loosely studded to the original heads, free to 
move wi thin a limited range radially from the sha=-t and also 
to a slight extent around the radial direction. The movemble 
heads were held against the sides of the converter by t'IO 

single 'vire steel springs, sprung fr .xn a Dolt set through the 
paddle arm, one spring on each side of the arm. By tuis eans 
the original clearance space oet leen the walls and tne a'ldles, 
an" the variation in the space due to the set given t e addles 
were eliminated. 



This arrangement worked satisfactorily as a temporary 
expedient. Despite any temperature effect on the spring 
temper, the paddle heads were held well against the walls, 
except in two cases where insufficient play had been allowed 
on the studs to take up abnormal clearance. Following this 
alteration, the walls were found free from carbon within the 
range of the stirrers, the only noteworthy depositions being 
two small pa tches at the junction of the hot end wall with 
the Sides, above the range of the end stirrer. 

It will be seen from the sketch that the end of the 
converter to which the run off pipe was attached was in the 
hottest part of the flue. This arrangement was used to increase 
the small heating surface available. Trouble was experienced 
with carbonisation of the asphalt remaining in the run off 
pipe bet~een batches, the cumulative effect being blockage of 
the pipe. In a larger unit, it would be preferable to keep 
both ends away from the flue gases, and lag them sufficiently 
to conserve heat. 

From the above, it would appear that with the stirrers 
accurately fitted to a unit of circular cross-section, proper1y 
heated, there should be no trouble from carbon formation. It 
is, however, essential, that the paddles actually scrape the 
surface of the metal, or a carbon film will form to fill any 
clearance allowance, and seriously affect heat transfer. 

Assuming a working capacity of 1.5 tons o~ dry concen­
trate per unit, it is suggested that the shell be 20 feet long 
by 3 ft. 6 inches diameter. Allowing for a 6 inch diameter 
paddle shaft the relevant data for a charge of 1.5 tons of dry 
concentrate would be -

Volume of i~ial charge, 1. 5 tons, 
Depth of charge in converter 

Free surface at rest 
Free Gas volume 
Heating surface (approximate)' 
Depth of charge after liquifactlon 
Depth of charge after liquifaction 
Maximum temperature of flue 
Maximum temperature of charge 

(Probable maximum 3900 c) 

of 3 tons 

=120 cubic ft. 
2 .15 feet 

= 68 square feet 
= 68.5 cubic ft. 
= 99 square ft. 
= 8t inches 
= 144 inches 
= 6000 c or 11120 F 
= 400 0 c or 752 0 F 

Apart from the question of standing capacity of the 
unit, the suggested dimensions should be carefully scrutinised 
with reference to engineering considerations particularly from 
the mechanical and heating aspects . 

The paddle shaft proposed is 6 inch outside diameter 
by it inch thick, hollow cast steel tube. The paddle arms would 
therefore be 18 inches long from the shaft perimeter to the 
shell of the converter, and would be operating at a speed of 
3 revs. per minute . It is proposed to carry this shaft through 
stuffing glands at each end of the shell to roller bearings 
erected independent of the converter. The mechanical roundness 
of these proposals in view of the temperature, span and radl~s 
of action involved requires checking. 



For heating a material with the physical characterist.ics 
of the concentrate, the diameter of the converter suggested 
is large, and much will depend on the effectiveness of the 
movement of the charge if a reasonable time factor is to be 
obtained. It may be considered preferable to reduce the 
standing capacity and increase, if necessary, the number of 
units. 

MATERIALS OF CONSTRUCTION: 

The choice of material for the construction of the shell 
depends mainly on heat, corrosi on and abrasion resistance, 
combined with mechanical suitability . 

Examination of the til mild steel shell of the pilot plant 
on completion of the experiments, showed that, in general, the 
metal surface appeared to be little affected. There was, how­
ever, definite evidence of local pitting. The total time under 
heat would be approx~ately one thousand hours (1000 hours) of 
which about one third would be under low temperature conditions 
of drying the charge. It should be noted that owing to the 
carbon deposition on the shell in the earlier part of the work .• 
the metal must have been subjected at times to relatively severe 
conditions~ There was also eVidence at that time of local 
occlusions between the carbon layer and the metal. These local 
occlusions would be subjected to considerably higher temperat­
ures than normal. Nevertheless the presence of hydrogen sulphide 
and complex oo~ganic sulphur compounds in the gases and liquid 
must be considered. In general, it is not considered that 
corrosion will seriously differ from that enoountered in 
petroleum refinery practice. 

