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A COMPARISON OF THREE LABORATORY METHODS
FOR DETERMINING THE BITUMEN CONTENT OF
BITUMINOUS SANDS

SUMMARY

The objective of this investigation was to compare three
analytical methods with regard to their accura!cy and precision in de-
termining the bitumen content of bituminous sands composed of different
proportions of bitumen, .sand and clay. .This work was undertaken to
provide a basis for comparing the total quantities of bitumen estimated
from the drilling operations reported in, " Drilling and Sampling of Bit-
uminous Sands of Northe?'n Alberta 1942-'47 Vol. I'" of the Department

_of Mines and Resources Report No. 826, and in " The Exploration of
Alberta Bituminous Sand 1952-'54 Vol, I by Calvan and Associated
Qil Companies,

Of the three analytical procedures, the toluene extraction method
gave the most uniform and accurate results. The precision of this pro-
cedure was slightly superior to the carbontetrachloride extraction tech-
nique, and its accuracy was considerably better due to the more reliable
moisture va}ues obtaihable by this procedure. The toluene extraction

method gave results which were on the average 0.7 per cent lower in




bitumen content than the carbontetrachloride method. This difference was
almost entirely attributable to the higher water content determined by the
toluene method. This fact was corroborated by the observation that the
water content measured by this method was 0. 6 per cent higher than that
determined by the A.S. T. M. method D 95 employing dilution naphtha,
which was used in conjunction with fhe carbontetrachloride extraction pro-
cedure,

Both the toluene and carbontetrachloride extraction methods are
considered satisfactory for assaying the bitumen content of bituminous sands.
On the other hand, the density method of estimating the bitumen content was
of a much lower order of precision than the two extraction procedures and
should only be considered under circumstances which do not perfnit the use

[}

of the other methods,

" INTRODUCTION
To secure mfor@tiOn concerning the extent and quality of the
bituminous sand reservés of Northern Alberta, an extensive drilling pro-
gramme was undertaken by the Dominion Government in 1942-'47, This
was later followed by drilling operations by several companies during
1952~'54, The work of the group of companies headed by the Calvan Con-
solidated Oil an.dA Gas Company deserves special mention. It was evident

that the economic appraisal of the bituminous sands, in addition to drilling,




required an accurate estimation of the bitumen content of the sand. The
procedure devised for this purpose by the staff of the Fuels Division in-
volved the extraction of the bitumen with carbontetrachloride. On the
other hand, the laboratories of the Calvan Consolidated;Oil.and'AC}_a,s Com-~
pany developed a more rapid technique using toluene as the exiracting
solvent,

During the extensive drilling programme undertaken by the
Calvan Company, portions of the drill cores were sent in metal containers
to the Mines Branch, Department of .Mines and Technical Surveys for
confirmatory analysis, and some 1500 core samples were analysed by
the Fuels Division. While this work was in progress it was felt that a
more systematic comparison of the twp analytical schemes was justified,
and the analytical work described inthis report was undertaken to deter-
snine the relative merits of these methods.

A rapid field method of assaying the bitumen content of bihitviinous
sands, devised by W.J. Dyck of the Fuels Pivisiori, was also compar;d
with the other laboratory procedures mentioned above.

BRIEF OUTLINE OF THE METHODS.OF ASSAYING

FOR BITUMEN CONTENT

The carbontetrachloride extraction method consisted of the ex-

traction of the bitumen from the bituminous sand with carbontetrachloride

as the solvent. The determination was made in a standard Soxhlet apparatus




using a paper extraction thimble., The amount of silt that passed through
the’ extraction thimblé was determined and. é.pplie,d as ‘a.correction to the
bitumen content. The water content was détermined olry another weighed
sample of the bituminous sand by distillation with A, S. T.M. dilution
napl;i;ha, according to A. 'S. T.M. method D 95. The bitumen content was
then calculated on a d‘ry basis. For a more complete account of thg 1?33?.‘
oratory sampling and assaying of bituminous sands by the ‘carboﬁtgﬁrg{'-_{‘_'
chlpride extraction method the reade1; is. referred to Appendix 1.

