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Rates of Penetration:of Solvents

into

Bituminous Sand

Introdﬁction :
Atrpresent, the ﬁorlds largéét undevéloped’reservé of .-

» peifoléﬁm hydrécArbbné is the bituminous sand ofknorthern Albérté.

’,These sands underly an area ‘of thousands of square mllesyln an,

apparently contlnuous bed of around 100 feet in thickness (I)Except

' where 1t outcrops on river banks, this deposit is covered by up to.

‘600 feet of overburden, All attempts at commerclal extractlon of the’

bltumen to date have 1nvolved excavatlng the sand and processing 1t

elther by flotatlon,or sqlvent»exﬁractlon. This method can only be

, nSed‘whére'there is'little‘of'no'ovéfburden and;a suitable disposal

“ground forkwéste sand.  The bituminougbéand is extremely difficult to

excavafe‘and to handle. It has beenfsuggésted (Dr. Seyer) that it may

be possible to extract the bitumen Withs’olvents'witﬁbut disturbing the

‘sand by methods s1m11ar to those used tc recover salt from underground

salt dep031ts as & brlne solutlon. Thls th931s is a record of'some

prellmlnary work done towards determinlng the fea51b11ity of thls

method of extractlon.

;Expérimental“
Various solvents were allowedvtc'flow~radialiy into unifobmly/
COmpactéd cylinders of bituminous sand. The rate of penetration of the

l'.
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: @“*while the piston forced the send out. =

¢ h‘solvent was measured under constant head
i Apparatus k :
’ f”" The principal piece’of equipment used nas aklo inch oiece
'tof standard 4 inch steel pipe with a 1oosely fitted piston mounted on .

é‘ ;a slightly 1onger piece of 3 1nch pipe.é Two sheet metel dlsks of the
;ins1de diameter of the pipe were placed one at each end to prevent the

:‘:fsand from sticking to the‘piston or base when under pressure. The top

Viidisk and piston had holes at their centres to accommodate a 1ength of

'jsteel rod O 325 e 1n diameter used to keep & central channel in the

: fsand open during compression. A lead fitting as shown in Fig. l Was

ion this fltting (not shown in Fig.‘l) ensured 8 rigid connection be-

Ttween the aless feed tube and the sand.f The feed tube (No. 6 pyrex)

~}This type of eonnection was found necessary to prevent slight Jarring
tfof the feed tube from stertlng a leak between the bltumen and the glass :
~tube.; The solvent was maintained in this tube at 8 mark 30 cm. above !ff,
;the top of the sand. v large bulb blown in the tube Just below this .
t~;mark permitted a considerable volume of solvent to flow 1nto the sand
u'ibetween additions without too great a loss of head. A 35 ohm heating
”coil WOund on the inside of a 6 inch dlameter sheet metal tube 12

‘1nches long was used to heat the sand while under compreseion.;‘To ei-,[j

'trude the sand the 4 1nch pipe holding the sand was supported on a-

”ffilonger piece of 5 1nch pipe by a bushlng fitting the two sizes of pipe,

Tne press used to compress the sand and extrude it from the;'b

'T:’pipe was a 200 OOO pound Olsen Testing Machine in the Forest Products

_'pressed solidly 1nto the sand during tne compress1on.~ The coarse threads =

" was sealed into this fitting by a porcelain cement setting over night.ni'nkf‘
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Laboratory at the University. ‘ThiS>machine was‘also used to‘maké the
central channel io the‘sand.
| Proceedure

The sand to be loaded 1nto the test plpe was heated on a
water bath until completely softened.; It was carefully broken up with d‘
‘a‘large spoon and small lumps of non~bituminoﬁs material‘present'werev
removedvas completely as’posﬁible} The sand was put into the pipe a
few spoonfuls at a tlme then “tamped down with a short length of 1 1/2
inch wooden dowel to. remove as much entrapped air as. p0551b1e. One
'ampere flowing through the heater kept the pipe warm while being loaded.‘
When the plpe was filled, the heater wes dlsconnected and the sand
allowed to cool overnlght |

The follow1ng day the pipe was put in-a lathe and & cone
shaped hole bored in the top. of the sand to accommodate the lead fltting.
“Th1s5hole,was bored with a triangular tool having the,same;shape as the
’longtitudinalwseotion,of the lead fitting. The'centralfchannel:was .