Bearing in mind the temperatures involved and the 
possibility of corrosive effects, it is considered that the 
choice of material lies between a heat resisting cast iron and 
a suitable steel alloy. 

A heat resisting cast iron as recommended by the British 
Cast Iron Research Association has proved itself very satis­
factory as a retort metal for distilling Tasmanite sbale. The 
corrosive agents were similar and temperature conditions more 
severe. This metal was used in the form of heavily ribbed 
cas tings 1 inch thick which were assembled by being bolted 
together across machined flanges. A suitable structure might 
be built of similar castings, semi-circular in shape and 4 ft. 
long, bolted together, with matching end castings. There is no 
doubt that the metal would be satisfactory from the temperature 
and corrosion resisting aspects, provided the method of assembly 
is sound. The proposed converters are not under steady heat 
conditions. This differentiates them from cont i nuously operated 
retorts, and the comparatively poor expansive properties and 
tensile strength of cast iron might increase the liability to 
crack. Cast iron has also the disadvantage of weight. In view 
of the temperature variation when running off and charging, and 
its possible effect on the castings, especially in local pos­
itions such as around the run off pipe, a heat resisting steel 
is to be preferred, if a suitable alloy can be recommended by 
the manufacturers. In this case the structure would require to 
be welded throughout to avoid the projection of rivet heads 
complicating the stirring arr angements, unless countersunk rivets 
can be recommended, or a suitable type of flanged joint. Since 
only the bottom half of the converter is subjected to the flue 
gases, it may be possible to cheapen the cost of making . the 
other half of mild s teel. It is suggested then that the shell 
be made of heat resisting steel plate, t inch thick, and the 
upper half of t inch mild steel plate, welded throughout or 
rivetted through suitable flanged joints, subject to manufacturers 
recommendations and suggestions. 
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I t will be noted t!lat, afte~ lir..uifaction , t . e 
charge I"Jill be below the leve~ o~ the hea ti~ f _l.1e. Prevent­
ion of local over- ne tin~ of the metal '-ill nepend on the 
paddles carryino the liquid against the '"1S11s . 

P REVEI1T I OIl OF DUS~ El~TRAIl. lENT : 

The design of the vapour off takes should _ake 
provis i on for the preve ntion of dus t carryover "i th the 
vapour stream, a.l cO:J.sequent risk of condensel' blocKa -e. 

At tne vapour velocity in ti,e p i lot plant durin,;; 
conversion there was no trol.lble _rom lust car~y over, bt:t at 
'axil. um stea:n veloc i ty duriIlc., drJin", tLer -_6 a tendency to 

dust e, trai ntnent, altnou :l tile 3" risepi pe 'as clean to pl'act­
ically full bore after COl plet i on of tne tests, ud no cleani i~ 
of the ~" con.enser coil was necessary . On one occ sion '3. 

temporary bloc { in the coil durifl~ dryin~ rai~ f'il/to -1 L 3/ins
2 

when the system clo red itself. ne pressure 

The max i mum velocity of bases and oil va)our. Quring 
amy convers i on in tie 3" rise pipe, was 0 . 97 ft . per second. 
Durin!!: dry i ng the maximum velocity of steam would be 4.9 feet 
per second, wi t h an average of 3. 25 ft . "'''r second. The average 
vapour velocit y during conversion would be very much less than 
0 . 97 fee t per sec ond . 

By adopting t. e axLr,um rates of gas and oil evol ut i on 
and assuming t:at they ta e place s i multaneously, seldom the 
case i n practice, a unit ,ith a charge of 1. 5 tons of concentrate 
fitted '.li th 4 by 1 ft . diameter , off taJl:es will ~ive a maxiiaum 
vapour vel ocity i:1 tne off ta"es of 0 . 36 feet per second . l'ith 
a 40~ mo istrLl'e content in the original c;, rge and assuming a 
five hour drying period the maxi~Qm steam velocity if the unit 
is used as a drier would be around 1. 5 ft . per second . At t nese 
rates t ere should be no serious trouble wi th dust, but adequat e 
pr ovision should be made for cleani ng off take p i pes and manifolds . 