[ TR

The toluene extraction method consisted of the simultaneous, ex-
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traction of the water and bitumen from the biﬁiminous sand with teluene
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as the solvent. 'i‘uhe‘determination was made in a modified ‘extraction
~a;1;paratus using a paper extrac'tion thimble. The"amount of silt; that passed.
through the extraction thimble waslzagain determined and applied as a -
correction to:the bitumen. c‘;ontenf«.b The water-in the sample was, distilled
-out. of th; A‘t;oil'ing flask with the toluéne vapour, and c;ldndené ed and c_ol'léqt'ed.
ina gfraduai:éd trap for gstim'ation. ~“The bitumen content was then c-é;lculated :
on a dry basis. A rmore complete account of the laboratory sampling and
assay of bituminous sands by the toluene exfraétioﬁ' méfﬁod wil‘i-y be found

in Appendix 1L.

the Lot

The density me'thod/éonsisted of '_tlié determination Qf the density

and water content of the sample. -The p'r_ing';__:;ple involved was that in a -
system 4c'vf"zﬁhlree immiscible phas es, bitumen, 'water;‘a_,'nd sa.nd,_' the total

" volumeé was equal to the sum of the volumes of the different phases.
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; By acc,ura:ttely measﬁring the volume of a weighed sample of
bitumino{‘ls. s-;jxnd, the(b-i’-t_ulnen:content, as a percentage of the sample
t.akﬁn,; can be weadily. calculated if the water content is known, The
V.olume of the bituminous sand sample was dete:r{mined in a calibrated
pycnometer flask by mixing with.a known weight of toluene. The water
édhtent was determined on a separate weighed sample of bituminous sand
bydlstﬂlaﬁlon“’ith A.S.T.M. dilution fiaphtha, according to A.S5.T.M.
~method D 95. From the values obtained the bitumen.content was cal-
culatgd on the dry basis. A more complete description of this method
will be found in Appendix III.

- PREP&RATION OF THE STAENDARDTSAMPLES
gy e e ¥

The’examlnatlon of drill cores -taken from the. Athabasaa b‘ﬂ‘.‘-
uminous sand area rev.ealed a ':o_vide range of mixtures of bitumen,. sand
and clay, Lignite was also oécésionally present. Te evaluate the _spit-
a’bility' of tlggjthreéya,nalytica_l_ ifneti;oc.ls:"for es'timé,tingﬁ‘\thé-.b_i'v_tuinerzl content
of such mixtures, six one hundred pound samples were prepared from
drill 'ééres which ’ha.d been previously analysed. For example, a large
number of cores containing 2.5 per cent bitumen we;'e ~c~rushe;1, mixed,
and screened to make the compositewsample as uniform as possible. In

a similar manner standard composite samples of drill cores were pre-

pared having 5, 7.5, 10, 12.5 and 15 per cent bitumen respectively.

The individual samples were analysed in quadruplicate by each




of the three methods and the water determinations: were made, at the same
time.’ A}l determinations on a given standard sample were started sim-
ultaneously to avoid any changes in moisture content and variation of the

sample which might arise due to segregation.

| DISC'USSI'!QNEOF RESULTS AND.CONCLUSIONS
The results of ?.nalyses by the three methods are shown in
® Table I Eg:lfn'ile Table II ghOWS the differences in average bitumen content
and the probable grror of 'the mean as determined by, the three methods.,
As' mentioned previously, the‘water content of the six standard
samples was determined by two methods, - the A.S.T. M m‘g_tho'd D 95
and the toluene extractipn method. The toluene extraction rﬁgthod always
,gave a higher result ,yh;r'.l the A S.T. M:. mgthod‘. T_hg dg,;;tfference between
the water content ag,d{q};{grmi..neﬁsi_by -}:}}?fse twg methoés, {r'gir_ieq; from O, 9!
to 0.4 per cent f'or.-_tl}é six star}daré.:sarpples with'jan'.a_wjer‘a%‘ge d"ifflerenicj:e
of 0.6 per cent. ‘ | |
All the bitﬁ;nen determina;,tions made by the carbontetrathoride
extraction and the toluene extraction methods were corrected for silt
passing through the extraction fhirﬁblg, except for the No.1 sample where
silt was not observed in the extré.jct. However, in order to efnpha,siZe the -
error which would be introduced ipto the determinations-if net 'corregxed

for the silt, the bitumen content is also shown on the uncorrected basis




for both extraction methods in Table I. It should also be noted that the
quantities of silt shown were obtained using double thickness thimbles.,

Were single thickness thimbles employed this error would have beé:}w :

augiﬁentgd cons iderablv.’