- formed next‘by~forcing a 3/8,ihch rodg(Fig.‘l)~into’the sand to a dis=
;”,_tanco from thevbOttom ofothe,pipe‘épproximately'equalzto the’pipe,
radius. “The‘rod was easily centfed‘on the sand Withgthe aidﬁof'the ,
tapered‘hole~dlréddj bored. The lead'fitting; after béing,coated‘with,
tar sand applied,hot, wao placed ‘in its hole. A steel rod was put
1nto the central” channel to keep it open durlng compression. The top
metal disk was put on and the piston put 1nfplace. A pressure of 25, 100
pounds (2,000 psi) was aoplied'and the sand allowed to stand for 9
i - days. ;A;preSSurefdropﬂof~2 - 3,000 pounds occurred overnight for the
 first few dsys, decreasing to a few'hﬁndred'pounds towords the end of

thelg’daf period; The pressure on the sand was raised tof25,100,poundsl

once every 24 hours.
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One ampere flowing through the heatef maintainedkthe saﬁd‘atkthe centre
~ of the pipe at about 60°C. After standing 9 days, the heater was dis-
connected and the sand éliowed to cobl overnight under pressufe, then
removed from the‘pféés‘ This treatment was found‘io be sufficient to
" bring the Sand_closé to its equilibrium éondition.‘, |
. - The’top disk was éasiljkfemqved without disturbing the sand
~after ﬁarming it with a bunéeh burners ‘The central rod was‘removed after
Hlddsenihg it byftwisting.’ Therglasé‘tube was then‘cemented;to the
lead‘fitting. Tﬁé pipe full of sand Waé placed in a large glaés Jar in
& water bath (220 g.) to minimize the effects of fluctuations in room
temperéture° Solvent was édded up'to‘fhe‘SO cm. mark on the feed‘tube‘
(measuréd from thé top of the lead plug)yffom 2 50 ml. burette, Add-
'*itional'ﬁolumes-neceséary tofretufn‘the;ievei‘to this magk~were,measuréd‘
from a;5~mi. bureite at approkimately'1ogarithmic time intervals. The
‘solvent 1éve1 would,drép;aSahuch as-a centimeter in. the intervals'bee;
tWeén'&dditions!ahd,henée*thé nead was not absOlutely cﬁnstant.‘

A2 l/2~inch cap‘on the fe?d tube mé&e/from number 10 pyrex
glass tubing, r;duéédjevéporation‘1o$ées, An évépdfdtibn:correction
was determined by measuringfwith a:céihetometer thé grop'in level in

“a cappéd‘piece of?tubing similar t§ thé feed tube, |

2 At the conélusion 5f the:experiment; thezséﬁd'was extrdded
from the éipe. A force éf 7,900 pounds was found necessary to start
the‘sand‘moying.'fﬁbout one quarter of the’length of the extrudedmsanﬁ
was cut off each end with a hack saw bladé that had been-ground to a
= knifevedge‘ The‘blade was heated during cutiing by a gas flame to
k soften the bifumen,in the sand; The partkof the sand into whi¢h the

solvent had penetirated was found to be very soft and easlly seooped
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out with a spoon'Without disfurbing the remaindér of the sand.  The
volume of the cavities 80 formed was measﬁred‘és carefully as possible
with’a.centiméter scale. |

Properties of the Sand.