As a checl;: against tne velocity of entrainment, a 
series of tes t s was carried out oy causing an air strea'Jl of 
varying velocities to pass up a ~lass tube of kno 'n sectional 
area. Concentrate was introduced into the air stream ~nl tne 
follow i ng results Ylere noted: -

Velocity of Gas stream i emarl{s 

8. 3 feet per second Entrainme !1t considerable 

6. 7 " " " " " 

5. 8 " " " Noteworthy caY'ryover 

3. 3 " tI " About balanced- . Very 
s l i ",nt carry 

2. 2 " " tI Entrai!lrl'ent negligible 

1 " tI " Nil. 

The above pelocities are higher than would be expected 
from the minLmQffi size particle pr esent . nen the concentrate is 
viewed under t e microscope, tne very fine particles are seen 
to have largely collec t ed on the surface of the larger spore 
fragment s . I t is possible that this effect may give rise to 
tne more rapid settling rate . 
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The folloting calculat ions were used in connection 

wi th the above data:-

C" UDE OI L DATA: 

Specific gravity of crude oil 
Dist illat ion analysis 

Initial boiling point 
10;'b 
20,b 
30,~ 
40% 
50,b 
60% 
70,% 
80% 
90% 

Final boiling point 
Mean bo il ing point 

Molecular we i g.t 
Specific heat vapours 
Specific hea t liquid 
Molal neat vapouration 

Maximum rate oil flot/ton/nour 

Fr om "{ = 1:PV 
RT 

Vapour temperature 

= 0 . 86 

= 78°c 
- 137° c 
= 157°c 
= 178°c 
= 1 0 5°c 
= 214°c 
= 237°c 
= 255°c 
= 2<'00c 
= 355°c 
= 370°c 
= 2!±66 

11 

= 150 
= . 52 
= . 64 

= 224°c= 371Fo 

16, 500 B th . Us. 
= 40 c:a.1l.ons 
= 34h Ibs . 
= 5700F = 10300a. 

We hav e V, tile volume v apours a t 570°F 
and atmospheric pressure equivalent to 40 gllS . = 1722 Oub . 

f t. 

GAS DATA ; 

The maximum rate of flo·' of permanent gas 
in cubic feet Jer ton per hour and N. T.P. 

The volume of permanent oas at 570°F 6 760 mm 
Total maximum comoined vapour and gas rate 

in cubic feet/t0n/n ur 
For 1. 5 t ons 
1:aximum rate pel' second 

Wi th 4 + 1 foot diameter of"'ta.~e 
maximum velocity 

DRYI NG: 

= 500 cuo .ft. 
= 95'0 ft . cube 

=2712 c"o . ft . 
=406d c b . ft. 
= 1 . 13 cuo . ft . 

= 0 . 36 f eet i sec . 

•• ith a chArge of mois t ure co tent 40% and equivalent 
to 1 . 5 t ons of dry concentrate, assuming a five hOJr dryL ~ period 
at 18 Ibs . per sq . ins. absolute, t e average volume of steam 
per second = 2 . 77 cuoic feet. Taking the .naximum at 50'~ in 
exces s of t.1e avera ge fi ure, tile .'!laximuln volume of stea m per sec­
ond bec omes 4 . 16 cub i c f . , or a maximum vel ocity of 1.32 feet per 
s ec ond. 

Oomparison of t'-L aoove fizures .ith pilot plant 
results . 

TYPICAL TEST: 

. :axiinum rate of oil flow = 1 qrt . in 6 mins . 
= 2 . 5 ·lls . _er .10ur . 
= 21.5 Ibs . Jer hour . 

f 



Temperature of vapours at time 
Vol:.une 

Iaxi~um permanent eas rate 

At 5700 H 
Haximum total perhour 
l~axiinwn veloc i ty 

DRYING PE IOD IN PILOT PLANT: 

79 
= 57:P"' 
::: 108 cubic feet 
= 32 cubic feet 

per hour 
= 63 . 3 eu ic feEt 
= 171.3 cubic feet 
= 0. 97 ~t. per sec . 