For twent?-fom_‘_' determinations made by the carbontetrachloride
extraction method the correction for silt varied from a high value of
1.8 per cent to a low of 0.1 per cent with an average of 0, 8 per cent,

For tﬁventy determinations made by the toluene extraction method, the
correction for silt varied from a high value of 0.7 per cent to a low of
zero, with an average of 0.2 per cent,. ’I‘heI;efore, if the bitumen content
had been reported on the uncorrected basis, that is, uncorrected for-_silt
or mineral matter, the average bitumen confentfor the carbontetrachloride
‘extraction method would have appeared as 0.8 per cené higher than the
corrected valﬁe, while the toluene extraction method would have frielded

a result 0.2 per cent higher than this value.

In Table II the average values of the bitumen content on the dry
basis of the six standard samples as determined by the three analytical
schemes may be compared, Also the scatter of the data in arriving at
these averages is expressed by the probable error of the mean, It will
be observed that tﬁe probable error of the mean increases slightly with

the bitumen content and that the average.value of the probable errors of
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the mean are + O“,leper cént for the carbontétiachloride, :_F_ 0.06 per cent
for the toluene extractioh and& 0.25 per cent for the density method.
The toluene extraction 'i‘nathdd gave results tha't Were always

lower than those abéained' by the carbontetrachloride extraction method.

On the average for the six standard samples, the difference between

. 3 - A

these two ‘—-'me%‘hods Va.rled fr01;h 1m2 per cent to 0.6 1V)e13'xmc‘ent with an average
» difference of 0.9 per cent in bitumen co'ntent. As pr,ev%usly noted, t:i1'e
water «content dét'érm'inné'd by the toluene e'xt.iv'é.c't:ion ﬂxégﬁod was, 'On ‘.che
average, 0.6 pér cent higher than that determined bir the A.S. T.'M. pro-
cedure. Cons ec;ﬁeﬁtly, the difference in bitum’e;l content between the
toluene extraction and carbontetrachloride extraction methods was ‘almost
entirély due to the difference in moisturé content determined by these two
methods.

The 'density method of bitumen aésay"w'a.s' of a much lower order
‘o'.f-preci.s‘ion tha.;q"the two 25:t;-action procedures and the averagg values of
.Bi‘tﬁmgn"deterrﬁined in the six standard sé.mples were gengrallf ;gomevéﬁat
1o_x'gver than thos’;e obtained by-the extraction methods. Consequently, the
dé;lsity rhethod should iny be considered when it is not possi’blé to use
the extraction methods or when a high accuracy is not important.

The toluene extfa.’ction method- involves the sirriultaneoqs extraction

of both bitumen and water from the same sa.mple and is to be preferred_

to the carbontetrachloride method which requires a water determination




by A.S.T.M. method D 95 on a separate sample. The simultaneous
extraction of bitumen and water from the same sample has the merit
of avoiding any changes in moisture content which may take place in '
a éeparate sample‘throggh uneven distribution or through losses which
may take place during handling. As the bitumen Vcontent is determing_{d
as the difference between the total weight extracted and the water, any
error in the water determination is reflected in the estimated bitgmen
content. The error in the water determination us ing dilution naphtha

may be due, either to a sliightly higher solubility of the water in this

medium, or an increased loss of water through the condenser because

of its higher boiling point.
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TABLETI

Difference in Average Bitumen Content
as Determined by the Three Methods

Y B (<)
Carbon - Toluene Density
Tetrachloride Extraction Method
Extraction Method
Sample Method A-B A-C
Mean Bitumen I_\{Iean Bitumen Mean Bitumen
_ Content Content _Content
% % %
1. 2.8 2.0 2.4 +0.8 +0. 4
2, 5.7+ .05% 5.1 + . 06% 5.2 + . 04% +0. 6 +0. 5
3. 7.7+ .05 6.9_4:_.04‘ 8.3_4;_.27 +0.8 -0.6
4, 9.7_+_.09 8.5i.07 8.7_4;_.11 +1. 2 -+1.0
5. 12.3 + .08 11.6 + .07 11.3 + .51 £0.7 1.0
6. 14.7_4_-_.13 13'.8i..09 12.9_4_'_.36 +0.9 +1.8

*Probable error of the mean.
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APPENDIX I

Laboratory Samplmg and Assaymg of Bituminous Sands
by the Carbontetrachloride Extraction Method

This method of assaying Alberta bituminous sands. ié divided .
into four pé.rts: T
(a) Prepai,.i'a.ti.on of sample.‘for analysis.
(b) Determination of water content,

(c) Determination of bitumen content:

(d) Screen analysis of sand residue,

. PART (a.)' - Preparation of L"aborato'rly Sample
Scope
The ai:paratua and procedure, although especzlally developed
. for drill-cores, are apphcable to ‘gther bulk samplea tha,t may vary '’
widely in their content pf ‘clay partin_gs, sand aggregate, and othex:
mineral matter, . R R
.A.ppa.rétus

"
3

e (1) Pans for air-drymg Enameled steel paxs
I D 18 x 12 % 2 in. in depth.