The bituhinousksand used was £aken ffbm the Abasand workings
early in 1944. It had a bitumen,cdnténtOfMIS;SSZ and a denéity in its
:bnatural>state'of'l.989 graﬁéipef c.cg‘ The'density of thé compfessed |
sémple_was l.925’érams per c.c. The extradted sand pérticlés were
found to have a density of 2,659,gramsvper¢¢;c, ‘Teking the density of
the bitumen-as 1.022 (éeyer and Krieb;e)LB)The ffaétion of unfilled
voids may be ¢caloulated as shown:

~In 1,000 grams bituminbus sdnd there will be:

183.6'gramsydf bitumen of volume - 179.6 ¢.c.
~816}4 grams_df sand o " ;k 2 .-307.0¢c.¢4 =
' Total  486.6 c.c.

Volume of 1,000 grams of bituminous sand

Nétufgl e COmpfesséd,
502.8 519.5 G.C.
‘ Volhme §f sénd plus bitumen 486.6 | "’486i6
Volume of unfilled voids:  16.2 32,9

Fraction voids of total volumes 3.27 6.3
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Mesh . Retained . Table I gives the analysis of the
50 | 0 sand as percents retained on U.S.

',59 ; IR 0.1 ‘ _standard screen sizes, Measuring

70 - kk 0.5 '~ the deflections caused by varioﬁs‘
‘ lOO ; 42,9 | o loads on the compréssed sand for
140 “ ’ 45.41 e i ;L‘ . both incfeasing and dedreaéing‘léé&s,
200 R 5,41 e  gives the‘results,showh in Table II

Passing J»"‘ ' L and Figure II. Thefsamp1e~tésted
| 200 ¥ A | |

‘ was 11.9 inches long andyl2'6,sqﬁare‘
Table I = Sereen Analysis. o
- inches in cross section. - For an

increasing load the Modulus of elasticity, remained constant at 272,000

psi. after the load reached 6,000 pounds (5C0 psi)

o SR B, = (19,000) (11.9)
, - . 'TO,~066) (1276)
= 272,000 psi.
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10.
‘Results.

The results wefe obtainéd as a series of wvolumes of solvgnt
¢;added at deflnlte tlmes after the start of the .experiment. These volumes
i‘were corrected for evaporatlon 1oss from the feed tube by subtracting
€‘the solvent loss from a similar tube in the same interval of tlme. Over
; long intervals of time when tne glass cap was not removed, the evaporation :
} losses were 0. 0029 0 0019, and 0 0031 cic. per hour for carbon tetra=~
élchlorlde, benzene and carbon dlsulphlde respectively. ‘When the cap was
E rémdved\frequéntly~to add sdlvenﬁ at‘the«beginning of a run, the evap-
é orétion iogsés were‘slighflyjhigher but of‘less éonsequence dﬁe fo,the
é much shorter 1ntervals between solvent additlons. The fesﬁltsmafe shdwn
E 1n'TEble 3 to 25 héurs correcfed for evaporation losses.‘Readlngs were

gwactually;taken up o 300 hours as shOWn,in Fig. 3.

ey
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. CARBON TETRACHLORIDE ~  BENZENE = CARBON DISULPHIDE

0o ?j;Timéflf IVolﬁme; ~,: ,7Timeff ‘ Volume'j5 © Time. ‘VIEEEEE

- o.0722 0.45  0.0681  0.32 0.302 0.2

f'o.ii7, 0.5 ““ 0.0945  0.15 ’1~‘°é373~II,{O}35:
050 030 0138 0.2 . 045  0.20
 0.281 ';7~°‘93t”“jfﬁx | 10;i67fy!f"o$66:"' ik‘I°?536 0,30
 é:0;$3O5 Iwﬁd;osIri f;‘;k%r6;2$é£5k  0.10 :’,:g:20.636¥k v
I‘l'?oM47i?Iﬁ"O’09I Z;\ EI’.QQésaf*‘\?oloa, f‘qu; 6;732‘;kv15;21
?OiSSSI" 1éfo3;Iﬁ';t?;i\xIQ;35df “3L01Q25 . ” 6;807 ,‘tﬁbgis
Iéo?égos\f;I0;5§~;T,IIIII;10(44271;',6,95'. 0 0.889  0.20