Average r te of 
li:ax imum ra~e 

dryins = 0.L,1 Ibs . wate' per minute at 11b/s~ . in. 
= 0 . 66 Ibs . " " " "31ts I in2 

At 1 Ib/in 
At 3 los/in2 
Average rat 
Maximum rate 

24.4 cubic feet stesl!l = 1 lb . of \later 
21 . 9 cubic feet steam = 1 lb . of water 
-= .1 6 cuo ic feet per second, velocity = .3 . 25 ft/sec . 
= . 24 cubic feet per second, velocity = 4 . 9 ft/sec. 

HEATING OF U"TIT: 

The pilot plant does not assist materially in 
estimating t:1.e probable neat requirements on account of the 
Small scale and method of heatiIl[; adopted . 

I n tile earlier tests, the gases from the comoustion 
flue passed directly to the back of the setti ng, tnere meeting 
secondary a ir fed from a pre- heating duct pe.""i.np· ,mder and 
parallel to tne comoust i on caamber. rhe mixed gases then passed 
over t11e walls of the converter . iii ttl t h is arrangement, insuff­
icient time was allO\.ed for proper mixing, and ter.lperature control 
was difficult . I'1 aJdition, direct radiation from the flame 
was reflected from the oack wall of the settin;:,; to the metal wall, 
causin0 local carbonisation by its intensity . The al'ranse ,e. t 
was modified by olocking off t.le furnace flue as sho"m in sKetch, 
and sending the dot furnace bases down into the secondary air 
duct ., The secondary air was causeti to rise over a aUl'dle just 
before this point with the object of setting up a swirling ac..tion 
to aid mixing and minimise stratification of the gases . mhe 
mixed gases then passed round the baCK flue bef0re striking the 
converter shell at the pint where pyrometer T.1 . was inserted . 
By this means direct ra'l.iation from the furnace was pr'eve!1ted, 
any radiation effect being through the brickwork. The furnace 
was consequently more in the nature of a hot air heater.ith 
10N efficienay. 

An actus.L test during a drying p9riod by wor!l:in", out 
heat to stearn and to cllarge re-fltive to heat supplied, neglecting 
the heat required to raise the setting :r!m the cold, gave an 
eff ic ieney of 18%. Betwee. t· ,E ir' ing per iod and ·,;"e t iHle -,ilen 
appreciable reoction co.mlenced, the heat absorbed as sel1siole 
beat was approximately 5i~ of ta<.. heat supplied . If t.lis were 
approximately tile proportion absorbed throug;lout conversion, tae 
[,eat required per ton of concentrate would be 10 . 'j t er s. In 
t:le absence of more reliable data , t e fie:;ure of 11 t:,er.lls per 
ton is taken as s safe \Ior~dng basis for t! e second heat ing 
stage of the proposed process . 

The heating arrangeaent proposed ia as shown on sketch . 
The combust ion chamoer 2 feet v' ide by 1ft.higtl extends for the ull 
18 foot length of tne onverter oet vee'1 t.:1e end ';:alls, and is 
se parated from tle heating flue oy surrounding t e converter by a 
su i table fire oric'c rch or fire tile di vid i ng {all. Air ducts 
for a':mission of mixing air pass underneath and parallel to the 
combust i on Clla'llOe~', tde i ot t.8ses from the comoustion are dip c 
do'm t O''lards the mixin-.; air, and the mixture led upwards to t e 



flue surroundin~ the converter, :';lassing along tte '-alls of 
t ,e c nverter to 'a waster le flue fro .. ".,icb, norr:ally,the 
gases would pass to a drier . 

As tne "ot ~ases pass along tr.e conbustion chamber, 
he t will be given out in the f'ollo',ving directions-

1 • 

2 . 

(a) 

(b) 

(a) 

( D) 

By radiation from tne roof to the converter snell and 
to refractory surface rou11d the neating flue. 
By conduction and convection througn t.e roof to the 
flue c:C'ses in tile neating flue. 
B'- radiation through t.le floor to r ract ry slll'faces 
in the air 9re.o ti.~ nuct . 
By conduction an:i conve tion to t1.e air ",a siN.: elono 

t:,e duct. 

3. By conduction t,lrou ,1 t"o SlOO wa1.ls . This should be 
minimised oy s itable incorporation Q~ ' nsulsted bricks 
in the settin.;. 

tJe ro of 
tiles or 

It is lesired to increa e the rao.ietion e fect through 
to a maximwl. by suit' ble construction of the roofing 

rc." if suc. a construction is practicable. 