(2) Balance - A balance or scale havmg a capacity
N of 5 kg. ’ sens1t1ve to 0.5 gms,

S

";"7’11“ A e T
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(3) Grinder - A sturdy (household or store) meat grinder
capable of being taken apart for cleaning,
Figure 1 shows a good grinder arrangement
for grinding laboratory samples. This assembly
consists of a quarter horse power electric motor,
a 48 to 1 speed reducing gear and an Enterprise
No. 12 meat chopper, inter-connected by means
‘of flexible leather couplings, solidly mounted on
a heavy steel plate,

(4) Mortar and Pestle - A heavy cast iron mortar of 6 pint
capacity (9 inch outside diameter) with
accompanying pestle,

Procedure

One quarter (longitudinally split) of a two inch drill core vary-
ing in length from 5 inches, or shorter, up to 5 feet and weighing from
100 to 1000 grams is usually Faken as a single laboratory gross sample. .

An aliquot sémple of the drill core is placed on pans and allowed
to air dry at room temperature to c:onst.ant Weigﬁt. The weight §f drill
core dried should be a multiple of 100 g. as 50 g; are reciuired for the
wéter determination, and 50 g. for the extraction of the bitumén. Twenty;-.
four hours are usually sufficient for this detérmination as the main pur-
pose is to stabilize the sample weight to avoid errors due to loss of
moisture in the subsequent operations. 'I‘hé air drying loss is recorded,

If the sample contains a mixture of soft and hard constituents,
the hard rock-like parts should be picked out and ground with the mortar
and pestle. The two parts of the sample are mixed together and passed

through the grinder. After grinding, the sample must be very thoroughly

mixed to a uniform composition and placed in a closed containex.
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PART (b) & Determmation of Water Content

The method usied is essentmlly the same as the A. S T.M.
Des ignat:.on D 95~ 46 whmh during deVQlopment (pr1or to 1921) was

known as the Dean a.nd Stark method

;fl?tﬁr'g'ose? -

‘The purpose of th1s method is to. determme the water content
i(other than water of hydra.tmn) in order to deduct it frOm the total
b1tumen and wa.ter extract, 80 that the b1tumen content may be reported
ona momture free basis. .

The princ1p1e of the method consists in the d1st111a.t1on of the
w‘ater’ from a flask conta.inmg b1tuminou‘s s.a.nd and solv;ent naphtha and

condensing both nai)htha. and water ‘into a gradnated-tre.p in which the
. S , )

r

s

volume of ,th'e,‘\‘rv’ater‘can be observed.

Apparatus

Fig. 2 shows a ‘convenient arrang'ement for multiple determinations

of this type.
(1) Glass ﬂask - Pyrex, -round bottom, short neck type,
capacity 500 ml,
(2) T r;ag - Pyrex, with closed end graduated from 0 to 10 ml,
- ) in 0.1 mil. divisions, 18 mm. outside diameter.
(3) Cond'en‘ser - Liebig type, 400 mm. long with inner tube

‘9.5 to 12. 7 mm. outside diameter.
(4) Electric heater - 250 (or 500) watts, rheostat control.

,Note_:- For convenience, glassware may be purchased with
standard taper joints - flask,” Corning Cat. No, 4320;
trap - Cornihg Cat. No, 3602; condenier - Corning Cat.
No. 2360.
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Solvent
A.S.T.M. Dilution Naphtha (see Method D 95-46), a petroleum
naphtha conforming to the following distillation requirements: '" 5 per

cent shall distill at a temperature not below 194°F. (90°C.) nor above
212°F, (100°C.) and 90 per cent shall distill below 410°F. (210°C,)".
Oil refinery " Dilution Naphtha' with a distillation range 196° to 273°F.,

has been found to be a quite satisfactory substitute.