©0.850  0.10 . 0,592 0.05 -~ . 0.9835 0.3

;,gb;gssquj'Q:osI'zu fIv ~ 0.828 "f 0,071_7;'*1 a7 ]~o.gs‘
;31;14“? f;ngllf:I‘kté_ff'Jé.sty Coag ; “:l.sayk‘ ,jo;25
"*é 1;55i,:%~f0;123 L 011 : B 1.65 }0;43,'f?

©mos 020 18 o0 zos  0.37
‘é2;3§x;5“Iv0,10 . ‘;~:; 22»50‘,Tw}f0§io=«‘{ ‘5 2.51  0.36
3?2;71;fi¥fo;1b‘f:r'w~’7‘:2.787I', o,d@f*)\ 299 0.36
faiig;j";fb;iéI' Dok 3,3oIfI o1 - 3.55 'o;ée{“
*~v43;55¢ 73f~0}17a 5 vﬁi ;2.gg,y’xfI9405f‘- SR 4.41,?“’;IQ;50\‘
598 00 42 o005 520 043
I?;;aijfi_;6;27'kI' ‘;,i;i]églo ;‘:f:d{o7, | "f;s;sa, ] Q.zo‘I

0023 5.9  0.08 626 03l

"

0.3  e.85 0,06 ~  T.04 0.0
913 0.28 . 8.85  0.06 8.87  0.30

0.56  11.38 0.3 16.20 . B.0L

VIIgésgijkaﬁ ,;'12.i8 H 0407 S 16,53I I‘ID.16"

() ?4,08/1';.'0 85 23,01 "I'~o 35 23.62 1.08
e Table III, Volumes of Solvent Added S
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;cARBON:TETRAGHLORIDE : BENZENE; | ‘ CARBON DISULPHIDE
'EEE Ayﬂﬁ» Time  Avk Time - Av/bt

0.0426  0.332 0.0601 0.188 0.276  0.264
00,0025 Q.142 : "0¢0813 0.089  0.338 0.244
7%0,154,’ , 0.0596 O.ll6k~ 0.103 0.414 '0.211

0.236  0.0382 0.152  0.075 0.495  0.183

0.307 . 0.0502  0.202 0.53  0.586  0.153
0.402  0.0285 0.258  0.241 0.686 0.143
0.517  0.0142 0.316 o;loé o o.mmL 0.142
éé;ezs  : ~ 0.0326 - 0.391 0.201 , = 0Q848f /  0;114 |
'§O,7667 B 0.0259 ot 0.0123  0.93 0,108
0.918  0.0195 0.708 00111 1.076  0.0869
Ei;oe', | o.oaab 0.905  0.0074 B 1.272 0.0702
155 o.oiozky 1164 o.0113 1515 0.0613
1.80  0,0126 108 0.0074 186 0.0526
208 00112 2.7 0.00566 2,29 0.0442
2.5 0.0101 2.8 0.00706 275  0.0385
| é.glp- 0.0100 5.4 0.00522  s.21 0.0328
%;35 . 0.0135 | 3.57 f b;oo4b3v 3.0 0.0%306
%.77" ‘1“0106709k 408 0.00577  4.81 0:0278
§.43 0.00978 | 471 ' 0,00$6»‘: 589 0.0272
kfﬁééé  0.00687 . 5.55  0.00342 5.87  0.0272
6,47 0.00891 6.42 '0.002521 O 6.60 0.0239
%,61 ,  0.0128 7.3 0.00284 ; .61 onzzv
gwss‘ 0.00952  8.35  0.00229 853 0.0239
10.48 0.00487 10.11  0.00185  12.54  0.0213
15,31  0.00570 12.08 0,0u174 | 16.37  0.0254
> 16.95 0.00496 . 13.69  0.00153 18.58  0.0189