Su~ficient air is allo.ved to pass along t: e air duct 
a.l'::' :nix with t;-!e exit Gases from the combustion :2 .Lue t edtice 
t,le te:::perature of the mixed -,aoes to 11 80 0 F at the ,oint ':len 
tney first mee t tne Qetal sne.Ll of tne converter. :t' 1.S0 
prop0sed to use t,lis air l.uct as a com'oustio c.,e.mber for t' e 
per'1ane 1t .;ases fro.n the c unverter , if they are ,ot requil'ed 
else 1lere. ~he gases v/iLl ue supplied at ap)r ,'w v'lly atn,os ­
pheric pressure, and it is proposed to burn them lith air 
supplied t from 1" to 3" ~ater gauge pressure in a ty:pe of 
bUEner as sAetched . 

An attempt as been made to work out the probable 
resul t from such an arran.;ement, out the assumptions necessary 
were considered too numerous to be of practical value. 

For disllussion, tl1e following figures are assumed 
( 'le~lecting the bas) 

Heat lost by radiation an:i conductiol1= 40% 
Overall e t transfer to c ,arge - = 18% 
Eeat c ri'ied b. ay in t.le ases = 42% 

Assuming fuel oil of specific ~ravity 0 . 946, calori:ic value 
18,640 per lb . and cons mption 4.75 s-allons per ;lour or 451bs 
per hour, we ,lave 

':eotal heat to setting per hour = 839,000 Btn Us. 
Heat to charge " " " = 151 ,0203thUs, 
He'l.t to flue gases " " 352,380 = 
Heat lost = 335,600 

839,000 839,000 

,i th a ~h",_ ee of 1.5 to"lS, tne ;,eat reQ.uired ,as 
been ta!!:en as 16.5 tler1S. On the a'oove assill.I_,tion, t.le time 
required for conversion Vlould 1> e., Iilpproxi:nately 11 hours. 

figure. 
a single 

With a dry concentrate t.,is should .Je a l)r'l.cticab.Le 
As previously stated, the main objective in erecting 
unit is to ootain the actual fioures . 



if 
To dry a c1arse of 40~ .oisture equivalent to 

1. 5 tons dry, tne heat reQui.ed i8 

..,e.1s ible heat in 1 ton water from 600
", to 212 0 F 

Late~t heat ir. steam 
= 340,480 
2,163,840 

Sensible heat in concentrate 
Total heat required 

163 430 
= 26 . 68 Thems 
= 352,380 Heat in fl~e wases from converter per hour 

Total heat in waste eases in 11 hours = 38 . 72 ~hel~ms 

The drier would requ i re to operate with an efficiency 
of ap~roximately 68%. Eff i ciency figures on rotary driers are 
quoted at from40% to 65~. Under the above assumptions, it 
is probable t lat tne heat to t:1e ('rier would require boosting 
Part of the permanent gas yie1 4 mi ght be used . Assuming a 
drier effic iency of 50,~, gas to the va l ue of 14 . 6 therms 
-auld be req ired for boosting . 

The total heat require . .lents for the conversion of 
1 ton of concentrate of 40~ moisture content (i . e. 1. 66 tons 
of ?let concrete) would, according to t, ese fi':'11res, be 71 
t.'1el',ns 1a-- e up as folbws - fi~ures taken for 2. 5 tons of re t 
concentrate of 40;'r. mo i s t ure content 1. e. for t e normal charge 
of 1. 5 tons of dry co centrate . 

Heat req~ired to dry concentrate 
Heat required for conversion 

Heat lost in drier 

= 26 . 68 t.errns = 25 . 0~ 
16 . 5 \I 15. L(j = = 

= 26 . 68 " = 25 . O,~ 
neat lost in converter setting 

Total 
equivalent to 71 ther.TIs for 1. 66 tons 
concentrate . 

= 36 . 91 \I = 34.6,0 
=106 . 8 \I = 1 OO:~ 
of we t or 1 ton cry 

Tne overall eff i c iency, rec oned on tne 0 sis of 
neat utilised in charge to heat sup)lied would be 40 . 4%. 

Ii t h the oil from the process val ued at 4 pe nce .,er· 
gallon at the plant, the heating cost per t on on t .. e above 
bas is, allowin.; for gas would be approxi.l1ately 1115 or 2/9 
per t on of shale . 