Procedure

Fifty grams, (weighed to the nearest 0.1 gram), of sample are
placed in the flask and mixed with 150 cc, of solvent by swirling. Heat-
ing is so regulated that the distillate falls from the condenser tip at a
rate of from 2. to 5 drops per second. The distillation is continued at
the specified rate until no water is visible on any part of the apparatus
except at the bottom of the trap.

Between tests it is 'necéssary to clean the apparatus thoroughly.
to prevent water droplets from adhering to the walls of the trap and con-
denser. This is accomplished by frequent cleansing with cleaning solution

and drying in drying oven.,

Calculation
The volume of condensed water measured in the trap multiplied
by two (i. e. for a 50 gram sample) is the percentage of water contained

in the (air dried) sample tested.
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PART (c) - Determination of Bitumen Content

This method is suitable for the assay of bituminous sands with
bitumen contents above one per cent. As a ciean sand aggfegate is, pro-
duced, this method I;nay be employed Qﬁen a screen analysis of the sand
is required. In general, this method may be applied to a wide irariety
of bituminous substances with safety,. provided reasonable precautions

are taken to ventilate the working area.

Apparatus

Figure 3 shows a convenient arrangement for multiple deter-

minations.

(1) Soxhlet extraction unit - large size, similar to Corning
Cat. No. 3840, ' ' ,
(2) Extraction thimbles - Whatman, fat free, double thickness, *
filter paper, size 43 x 123 mm,
(3) Electric heater or hot plate.
(4) Drying oven (electric)
(5) Muffle furnace (electric)
(6) Light metal cans to hold thimbles. See Fig.4.
(7) Crucibles - 50 ml. capacity
(8) Desiccators - for metal cans and crucibles
(9) Evaporating lamps or hot plate
. (10) Analytical balance
(11) Miscellaneous glassware - graduated 250 ml, glass stoppered
graduates, 25 ml, pipette with rubber suction bulb, . etc.

% .Double thickness is required to reduce silt correction.
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Solvent

Carbontetrachloride (CCl4), technical grade, is used at
the Fuel Research Laboratories in this extraction for the following
reasons: Carbontetrachloride is not infiammable so the extraction
apparatus may be set up on an open bench in a well ventilated room,
The relatively high specific gravity of this solvent aids in the suspension
of uthe fine silt coming through the extraction thimbles, making
possible a more accurate aliquot of the silt for the estimation of the
tota;l mineral aggregate, Carbonteérachloride is al#o known to be an
excelleint solvent for a wide variety of bituminous substances. In general,
it is superior to benzex;.e in that it is capable of dissolving a slightly

greafer percentage of the high molecular weight asphaltic substances,

Procedure

The extraction thimble is placed in an open, numbered, tared
metal can, with a correspoﬁding lid, and dried in a drying oven at 105
fo 110°C. for at least one hour. Then the metal can is removed from
the oven, and closed to exclude moisture. After cooling in a desiccator,
the metal can is weighed to the nearest 10 mg.

Approximately 50 grams of the sample are then placed in the.
weighed thimble which in turn is placed in the weighed metal can, the

can capped and reweighed in order to determine the weight of the sample,
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of the'flask are sw_;vn'led to bring the finely divided solids into sus-
pension and washeci wifh solvent into a 250 ml, stoppered graduate,
After making up the volume to a multiple of 25 ml., the graduate is
stoppered and shakep to bring the solids into sﬁspension, and a 25 ml,
aliquot is pipetted into a taréd crucible and weighed to the nearest 0.1
mg., The solvent is carefully evaporated under heat lamps in a fume
hoqd to avoid spattering, The remaining contents of the crﬁcible are
then ashed .in a muffle furnacé in accordance with the standar& pro-
cedure for ashing coal or other solid fuel. After removal from the

furnacé, the crucible is cooled in a desiccator and weighed,

Calculation -

Weight of Mineral Aggregate =
Weight of residue in thimble + weight of sohds passing thimble,

Weight of solids passing thimble =-
Weight of ash in crucible x Volume of liqu1d in graduate
Volume of aliquot

Weight of Mineral Aggregate x 100 = per cent Mineral Aggregate
100 - per cent moisture (air dried basis)

100 - per cent Mineral Aggregate (moisture free basis)
= per cent bitumen (moisture free basis)

To facilitate routine calculations the following standard

form was adopted.