"21.59’ 0.00443 19,15 0.00143  22¢13 : 0.0187
- Table IV, Rates of Penetration . '
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By d1v1d1ng the volume of solvent added at any tlme by the o

’i;ff;tlme elapsed to the preceeding addltlon, an average rate of penetration
;eefls obtalned over: thls perlod.; By d1v1d1ng thls flgure by the surface area
‘?of the central channel the rete 1s found per square centlmeter (table 4)
‘?These were plotted ‘as the 1nstantaneous retes at ‘the mean of the two
‘fifilmes¢ nf e | : |

The graphs of these points on log log paper were found to

uf,;between the rates and tlme ware found Integratlng these expre381ons

i ‘glves the volumes of solvent that w1ll penetrate the sand per square cm.

'  [1n a glven time., These equatlons are given in stle 5 and the corres-

'Eipondlng graphs are shown in; Eigures 4 and 5.~

:Carbon Tetrachlorlde Lo  "VBenzene S ‘~ 5Carbon Dlsulphlde .

: S =0, 522 .o L0,615 : -0. 339
gy o 0199t s dvs o 00903t JJ;“,EX;=;O(Q484t¢k
,,o 478 L ;;ed,‘; Ch 385 o 0.66l

: oﬁc4ist . v=o.025t o vo.o07

.;s‘

";Table 5 5EQua£ionsu

At the conclusion of the experiments 1ongtitudinal sectlons
k, of the volumes of sand permeated by the solvents were found to be as in

Fle. 6.

‘Qbe straight 11nes. By applylng the method of least squaree, the relatlons f_“
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,Fig;*GifiLongtitﬁdinal,SeCtions\ofksanﬁjfermeated by Solvents.
,TheSe-volumes;vcalculated'from‘the abOve;dimen51ons allowing 2,60. for
the Céntral’ehannéls,were found to be: -

182 c.e. . 108 c.c. 465 cuc.

nfszhefsolventé penetpatéd infé thesekvblumes in

;ji385 hoﬁrs - S 292 hbursk S AN ,1C1\houfs
Applying thé'equafions in Thble~5;kthe~volﬁmés,Qf so1vént~whi9h?peﬁe— ‘
‘;1trafed the sgﬁd per.SQ; cm. in’thésé,timeé:was, ) . |

0.715 cee.0.209 c.e. ©1.57 c.c.
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..'The surface areas of ithe ceniral channels were:

123,08 on” 27,07 cm® 19.28 cn
and,henqe the total volumes of solvents penetrated were:
16.5 c.c. - ' ~ 5.7 ¢.c. : : 30.3 c.c.

"ExpressedVaS‘fraciioﬂs of the‘volumeé'okaandkinto>which the solvents
had'penetrated, these volumes were:

12.57 ‘ ‘,3;? 5.27 . 6,67

The last twokfigures (for benzene and carbon dlsulphide) are
_close to the fractlon of unfilled voids in the sand (6.37), the flrst
~(forkcarbon tetrachloride)‘is roughly twice this figure.

Conclusions |

‘ The rates\df‘péneir;tion of carbdn tetraéhldride, benzene,
and cerbon disulphide radialiy into bitumindus sand wefe measured Qnder
constant héad; The rates were found to be 1n1t1&11y hlgh falling off

‘rapidly with tlme.' After a few hours, they became substantially constanty
‘at‘verj low figures.

The volumes of solvent which penetrated the sand were found- to be
roughly equal to the volumes of unfllleg véids in the sand w1th the ex«
\:~cept10n of carbon tetrachloride. In this case the solvent volume wes
.twice that of the unfilled veids. There was ho evideﬁée~ofswelling with
 any of\the thfeeﬁsolventé‘used.
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