I t is hoped t:1at :Curther wor k with a continuous 
vacuum type of filter ri ll enable tne moisture content to 
be r duced aeloVi t,1e fie:ure of 40'b ta"en above . If the 
practical results with the large unit do not materially 
reduce the aaove heavy heat reqLi"enents, the use of local 
coal might be considered in lac e of ail . The cost per therm 
would be one penny as against 2 . 25 pence for oil . At this 
dif::'ere :lCe, ,0Hever , it is doubtful i f the coal I auld show 
any overall advantage. 

HEATI:m DATA 

Pi ot Plant Drying Period 

'eignt of wet charge = 290 Ibs 
We i t;ht of moisture = 120 los 
',eight of dry charge = 170 los 

Sensiole heat in noisture = 120 I 152 = ;!,8 ,240 13th Us 
Latent hea t = 120 x 966 = 11 5,020 " II 

Sensiole heat of charge = 170 x 242 x . 32 = 13,165 13th Vs 
Total = 147,325 " " 



Drying pe~iod fro~ 600 F to 3020 F fuel aaed) 

C. V. 
Heat supplied 
Heat used 

FUR"AC:E CHAMBER ON PROPOSED UNIT 

Sectiona~ erea of combustion chamber 
Area of rool radiating to converter 
Al'ea of floor "eiatin~ to air duct 
Total area of side ~lls ~:( 1 x 18) .4 

Assumed fue~ .er ho~ 
Specific e:rav itv 

= 4 . 75 sallons 
= 45 los 
=1 8,640 Bt"Us. 1o . 
=838,800 Bt".Us. 
= 1 8:~ approxi cely 

= 2 "eet square 
36 " " = 

= 33 
., " 

= 40 " " 

'" 4 . 75 gallons 
= " . c!J.6 
= /'5 ~os 

= 18 640 :3t:,. Us pro l b. \'e ig_l.t of fu"l ~er our 
alcwi:ic value tal~. 

Theoretical air :per per ect como'lstion = 13.96 Ibs per 
10 fuel 

Allo v excess a 1r en,l lea caee 
Total air per 10 fuel 
~ight of flue gases er hour 
~!ean s.,;ecific heat 
Theoretical flame te .. )erature 

Asswne flue bas exit tem.erature from 
comotlstion c.aLber 

Av rage comoLlstion camber te .• pE'r'lture 

Vo w.e 0: f~ue gas at t is te~per ture 
Average velocity in cnamber 

.ei J.lt 0:: flue c;;,8ses leavino pe!'l lour 
'reC1yerat l1'e 0; bC:SPS ~e vi!.8 co _bustion 

c .a.nber 

= 10'1% 
= 27.92 Ibs 
= 1260 IDS 
= 0 . 258 
= 2640 0 F 

=16200 F 
.. 2130 0 p 

=88,680 Cuoic ft. 
= 12 ~t. per oec. 
= 1260 .l.uS 

= 16200 5' 
= 0 . 27 
= 530,700 TIt,. Te. 

Spec ific hd t at 16200 F 
TIeat co te.t of b~ses 
Assume 800 lu~ of ir flo in in air duct 
tomperature of ~ir t ~ixino lloirt 

Specific ,e.t at 3LtOOp 

:er Jour, ana. 
= 340 0 5' 
= 0.25 

:-leat ta,.e". up by aiw = 8~i) x 280 ,. . 25 = 5" ,000 :,t 1. Us. 

• eln.,e.·a ture aOove 60~of mixed gases 
De 

would 5600 530,700 
(800 ~ .25)+1260 

= 1 086°.~ 
x .27 

ases e!1:'eri 

~otQl flue ~ases er ur 
~otal _i~ ?er hour 
or ,eoretica_ air 

.eat inz 
flle = 1146°F = 2060 Ibs 

= 20::6 ... os 
= 628 los 

Undel"~ t .. 1ese c ld~ tions t ... e flue ~ases 
ould .)e exue _ ted to nave a car'oon dioxi1e cont nt of 

• of 

a.?proxi :l.tely 5.', 
Ta_cirl[ volulne of flue gases at 37 cuoic fp-et 
Total volume of flue ~ ses at te.nperature in 

er lb . 
converter 

flue 

r", ."""",T" r'IO' • ::£::!._ .l..J.cJ.l' u.-..... .r. 