BITUMINOUS SAND
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Residue s 000 s0s000P0EIPBOSLIIIUIEOCERGEGIOIERRSTSR

AliqUOt ceseececssscessvscncecacssscrens
Crucible NO., seseevsscscennssacessscass
Crucible + ASh cseesvesvesecsncsescvves
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Aliquotash 0...‘.Q-l.-...ltlvto'...l...

Tota-la-sh 400 00200V 2tgRrbINtTRIOANOQeN

Residue +aSh e evs s esenssstosncsran
Residue + ash, % of sample seveverscse

Average, residue + ash, % of sample
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Average, residue + ash, % of sample, (Moist-free basis)

% of bitumen (Moisture-free basis)

Remarks:

Analyst: Checked by:

Date:
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PART (d) - Screen Analysis of (Extracted) Sand Aggregate .

Although a screen (or sieve) analysis of forty grams or so
of tfle sand res:i.due from a fifty gram sample of bit:uminous sapds,
extracted in a Soxhlet unit, will give comparable résults on a series
of samples, it is recommended that the screen analysis be made on
a larger sample obtained by combining the residues from duplicate
determinations on the -same sample.‘

A,S.T.M. Designation D 451-4b " Standard Method of Test
for Sievé Analysis of Granular Miﬁeral Surfacing fér Asphalt Roofing .
and Shingles' is recommended. - selecting for use from the set of con~
secutive sieves specified the 20, 40, 60, 100, 150 and 200 mesh sieves.
A Tyler Ro-tap shaker machine, as installed and used at the Fuel Re~
search Laboratories, is specified as " a mechanically operated sieve
shaker, which imparts to the set of sieves a rotary motion and ta.pping'
action of uniform speed". Otherwise, the procedure for making the

screening test is the same as specified in D 451-40.

6000 0000000000000

Note: The screen analysis of the extracted sand aggregate is not
necessary for the comparison of the laboratory assay methods,
discussed in this report, but it is included because it completes
the laboratory assay of a bituminous sand sample.
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APPENDIX II

Laboratory Sampling and Assaying of Bituminous Sands
by the Toluene Extraction Method

This method was developed by the Calvan Consolidated Oilv
and Gas Compa.hy Limited for use in their Athabasca Tar Sands Pro-
ject. It siﬁultmeously effects a separation of the bituminous sand
sample into its three components; water, sand and bitumen. The water
is removed by distillation, the bitumen by solvent extraction and the
clean sand residue is left in the eitraction thimble. As the preparation
of the laboratory sample, and the écreen analysis of the sand residue
" have been fully described in Appendix I, Parts (a) and (d), they have

beeh omitted here.

Scope
This method is suitable for the assay of the bituminous sands

from Northern Alberta. However, a certain amount of caution should

be exercised, in applying this method to bituminous substances in general

|
as some may have a lower solubility in toluene than in carbontetrach-

loride,
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Apparatus
Fig. 5 shows the assembled extraction apparatus,

(1) Erlenmeyer Flask, Pyrex, Wide Mouth, 1000 ml.- capacity.
(2) Thimble Support Cup - Pyrex Glass ~ this cup traps a
- small amount of raffinate above the general solvent level,
This enables the progress of the extraction to be assessed
visually.
(3) Trap-Pyrex - Dean and Stark pattern, graduated from
0 to 10 ml, in 0.1 ml. divisions.
(4) Condenser - Liebig type, 400 mam, long with inner tube
9.5 to 12. 7 mm. outside diameter,
\ (5) Extraction thimbles - Whatman, fat free, double thickness,
filter paper, size 43 x 123 mm,
(6) Light metal cans to hold thimbles,
(7) Porcelain crucibles - 50 ml. capacity.
(8) Desiccators - for metal cans and crucibles,
(9) Analytical balance.
(10) Drying oven (electric)
(11) Muffle furnace (electric) '
(12) Evaporating lamps or hot plate.
(13) Electric heater or hot plate.
(14) Miscellaneous glassware -~ graduated 250 ml. glass
stoppered graduates, 25 ml. pipette with rubber bulb etc,

Note: For convenience, extraction glassware should have standard taper

ground glass joints which will facilitate assembly and minimize vapour
leakage and absorption that would be encountered with a cork joint assembly.

Solvent

Among the many possible solvents that could be used for ex-

traction, toluene has been chosen for its capacity to dissolve the bitumen,

its stability with respect to heat and oxygen, and the fact that its boiling

point at atmospheric pressure is10, 6°C. above that of water, Thus, the

‘hot toluene ‘vapours that rise through the bituminous sand material are

5 -
.
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sufficiently warm to vapourize the water present in the sample., This
water vapour is carried along with the toluene into the condenser, where
it also is condensed and falls back into the graduated Dean and Stark

trap. Because toluene and water are immiscible, tl;e two liquids separate
into two distinct layers in the trap. Since water has the greater density

it forms the bottom layer and the toluene floats on top and the overﬁow

returns to the extraction flask,

Procedure

The extraction thimble is placed in an open, numbered, metal
can with the corresponding can lid, and is dried in a drying oven at
105 to 110°C, for at least one hour. It is then removed from the oven,
cooled in a desiccator and weighed to the nea;rest 10 mg. Approximately
50 grams of sample are placed rapidly in a thimble and metal container,
whose combined weight'is known. The contair;e-l' is closed and reweighed
to determine the weight of éample. (Note:~ the Calvan Qil and Gas Com-
pany Limited recommended a 30 gram sample but this was increased to
50 grams in order to minimize, as much as possible, differences bet-
ween this method and the carbontetrachloride extraction method currently
used by the Fuels Division.) The thimbles are quite hygroscopic, hence,
it is necessary to exercise care throughout the determination to avoid

errors due to the accumulation of moisture.
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The extraction flask is filled with 200 ml. of toluene, and
the thimble containing the sample is carefully placed in the flask so
_tha,f:'it is suppo’i'-ted, in a vertical position above the solvent by the
‘glass support CuP-j The apparétus is assembled and-heat is applied -
to begin the éxtréctiqn. The boiling ‘rate of the‘tolueine is ..carefully |
" controlled to avoid overﬂoﬁing the thimblé. The bitumen extraction
and the vapou;'izati_.oln of the water is alloweé. to continue for é6pe hour
after the toluene _ drijppi'hg frornf thle thimble into the suppo;_“:.' cup isl
colourless and the water level in the trap is consta;lt.

After the extraction is considered complete, the volume of
water in the trap is recorded, and the thimble lis transferred from the

extraction flask to its respective can and excess solvent removed,

!
/

urider evaporating lamps, or on a'-:hot plat:e,.,nplarced/‘,#'in a well ventilated
fume hood, When the odour of 391Vent ié no long)elr perceptible, the
can is transferred with'ips thimble and sand résidue to a dxyyi,n_g“ bven
and dried at 105 to 110°C, overnigﬁt. ;After drying, the can is femoved
”from the‘ oven, closed, gooled ivn. a ‘desiccator for one hour, and then
v;reighea. |

To improve the accuracy, and to enabl;s a strict cofnparis on
ta'be made with the carbontetrac’hio-ride extraction mefhod used by th;a ‘
Division of Fuels, it is necessary to make a correction for the quantity
of >si1t 'pas_sing throﬁgh the thimble into the extraction Gs’_olvent,. :I‘hé
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following procedure is employed to determine this correction:- The
contents of the flask are poured into a 250 ml, stopper-type graduate

and any remaining reéiciue i;s washed from the flask into the graduate
with more sélvent. 'lTh.e‘ contents of the graduate are made up to a
volume which is a multiple of 25 ml., and shaker well to bring solids

into suspension. A 25 ml. 'ali.quot is then pipetted into a tared crucible
“and weighed to the nearest 0.1 mg. This is followed by carefully evé.pof-
ating the solvent under heat lamps in a fume hood to avoid spattering.
The remaining contents of the crucible are ;chen ashed in a muffle furnace
in accordance with the standard procedure for ashing coal or other solid
fuel, After removal frorﬁ the furnace, thé crucible is cooled in a

desiccator and weighed.

Calculation

Weight of Mineral Aggregate =
Weight of residue in thimble + weight of solids passing thimble.

Weight of solids passing thimble =
Weight of ash in crucible x Volume of liquid in graduate
Volume of aliquot

Weight of water = Volume of Water in trap

Percent Mineral Aggregate (dry basis) =
Weight of mineral aggregate x 100
Weight of sample - weight of water

Percent Bitumen (dry basis) =
100 - percent mineral aggregate (dry basis)

Percent water =

Weight of water x 100
Weight of sample
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APP ENDIX III

D

Laboratory Sampling and Assaying of Bituminous Sands
by the '""Density'" Method

A complete description of this method is given in Bureau
of Mines Memorandum Series No. 87, dated Januvary 1944. In this
report only Method 2 ' The Solvent—mWeight Method" described in
the above publication was used.