= 76,220 cuoic ft. 
= 21 cubic ft . er 
sec. 9. ~r'ox'!!1 + ly 

It is ·~o osed to C0!l11ect +- __ e ~o ~ v OU!' o-Of~ es 
in t 0 sets of tIO oya a.ir of .l,_e_':'e"5 A C .L

P 
.r -....., to a 

ter. cooled COlenser. '0 11 coil co., ensers t)t _.l.' •• 

bJtlt 30'")' t Q_ ~ inn.. li ,e .<re avail3.o1e and viLL ue 
ase i~ found i.l, tisf ctor~ c~ er. It is propose to ~e 
ceil conle .. sers f r tole 61,'wl test unit, althou .1 .J:'operly 



tJ 

desi ned tuou~ar c '" I' v _ ~ive e-:;~ r results fer 
a.JY ~~l'~er pla!lt 0.1 cc t f t 1e J!Ji",:-,er ter velocity. 

s awainst t .. :'.s, ca t iron i: in~ in a box ty."e of con:!e.,ser 
,ou_ ave ,reater res;'st_nce to cor'rosive 'ctiO.1 :"y t.,e ~ases. 

Exp rience ith the 2 inc., coils entioned above 
in con ectio!" itr; --:rude oi Jti~_s, i. i .a1,es t .• at t ,ey 
snou~d easily ant~e t,e vapour load. T' e fo~lo i. jat~ 
gives some idea of t1e position 'ith a 200 ft . coil under 
p08sible Bximum 10 ' "on'itions. 

maximum 
dopti.1ci norr.a.."1t~ ':'F~ib .J:'" for oi~ a,,"d gas flo 

-'em'pe:r-~tt..rf' of v pours e 1te::'';' . .g co "ense.' 5700
::' 

Mean ooilL-= J,10int of OilS 3710P 
r.:aximu.-n I.' t~ of oil fLo! :Oor 1.:; t n c ,arge = 60 gals. 

L~tert' at of vapou~s 
:'eat to De vst.acted for condensation 

0:: 516 Ibs 
= 110 :2t . .1 uS 
= u, 760 

!:ltn.Us. 
= 0.b4 Specific ,eat of oi~s 

3eat to be aostracted to ,001 con ensed oils fr m 
3710P to 1500F =72,SS3 

Bt. Us . 

i,eat to De aostracted to c 01 gas from 5700F to 
150 0;;' 

j,IaxL u.n rat6 of was flo',1 • er hour (1.5 to.iS) 
"ean specific Ie 'L ? as 
:Ie'l.t to De i t .. drawn 

Tota~ m~xi!'Jum .,eat to be it ,drawn DeI' our 
TaiCe --:0011.1'; water el,t, ri..~ t 50°}?- B.nd _eaving 

at 1500 p 
"la"1tit~' of c')oling "atel' required 

=148 ,Os. 
= 0.5 
=31 ,080 BthUs . 
=160, 23 II II 

=1 608 los ;p . nr. 
= 2 .7 ..;alslmin. 

Conde'lsation takes 111ace w[,ile cooline "later rises 
from 11 50;;' to 1500F 

~ean temperature difference 
during condensation 

= (371-115) - 371-150 ) 
2 . 3 log 371-115 

371-150 
= 239 0 F 

Cooling t akes place .lile the coolin.; ,later 
rises fr.m 500F t01150Fo and oil and gas 
cools from 3710::' t 150 F . 

1ean temperature differe.~e (coolino yeriod) 

=i371 - 115) 
2 . 3 log. 

- ( 1 50 - 50) 
.371 - 115 
150 - 50 

Ta.{e condensel' coil, 200 feet long of 2 inch 
pi~e overall COOL area 

Assuming 0.25 of coolin. area for conden­
sati01k~~ea for con'e.6 tion 

!.:ean tem)erature difference 

P.eat to be removed 

Hence the overall eat transfer coefficient 
r,ecessary 

Area for cooling 
Mean te ~e 'ature difference 
neat to be removed 

Eecessary overall heat tr nsfel' coe?ficient 

= 124 sq. feet 

= 31 sc . ft . 

= 2390 F 
=54,760 3th . Us . 

= 8 approx . 
= 93 sq . f et 
= 166°F 
= 104,063 3th. Us . 
= 7 approx . 