This method of assaying Alberta,bitum?nous sands ma& be.
divided into three parts:

(2) Preparation of sample for analysis.

(b) Determin?‘tion of water content,

(c) Determination of bitumen content.

As parts (a) and (b) are fully described in Appendix I
of this repaft they are oxlnitted here. It will also be notéd that this
method does ',n‘ot g:;L've the dry mineral aggregate whicﬁ is required for

a screen analysis.

This is a rapid method for the determination of bitumen con-
tent, Although designed and developed for testing dfill-core samples -
of bituminous sands, it iswapplicable to any two component (bitumen-
mineral aggregate) system of which each component has a known con-

stant density. As a result of many determinations, the values, of
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2,62 and 1. 00, were adopted as the densities of the mineral aggregate
and bitumen components respectively. For the purpose of this test,
the combined bitumen and water contents are considered as a single

component,

Apparatus

Figure 6 shows a volumetric flask with interchangeable filling
funnel and calibration head.

(1) Calibrated volumetric flasks (pycnometer type) -
nominal 250 ml, capacity for 100 to 200 gram samples,
(2) Balance - a balance with a capacity of 500 grams and a
sensitivity of 20 mg.
(3) Miscellaneous - sample scoop, beakers, dropping pipette,

Solvent

Pure toluene of specific gravity 0. 8660 at 20°/4°C. (68°F.)
and with a thermal coefficient of expansion of 0..00085 cc. per °C.(or
0. 00047 cc. per °F.) was Aused for this series of determinations, but
technical grade toluene of known specific gravity and thermal coefficiént

of expansion may also be used.

Procedure

The sample should be at, or close to, room temperature be-
fore proceeding with the determination to avoid temperature-volume

changes,
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To simplify the calculations it is convenient to ﬁse the same
weight for all samplés‘, e.g., 100 grams of bituminous sand, The 4
sample is weighed into a tared volumetric flask. Sufficient toluene is
added to cover the sgmplt; completeiy. The mixture is then.::tirred
with a glass rod or suitable mechanical stirrer in o-vrder to effect com-

plete penetration of the sample by the solvent and to liberate any air

- bubbles. Finally, the flask is filledT to the calibration mark, and after

all bubbles have been expelled, the flask and contents are reweighed.

Immediately after weighing the temperature of the flask and contents

'is determined,

Formula Derivation

weight of sample, grams

Let W =
: w = weight of bitumen and water, grams
B = % bitumen by weight .

(moisture free basis)
b = % bitumen and water in sample by weight
d] = density of mineral aggregate, gm/ cm3 -

dz = density of bitumen and water, gm/ cm3
'V1 = volume of mineral aggregate, cm3

V2 = volume of bitumen and water, cm3

V = volume of sample, ,cm3
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Vl + Vz = V (1) ®
diify + d2Vz = W (2)
Multiplying (1) by d1 and subtracting (2)
V2 (d1 -d2) = 1V - W (3)
Rearranging (3)
V2= 41V - W (4)
dy-d2 di -d2
b= w x 100= Vzdz x 100 (5)
w w
Substituting for V2 in (5)
b= (&1 V - W) . x 1004z
(d1-d2  d1-42) w
= 100d;dz V - 100d2 (6)

(d1 - d2) W dy - d2

dy and d2 are considered as constants equalling
2.62 and 1. 00 respectively so equation (6) reduced
to '
b=161.7 vy - 61.73
w

.. the % Bitumen (moisture free basis) is given by

B=(161.7 V - 61.73 - % Hz0)
( w ) = 100 (7)
100 - % H20
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Calculations

Known or directly determmed properties

2 Wf - weight of ﬂa.sk
V§ - volume of flask

Wg+ W - weight of flask plus sample. From this calculate W.
Wegt W + W¢ - weight of flask plus sample plus toluene '

. T - temperature of toluene

« % H20 - determined by ASTM method D 95

. Specific Gravity of Toluene at 20°C.

. Specific Gravity Coefficient of Toluene

Calculate :

Volume of Toluene

= weight of toluerie + specific grav1ty at' T °C.
Volume of Sample = V

= Volume of flask - Volume of toluene

O -1 oW B W

Percent Bitumen (moisture free basis) is found, by substituting
the values obtained for 'V, Wand % HzO in eqﬁation (7)

uuuuuuuuuuuuuuu
————————————
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