Tnese -:;e .. or_. y "xL Fj,.oul Ge a-:;t ;ina e ith 
su i teb . e a ~ust.nent of t e roolirl6 cter v~_ocity. 

If the convel~tel" ic use 5. as a drier, a - ~ it is lesi.coe 
to cc lden. e t_,e stea;,l, 6SUll.i J a c., r.;e of 2 . :J to,.., of et 
co 1,.ent~ e co It lnL...., 1 ton of I<>ter, a •. roxLn t l y 25(1 fe t 
of condenser p i pe iOl<l be re<;,.uil'e '. i th an over(Jll coef lcient 
of 35 for t,le con'e.1s· ~ e:"o(' ani 24 fer t~e cool':'~, <1' t:1E' 
::oncentr'ate e~oe ried in five hours . 

':: ,ere is no 'leE'd :'or .a.:in ;;>rovision to CO.l ense lL 
t. e ctea .. UnLess to oot in .hec on t_1e ,,] isture co. te .t 
of t.l~ charce. If tle 6~ste e_'e ove:.:·:'oade' at a.lY ti,e 
o in tv ever .1.ai'i~ "rJinu in t.le t st u . .I.it, t ... 1.e st illa.y 
be parti~ ly 010 n t ste t t. Lle~ders . 

G-" ffi.:..h. CONT OL: 

R. leic..ot bal nee 0 t e co .I.}e trll.Le ~ ... e .. e 
r ets ootained ,i1._ oe ept . Gas volume ,iL. oe ~, red 

o orifLc'3 nd. ,'i .... :. "p t '. e inst2l._e;- ." -
length of the r-etl<:r'n ",f.S l' ne to to\. r nace. 

..<ic ole 

SCoi t lbly protecte 1 " 0 t;coO . i.1.1 ue 1 c -fl close +'0 

t.,e ." ,aL s.1el of t:'l converter at eac. en.d of t"e . eat.i.n~ ~lue, 
a.J at k,.,e base of tr.e c ,i .ey. ":'he temper t re of t .. e c,,~ ~e 

be obtainei'! by pl cin", pyror.leter in poc .et .lded to one 
end 0': t ..... e l!onv,:, 'ter , S 3 ~o"n in t ... e sl·'etc'1. "7 1I0Ul" t e mper at _res 
can be obtain.ed by plac ing ther::lO:neters in sui tab le pockets 
welded t o tne top of the vapour off takes. 

Provision should be made in. the sett in ; for taking 
flue gas sampLes, if poss ible bot~ before and after admix t ure 
of cooling air, and for sig~t ho les and cleaning access to 
flue s. 

Provision shouLd oe nade f or thp cleaning of offta~e 
p ipes and nanifolds ~itn the minimum of labour. 

SU, ' Y AND COnCLUSIONS: 

It nas been sho vn that an 0 '1' ganie concentrate re'lared 
frum Tasr;:ani te Snale can De convertt;u un,.er pr cticable 
condi tions t o an asphalt ac ce~ taole to the Public ' orks De}art e. t 
fith a bye product yield of useful oil. 

A 6ene~al scheme f or the dai ly conversion of 15 tons 
of c oncentra te h ·.s oeen out l ined and a general description 
of the fULL scale unit propose' to incorp ora te in tile olant 
given. Since the ch~ice of tne most suitable plant is a 
debatable matter, qualified engineerin:; opinion on tole sug.:;estions 
made in this report should be obtained before furtner expenditure 
on pl ant construction for the convers i on sta ~e is unlerten. 

I f the su.,;gestions mOl e are acce~ ted as a 'Iorking 
basis for cont i nuin' the i vestigat i on, a si'1gLe full scale 
unit will be erected on t,e '-'dL. ... e fieLd, after const""'uct i onal 
details are \'Ior'~ed out in consultat ion with manufacturers. 

Da t a from tests with this unit wi ll largely deter~ine 
tne plant required for handling 15 t ons per day, and wi ll fur ni s h 
useful infornut i on on the probable capital and operating costs 
of such a plant. 

;onsiderable improve TIent on the fi gures used in this 
re~ort "ill De "J.e cessary to ori.ng the ope~ating cost do'm to a 
reasonable figure. The fi 6ures used indicat an oper a t i n . cos t 
for drying and conversion of 18/6 per ton of concentrate or 4/6 
per ton of shale . 

A. /{ALKER, Augus t, 1937· 


